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ABSTRAGCT

The phyaical and chemioal properties of Nigerimm Wools have
beenn throughly investigated, Initially three wools Nigerian
Kerino, Cross Merino [?igerian Merino § + Yankasa é] and Yankasa
wool wore used.

The eutire work has been dividied into six Chapters. The
surface and ¢cross sectional studies he:i;:aa magde through?gight
microsoope which reveals the difference iu the secale pattern of
tneae wools. Medulla was uoted iu cross and Yankasa wools. Besides
these wools, two more varieties: Baluchi and Wensleydale wools
have been considered. Fhotographs of the ¢ross-seetiou of these
five varieties were obtained,

lu the second chapter the amino acid composition of these
wools has beeu described, Jiach determination was performed on
the Technicon Automatic snalyser model No. 1.

Chapter thre¢ describes a study of the elastio properties
of the wools. <The study is eonfined to first three varieties,

although other two wools have also been investigated but not reported.
In nommal operation, Fibres wers extended 208 and the work to
atreteh, work recovery and work index were obtained, The fibres

were imoersed completely inside the various solvents, e.g,, water,

xi



xil

formic acid, HAC, nCcl1, Thicglycollic acid, aloohols, phenol,
formaside and it ions ete,; and the work to stretch 2% extension
meaaured, The effects of tne humidity, water yreatment, time
snd temperature ou 1he elastic propertles were studied, The
Hookean stress, breaking stress and breaking axtension of tne
fibre inside aifferent media at constant rate of loading have been
investigated. Comparison of work to streteh and work recovery at
constant (20%) extension for ¢hree wools have been madeé. The
relation of work to stretoh to oysteine content of these wools
under similar conditions was obtaiued.

Ia the fourth chapter, the swelling properties of these wools
in the presence of aifferent solvents have beeh described.
In solvents the fibresrhave little tendency to swell longitudiAally
veoause of restraints jmposed by both the amorphous and the
erystalline phases. The percentage radial and volume swelling
have been found., The effect of concentration upon the properties
of swelling of fibres were inveatigated.

The aext chapter presents ths acid base titration properties
of woola, The polyelectrolyte theory of Mathleson and Whewell
hes been applied to the date obtained during tne study of acid
combining capacity of wools, Tne characteristics of acid-base
titration curves and pK, values for ﬁne acid titration of wool

heve been caleculated. & theory of metal biuding and metal hydrogen



xiii

exchange for wool fibres have been evolved with the support of
data. Metal binding (Zn?', Ma®*, Ni%*, CoZ*) of divelent cations
hes been studied in presence of acid, Investigations have also
been made at different ionie strengths.

Chapter six consists of some of the results of infrag-yred
spectrosoopy. The study was made for virgin wool and metal
treated wool (2.n2+, Lh12+, Ni2+, 002"'). In order to support the
metal~hydrogen exchange theory, the effect of metal ion on the
gbsorption peaks thoroughly studied.,

Some other phyeical properties such as, measurement of
birefrpngence, and croas secectional and surface structure have been

studied and presented in the appendix.

U
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Chapter 1
INTRODUCTION
" 1.1.0 SHERP

No farm animals have so many breeds evolved as a sheep.
Many of these breeds are of little importance in commercial
production, with more than three fourths of the industry of the
world based on the use of not more than six breeds,
Breeds of sheep may be classified on geveral different bases,
including:
(1) Their degree of suitability for muttou or wool
production (mutton or wool type).
(2) Colour of face (white or black face),
(3) Presence or absence of horns {hornsd or polled),
(4) Topograph, of the area iu which they originated
(mountain, upland, or low land), and
(5) Type of woeol they produced.

The latter classification is perhaps the most suitablse,



The following are the leading breeds of sheep:

Fine wool | Medium wool|Long wool | Cross level Caxpet Few type
type type type type wool type
Merino Cheviot GCotswold | Columbis Black Karakul
Daboiult | Dorset Leicegter | Corriedale | faced
Delaine Hampahire |Lincoln Pgnama highland
Merino
Rambouilt Montadale |[Romey Romeldale
Targhee Oxtf'ord Targhee
Ryeland
Shropshire
Southdown
Suttolk
Tunis

1.1.1 Fine Wool Breeds
c% Ke .
The most commongfine wool breeds of the world is the merino.

There are different breeds of merime, but all of these breeds, the
spanish breed, is the finest one., No breed of sheep has contri-
buted so much as the merino to the development of the world wide
sheep and wool industry, The Merino breed furnishes the
foundation breeding to produce fine wocl,

The wor .d merino is derived from an early-day royal of ficer
of spain, called Merinﬁ, whose duty it was to assign the variocus
migratory flocks of the couniry to their respective graszing grounds,
In it® native laud, the Merino breed of sheep had long been selected

for fine wool and strong flockiug imstinets,



¥our Main Migratory Sheep

Escurial Type : Finest, very beautifully crimped.

Paular Type Soft, close and compact,
Negrette type Short, skin large and folded big

ariimal, rams hed very large horn,
Infantado type Similar to Negrette, ram's horn more

oclosely set,

1.1.2 DOrigin of Meriuo,

There have becn fiue woolled sheep in spain since Roman
times and sheep of the werino type were well known in Spain during
and after the period of the Roorish occcupation, For many ysars
exportation of fine woolled sheep# from Spain was forbidden.

Pirst significant exportation was ellowed to Saxony (East Germany)
in 1765, followed by amother purchase in 177%. A small flook of
Negrette was imported intc England in 1791, but did vot servive,
In 1808, another flock of 2000 paular sheep reached Fngland whioh
were eventually settled iu Vietoria (Australia). The first
importation of Merino into the U,S.A. was in 1802, but on large

scale, 1909 onwards.



1.1.,3 History of Nigerian Sneep

In 4960 - 1961, the Government of Northern Nigerian imported
Merino rams from South Rhodesia. The detail accounts of tre
fertility, growth rates .re reported by Ferguson(5882), The Merino
sheep were well built, fairly plain-bodied. The fleece was
coarser ou the Er_it__q_lg but finer on to shoulder, free from kemp
and pigment.

Besides Merdiso, there are two more foreign breedsavailable
in the Northers part of Nigeria. They are Baluchi and Wensleydale.
Baluchi sheep are from the North Western part of Pakistan, lhey

were originelly imported from Iran.

Wensleydale:

The sheep is large but not as big as Liucoln or the Leicaster,

The wool is longer and slightly bromenish tinge and lusitrious.

~ The local breeds which are more common aud more popular for
meat production, Ouda, Yankasa, Baleny Ouda breeds are mostly
maiontained by the Fulaui people in the North Eastern State, .

The Iia.l_ar_.lll are more popular in the North Western State and
Katsine province, WNiger Reolublic also had produce some of these
breeds (Balanu , Ouda eto,)

s The Quda and Yankase are found in North Cautral State, Benue
}\ FPlateau State aud hano State. These breeds are actually desert
type having hairy fleece., The animals are loag thin legged.

Some of them are pigmenied in either black, dark brown or pale brows.
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But Yankasa is white. The wool is coarae but better than Fulani
goat, The fibre is kempy audhﬁédulatiOH throughout the centre.
Cross breeding between merinos and different Nigerian (Yaukasa
and Quda) sheep has been ocarried out in many parts of the couniry

for the purpose of mutton and improved guality of wool.

1.1.4 Grades of Wocl.

Grades of wool are based ou fineness. Fine wools make finer
fgrics than coarse wools. Fine fabrics are more desirable and
more valuasble than those made from coarse wool, Grading of wool
is very important because fine wool feth% more MoLeY,

The grade of wool may be given in either tie Americauy or
Bradford syastem. These systems use very differeut terminology,
but both are based on relative fineness of wool fibres, The American
terminology originally referred te the kind of sheep fram whieh
the wool was most likely obtained, The "counts' of the Baglish
or Bradford system indicates the number of hanks of yarn spun
from wool of a3 particular fineness that would weigh one pound, or,
as it is sometimes stated, the number of hanks of yarn that can be
apun from one pound of such wool in the form of top., 4 hank
contains 1,680 feet, but wool of a given count may be spun to a

different number of harks than the count indicates.,



%_ Lomparison of Two System Together with
b Their Length gnd Diameter

— e o r e — .'I [ —— ;

! ] A{Eﬁ;iémzﬁe i Average diameter Range!_

Bradford | Amperican inches ‘-.(Ml_(;x_:on‘a—)- "r——'—. 4

. combing iT eri:lf_u.m- ] :{axlmum .
g1 5 - - 18,4 19.1
70'S | - - 19,6 21,0
&4'8 Fine Qver 2 21 o1 22.5
60'S - - | 244 25.5
58'3 Half blood Over 2% 2546 270

5618 Three guarter

blecd Over 2% 271 28.5
50's - - 30.1 3.7
48'S Quarter blood | Over 22 3.8 33.4
4615 | Lom quarter | gyer 33,5 35.1
LL'S Common ) - 35.2 37.0
40'3 Braid - 37.1 38.9
2615 Braid - 39,0 41.2

1,145 HISTCLOGCY OF THE WOOL

Wool and oilner keratin fibres possess similar structures.
The structural features to be considered iu the present discussion
are mainly those that are visible with the ordinery light
microscope. Three main types of preparation are used io show these,

The simplest is to mount the whole fibre, or a part of it, in a



medium such as liguid pafaffin or glycerol. Tnis method shows
the profile of the fibre aud some of the details of the cortex
and particulerly in pigmented or heavily medullated fibres,
' Casts of the fibre surface made in various thermophatic media are
used to study the scale vabtern of the fibre cuticle, In order to
study some of the finer structure, sections of the fibre, both
transverse and longitudinal, are used, (Wde¢ epbivdix 6)

Besides light mioroscopy, the x-ray technique is also very
useful in studyiug the details of fine atructure of wool.
All fibrous proteins given an x-ray diffrecticn pattern (1 _,2,3)
characteristic of an ¢ ~ polypeptide structure wnich after
stretching is replace by f - pattern., The reversible uature of
the G.‘_-—"'_ P transformation was investigated mainly by x-ray
diffraction techuniquea, and had provided vagluable iut'ormation
regarding the structure of both erystallographic forms, Following
the work of Pauling aud Corey (4}, the d keratin is considered to &Lt
built up of long peptide chains arranged in the form 4 €@~helicds
.. , packed in pseudo-hcxagonal array. Observations by
MacArthur (5) and Perutz (6) provided considerable support for this
model but the strong meridionsl spacing of 5.154 was not accounted
for, Later, the coiled ~ coil arrangement was proposed (7); and it
appears that the structure of the “Crystalline" part of the
mamalian keratin approximates roughly to that of a rope composed of

two or three a-helices regularly distorted and intertwined (8).



ORTHO-CORTEX ~ PARA-CORTEX

~___—Microfibril

———Endocuticle

x-Helix——

Protofibril —— — —Epicuticlé
Microfibril Yl Exocuticle
Macrofibril—

Protein a
nuclear
remnants

FIG. I.  Representation of a wool fibre. ( Ref 93)



These ropes or protofibrils are, in turn packed togetner to form
micro-fibrils (9,10). The non-helical compouent of the low
sulphur protein fills the inter-sites between the central
protofibrils and the outer ring of tne protofibrils (11).

Electron microscopic examinatiou of' thiu trausverse, and
longitudinal sectious of weol fibre revealed further details of
surface structure,

The morphological detail of wool keratin is represeuted in
Fig. (1) which shows the individual units preseut in a fine wool
fibre, (Merino 64'S), 'Yhe coarse fibres wnich cousist of medulla,
are mostly kemp fibre, The cross-section (Fig. 2) reveals that
there are three main parts - cuticle (on the outside, cortex (iuside)

and medulla within the cortex, (33, \§)

Cortex
The cortex (Fig.2) comprises more than 90k of the fibre.
The cortex consists of spindle shaped cells which are approximately
100 microns long and 2 - 4 microns in diameter (12,13,14) and which
are arranged with their length parallel to the fibre axis and are
separated by disorganised material, This material acts as a
“oementing' medium between cells and further adhesion is afforded by
the interlocking of cellullar projections located mai.nlg, but not
exclusively, at tne cell tips, It is generally accepted thet in the
fibre a membrane surrounds each cell. The stability is snown in

spite of the elongation of cortical cells, their position witn



P — para-cortical cell

O — ortho-zortical celi

C —cuticle cell
M~—cell membrane
R —cell residue

m ~— macro-fibril
FIG. 2. Diagram of a Merino wool

cross section, (Reis)
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respect to cach other, after stretching, is apparently unaltered {(12),

Iu orimpy wool fibres, the cortex consists of at least two
types of cells (15) designated as the ortho-type and the paratype
(15,16); the former always occupies a position on the outside of the
natural erimp (17), but additional c¢ells may also be occasicnally
observed, forming a meta or meso-cortex (13),

The ortho- and pars cortical eells differ widely in both
reactivity and morphology. The ortho-type cells cousistg of a
compact assembly of macrofibrils (each approximately 1,000A" - 2,OOOAD
in diameter) and contain relatively few nuclear oell residues,

The para-cortical cells are geaerglly smaller in iheir secticnal
area and tneir miero-fibrilis are not sc densely packed, The croas
secticual area of a fibre is usually divided into ortho-or parg
regions by an imagginary line drawn across the msjor or minmor axis
of the ellipse.

The para cortical cells are attached preferentially by
oxidising and reducing agents and are thought by some investigators
to ocontain the majority of cystine residues (18). This belief had
been contested by Ryder (19) amd Leveau {20). In spite of difference
in their chemical behaviour, Bones and Sikorski (21) had shown that
oguirary to earlier belief (22), the mechanical properties of the
twg types of cell appear to be similar.

Electron micrescope studies of wool fibres which had been

previously reduced aud trecated with heavy metals, have revealed,
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eapecially iu the paratypes cells, that the macro fibrils, consist
of a system of filaments called microfibrils each about ?5A° in
diameter and surrounded by a heavily stained ground substauce

known as matrix (20,23,24,25), The microfibrils were seeu to be
arranged in layer aud near-perfect hexagonal arrays in para-cortical
cells while, in the ortho-cortical cells, the packing gave the
appearance of lamellar or whorly arrays with microfibrils. The
difference in the packiug arrangement of the microfibrils was
considered to be due to a better alignment of the microfibrils, with
respect to the fibre axis, in the paracortical segment (26). It had
been poasible to sub-divide the microfibril structure due to changes
in distribution of the intensity maxima in the image of metal
transverse section of cortex., It was iudicated (27) from the
observations of negatively stained, ultrasonic disintegrated wool,
that tie microfibril is composed of a uumber of smaller units -
about 204° in a diameter, referred to as protofibrils (28,29, The
protofibrils are tnought to consist of molecular chain iu the form
of two or three GU~helices grouped together,

The structure of matrix which remains largely unkuown, is
considered to be a less - ordered region than the microfibril, It
is now generally accepted that the wool contains two main groups of
proteins which differ considerably in chemical composition aud

physical properties. Gur source of information ouly lies upon the
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study of electron microscope evidence, The low-sulphur proteins are
cousidered to be derived f'rom the microfibrils and the high sulphur
proteins from tie matrix, More information had bveen provided when
the denser regiouns (matrix) appeared in thin trausyerse sections of
fibres reducedand treated with heavy-metal compouuds indicating the
site of availeble sulphydryl groups (3%0,31). It had been demoustra-
ted, by the €lectrou microscope that high - sulphur proteins,
extracted from the oxidised wool by veutral buffer, originate, at
least in part, in the matrix (32) and that wool from sheep receiving
eystine supplement, show a large increase in the amount of matrix
and in the incensity of mairix 'staining', compared with wools from

the sheep on a control diet (33).

Orthocortex,

Fraser and Rogers (34, 35) observed, after methylene blue
staining, that the degree of cortical segmentation is related to
fibre diameter and not to the breed of sheep., In wool less than
25 miorons diamter, the two segments are discrete, while fibres with
e range of diameter between 2% -~ 35 microns, the demarcation is
less propounced and the orthocortex is surrounded by the paracortex
and vice versa, When the diameter of the fibres is greoater than
35 microns', segnentation is uot apparent, although there is a
tendncy for the paracorterx to occupy the periphery of the fibre,
Ahmad and Lang (36), slso usiug methylene blue stainiung - classified

the fibres together on the basils of the arrangemeut of the two sortical
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segments. A clear demarcation along the major or minor axis of the
fibres generally occurs in the fine crimpy wools, while coarser wools,
the segmentation becomes less well-defined, due to gradations in
staining of the orthocortex.

In genersl, the relative amounts of ortho aud paracortex were

found to vary between wool with the same diameter.

The Cuticle:(Figure 3)

The ocuter sheath of the fibre cousists of a layer of flattened
cells, (the scales), the edges of which overlap each other and poiuat
awny from the root end of the fibre. Wildman (37) described the
soale patterns for meny different apimal hairs, among the four main
types of wool. XKemp wools are coarse, very widely medullated fibreg
shed annually or mcore often., They are obtained from the carpet wools
and in the fleeces of many mowntain sheep. Their scale pattern is
like a regular mosaic of units often as long as they are wide,

At higher length of the staple, towards the tip, the pattern is
changed Yo an irregular mosaic with the units distinetly shorter
along the fibre axis than they are in width, In the kemp fibres,
both types of pattern 44€present, though the point of change along
the fibre may differ with breed and eaviroment.

In the cﬂf?s breed like Swaledals, or Devon Longwool, scale
pattern is like the regular mosaic fuund at the base of kemps, but

there may be short regions of the irregular mosaic with Fairly short
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scales, Very fine wool fibres have coromal scales in which a single
scale envelops the fibre, but the majority of ordinary fine wools
need two or more seales to lap the fibre;

Generally the cuticular cell is thicker at the distal en_d than
at the proximal end, and furthermore., The total thickmneas varies
ia the former case from approximately LOOOAO for Lincoin wool +to
3000°A for Merinc wool.

The individual cuticular cells are held to the fibre cortex by

interlocking process found mainly in the preximal regions of the
outicular cells, Similar features have been found between the indi-
viduel enticular cells. The cuticular layer is also stabilised in
part by an inter cellular medium which acts &s a cement between
neighbouring cells,

In contrast to the cortex, the cutiele shows little organi-
gation and contains less tyrosine but greater percentage of sulphur,
The purpose and origip(z of the euticle had been studied by many

workers, some claiming that it is iavolved in the process of separa-

* tion of the fibre from the imner root sheath, (34,33) others sugges-

ting that the cells stope downwmrd towards the root because of a

difference in growth rate between euticle and cortex, Cuticular
o

cells are not sirnplyﬂhamogeneous shell, as can be seen from the

(Fig.™) but comprise several structurally distinct layerg(epicuticle,

exocuticle, endo~cuticle and wrlayer).
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The Epicuticle:

The epicuticle having 100!.". thickness was isolated by Lindberg,
Philip and Gralen (4) by treating the wool with a solution of sodium
sulphide, and examined in Lhe electron microscope. The All.worden
reaction whieh results in the formation of liquid filled bubbles on
the faces of cells wheu fibres are immersed in aqueous chlorine
solution, was iuterpreted by Muller (84) iu terms of the epicuticle
membrane, He suggested that the ehlorine diffused through the
epicuticle and attacked the protein in the scales, ca\;ing osmotic
pressure which resulted iu the formation of the liquid filled
bubbles., Epicuticle is damaged mechanically in carding and by the
usual soap and soda scouring.

It is very diffuclt to isolate absolutely pure epicuticle fro
a wool fibre (0.1% by weight). The chemical nature of the actual
membrane itself isstill open to considerable speculatiom,

Zahn (41) assumed the presence of proteins, while other workers
suggested (42) that the membrene was made up, pr€dominantly or at
least in part, from waxes, Gralen (43) claimed = presence of

carbohydrates,

U-Layer
A very thin layer, approximately 100 Mm thick, is observed

when metal stained sectiongof wool fibres are examined in the tranc-

mission electron microscope. The layer is more heavé} stained than
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either the exo- or endo-cuticle and is continuous arocund the
periphery of the eell (44). The nabure of U-layer is still uncertain,
but it was proposed that it may contaln an exteusive system of

disuliphide linkages.

The Exocuticle:

The exocuticle layer is situated immediately adjaceut to the
O~layer and oftten occupies the complete distal end of the cell, as
jndicated in(Pig. 3 ). The exocuticle is attacked by most of the
keratinolylic agents ( 44 ) but is comparatively little attacked
by Trypsin. Dobls (44) ottributed this lack of reactivity to exten-
sive disulphide cross-linking in the structure. The approximate
size of the layer is 150 = 200 Mm. The iuerease iu density,of the
exocuticle, subsequent te 'Staining' with silver and mercury compounds,
which are oonsidered to react with sulphydryl groups, and its
solubility in keratolylic reagents suggests that the exccuticle is

keratinous in nature,

The Endo Cuticile:
4

The endo cuticle situated adjacent to the sxocuticle aud

radially nearer to the cortex, is approximately 140 - 1000a thick.
The layer is attacked by the enzyme trypsin which can remove the laye:
completely, The enzyme trypsin is kmown for its ability to break

peptide bonds, at the carbonyl ends of the amino acids arginine and
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lysine, and, therefore, it asupports the view thai large amount of
these basiwm amino acids are preseut in the endo-ecuticle. The
differences in density of the evocuticle aud eudocuticle layer
appear to vary with the type of staining compound used. When silver
or mercurj pouwpounds are employed, generall;, the exocuticle appears
more dense than ine eadocuticle, the reverse aituation occuring
when urgnyl salts or phospholungstic acid are used, The absence of
reactivity between urauyl acetate and cystine liunkages indicates

that endocuticle is probably poorly cioas-linked.

Medulla

Air filled network of membraqﬂea aituated in the centre of
many coarse wool and hair fibres are known as medulls, Whenever
undyed fibres mounted whole in liguid paraffin or glycerine are

examined in the microscope the medulls appears dark, but if very

sh%% pieces of fibre are mounted the medium enters the medulle and
the contrast almust disappears. The membrane continucus or broken
is best seen from cross sections of very coarse fibres, The nature
of medulla differs from breed to breed, Few Mohair fibres are
medullated, whereas most alpaca and Ilamg fibres contain two
channsls of medulla, The formatioca of medulla is strougly
ioherited (45,46), but it is also affected by climate and food,
Medullstion is not common in wools finer than 5098 quanlity, but
all c¢oarse wool fibres are not always medullated, It i3 interesting

to nmote that fibres which appear non-medullated in the light
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microscope often exinibit the above. -structure when exguined by
polarigzed light (47). In the extreme case of kemp fibres, the

ma jor a?tion of the crosa-sectional area is made up of medulla (48)
which coatributes the increased brittleness, giving rise to
typical fractional properties (49). Auber (50) reported that
medulla of mature fibre is composed of large “empty' cells, which
may be partially keratinised, permeated throughout by large intra -
and inter-cellular air spaces, The medulla coutiaius leas sulphur
than the rest of the cortex, although it is resistant %o attacl by
kera.t:l,ﬁnolytic reagents {(51). Stoves (52) claims tnat there is a
fine membrane, contaiuing lipid, protein and cholesterol, covering
the surface of medulle cells, while other workers (50,_55) had found

granules and white pigment in the medulla, (vide m@behiix-yfkusa)

1.1.6 Molecular Structure of Wool Keratin

1.1.7.%  Structural ikodels of Q~Keratin

It is now generally acoepted that g-helix suggested by
Pauling and Corey (54,55) which bhey—expressad the—beliefthat a
spiral configuration of the polypeptide chain was present in 7 &)
Grkeratine, O~helix struoture is based on a trans=planer smide
group and ocontaining 3.6 amino acid residue per turn, forms the
basic Structural Unit of keratin, Confirmation of the strusture of
the G~helix was obtained directly from x-ray diffraction studies

i . . .
- L [
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of synthetie polypeptides, particularly poly-d-methyl-L-glutamate
(56,57) and poly-¥-benzyl-l~glutamate (57,58,59). The work of
Kendrew (60,61,62) on myoglobin provided not oniy direet proe§ of
the existence of the O~helices in protein but showed also that the
length of the helioal segments does vary depending upon the amino
acid side-chain reaction. (Fig. 5,6).

Q~helix embraces two distinet structures which fer L-amina
acids involve ﬁoiliug eitner into a right-handed helix, oorresponding
to P-carbon atom,
| The earliest model of g~keratin atructure based on the orhelix
was that of Pavling and Corey (55), who suggested that G-keratin
oontained O-helices packed in pseudo~hexagonal array. The Pauling
and Corey's proposed model is based on the following parameters:-

(i) each amiuo group is planar, to account for the resonance

of the doubie bond in the peptide link, witnh the €=0
and N-H groups in the trans-configuratioan,
This is tousidered the wost stsble configuration sinece any departurc
by more than ten degrees from the planer coantfiguration would result
in instability (54,55) |
(ii) A1l amiuo acid residues are equivalent axcept foﬁ
side chain differences,
(111) A hydrogen bond system is formed between C=0 and N-H

Er'0UD .



o §; ,11 08 X =liclix; lei't=honded (lef't) and rigntenonded

\Tht)e 411 residucs sxc L esrine acids (Rcf.Si‘y.
Corey,R.@. C1938). 3 Am thew. Soc. 6o isqy
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Two hydrogen bonded spiral polypeptide chain were
proposed on the basis of the above parameters, (&) the a-belisr
(62) comprised of 3,7 residues per turn and (b) thg?helix of 5,1
residues per turn, consii?ed representative of super—~contracted
keratin, The pitch of the @ -helica) configuration is 5.44 and the
rise per residue ig due to inter chain hydrogen bonmds lying parallel

to the axis between the -NH and =C=0 of adjacent turna. {Fig, 7)

The Coiled Coil

A colled-coil system proposed by Pauling apd Corey (55)
wag based upon repeating sequences of geven apino acid residues
forming major helices, with either 1904 or 40CA pitch, Two types
of super-coils were suggested: a "three~strand" rope consisting of
three helices, with 1904 repeat, amd a "geven-strand" cable formed
by oix, 4004 pitch helices surrounding a single "straight" a-helix
to give a "rope" of diageter about 30A, (Fig. 8,9), Although this

# wool model accounts for several features of the xz-ray

phobograph of o-keratin and giveas reasonably goed co-relation
between observed and calculated densities, it do;s not explain the
low—angle equatorial reflections ampd, furthermore, contradiets the
electron micruscope evidence,

A digoontinuity in & coiled coil system should not be ruled

out due to complex side~chain interaction. Moat of the evidence
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obtained from protein solution studies, infra-red methods (3 , 64,
65,66) and amino acid analysis ( 67 ) showed that the formation of
helipal peptides was not favoured by the sequences including the
amino acids which have hetero-atom attached to the pg-ecarbon atom,
0+8+, serine, threonine, cysteine and proline, and those which
branch at B-carbon atom, (Valine and isolevcine) Zimilarly, the
anine acids with large gide chains such as aspartic acid, phenylala~

mine, have a tendency to disorupt the helix confomation,

B Keratin

liost establisned coufigurations of P~keratin ore two which
satiafy Pauling and Corey's crétiré; for stability, an anti parallel
chain pleatedja?é%.oaﬂ, and a parallel chain pleated sheet, with a
repeat of 6,504 (Fig.6) €8).

The most detaigémformation on the p-struectures in keratin,
originally reported by Astbury and Street (69,70) in stretched hair
and woocl, has been obtained from specimens oxtended aud pressed in
steam, showing double orieantation, namely, with the "side-chains
spacing, normal to the plane of flat¥ening, and the "back-bone
spauing' parallel to this plane. Fraser and Macrac (71) re-investi-
gated the X=ray diffraction data obtained by Astbury and Sisson (70},
using stretched and pressed horse halr, and concluded that a mixture

of both parallel and anti parallel chains arc present in keratin,

It was consgidered most likely that the chaln direction would, to a

ok
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certain extent, be pre-determined, since the chains in any one
wBegrystallite could be considered to originate from the same

"mierofitbr.il",

a- B T ransformation.

Mamnry
Muekh details have beeun obtained regarding the fine structural

organization of wool duriug the dimen$icnal and crystallographic
modification {1, 3, 7%t). 4 characteristic x~ray diffraction pettern
of the g~type obtained from the virgin wool fibres, is transformed
into the B-configuration (74) after stretching up to 10 percent in
water, at 200{3, or even {20 percent, in steam. The transformation
is reversible at low temperature, although a weskening of the (Fltg H)_
meridional reflections become evident (75), but at higher temperature
{above 400) irreversible modifigation of the structure occurs.
Skertchly and Woods (78,77), using Geiger counter diffractometer
technique, have indicated that the molecules in the B=-configuration
may be detected at about 5 percent, or even lower extensions, gnd
that the transformation is not complete until 100% extensious,

Bendit (78,79,80) proposed, on the basis of disappearance of
typical G~pattem and emergence of Prreflection, an iniermediate
phase iu the ftransition. He suggested that the c~helices are first
stretched into a more "random coufiguration", whilst pP-material
formed in the early stages origiuates from the presence of (Fig 1)

"non-erystalline" material. Skertchly and Woods (77} recognised
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the presence of au intermediate (B') phase, appeared to reach

maximum at 50 percent extension, but suggested that, since the

B~ phase is merely indicative of an intermediate astate of organiszation,
the idea of "non=-crystallice" material transformed {to the
P-configuration was unneceszary,

In order io explain the molecular transformation process,
Purner and Woods (8%) assume that the amount of g-material present
at gero percent extension is approximately the same as the amount of
P=material preseut at 4100 percent extension. Though this assumption
seems to be justified for a system of long moleocular chains, but
such a simple relationship may not necessarily apply to the complex
structurs in keratin., | |

There is little information available about the fat of

microfibril Aduring the coarse of the o~P transition.
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2.0

AMINOG ACID COMPOSITION

4 conaiderable amount of informtion is available concerning
the aminc acid composition of different wools. Table 2.1 (1,2).

VMany peptides in wool hydrolysates heve been identified
and their oomposition e statlished. (3,4). Simmonds (5) used
manual chromatographic methods te analyse hydrolysates of
Merino wool derlved from different streins of animals. No
simnificant differences could be demonstrated betwsen the
analyses of wool from different sites on the asme animal.
Tyrosine was the only amiho ecid showing significant variation
between strains, Simmonds (6) also investigated the amino acid
oomposition of two Merino wools having similar diameters but
different number of crimps per inch. He observed that proline
was the only amino acid which showed significent differences
between the two types of weel. That result contradicts the
hypothesis that the amount of proline in a given wool is related
to the ratio of para and ortho cortex. Syman (7}, on the other
hand, supporting the latter hypothesis, reports that high crimp
wools contain & greater preportion of pars cortex and a higher
sulphur content than low erimp wools. For the sake of
comparlsion, the amino acid analyses of fibres from different
breeds of sheep and different species of animal are given in
table (2.2 ). These results mey indiocate a difference
between breeds and species ‘Bu-t cennot be regarded as statistically

28
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significant due to the non~gpecific nature of the analyses.

The amino agid composition of human hair prequires special
attention as it shows the greatest variation from mean valuea.

It is richer in oystine and proline but powrer in alanine,
leucine, tyrosine, phenylelenine, glutamic and aspartic acids,
lysine and arginine. This difference might be due to 2 high
sulphur content as human hair is known to heve a higher matrix
content than most wool fibres. This also supports the suggestion
of Dusenbury and Men Kart (8) thet huren hair conteins only para
corticel cells. Rogers and Fuilshie (9) found a higher proportion
of metrix in pars ~ than in ortho -~ cortical cells.

Many workers have reported the effeot of the diet of the
sheep on the diameter and cystine content of the wool produced.
Bonsmes(10) found that the sulphur content oflthe wool of veld:
sheep varied along the staple, the root sections which are
produced under goe grazing conditions beaing higher in sulphur
than the niddle sestions which were produced during leon grazing.
A sheep fed on maize showed no such differences in sulphur content.
Unlike Bosme, Ross (11) found that wool grown in New Zealand
during periods of high production contained less sulphur than
that grown during the lean grazing period. He suggested that
weathering does not alter the total sulphur content of the fibre,
although some cystine is cqferted to cysteic acid as a result of

weathering,.
]
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Due to non=uniform studies in the field there are cohe
flioting reports by the workers. It is necessary to use controlled
diets to obtain more satisfactery reaults in nutritional studies.
For exanple, Meker (12) observed that by supplemsntingthe diet
of sheep with sodium sulphate, the cystine, tyrosine, and
phenylalanine contents of the wool were inoreased and the
glutamie acid, aspartic acid, valine, leucine, and iso-leucine con-
torts were decreased. 4 sulphur rich diet produced wool, longer,
atronger, and greater in diameter than wool from the control
group of sheeps. It had been reported by Burley and Horden {13)
that a oopper dfficient diet produced fibres containing a lower
percentage of cystine. The introduction of cyatine directly in
the abomasum of the sheep caused a marked inecrease in wool
produc tion and in the sulphur ccntent of the wool, (14)

Simmonds (15) aslsc suggests that merinc wool from a single
sheep is jidentical at all sites of proguction, but there are
significant differences of composition in wool samples from
different sheep of the same strain.

From a atructural point of view it is important to discover
whether or not a protein with the composition of that in
table (2.3 ), could exist in an {~ helical form. It has been
recognised for some time that certain amino acids are not
compatible with th90<; helix structure, In particular proline
mist produce considerable distortion. Lindley (15), howcver

has pointed out that in conjuncotion with other residues it is
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possible for proline to change the sense of the helix fronm

right=handed to left handed. From a study of the proline and

helix contents of some soluble K.M.E.F. proteins, Szent JGyorgi
and Coren (16), have advanced the generalisation that
(a) three percent residues of proline
rendomly distributed allow 50% of the
protein to form 2 helix, and
(b) eight percent residues of proline deforms the
protein chain into e random ccil. The most
recent estimation of the helix content of J\—u

feratin are about LO% by - X ray diffraction (17)
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2.1 PREPARATION OF WOOL SAMPLES AND HYDROLYSIS PROCEDURE

A quantity of about 20 g of Merino, Cross (5/8+3/8 Yankasa)

and pure Yankasa, Wensleydale and Balauchi wools were tipped by
cutting off the top third of each lock of fibres to remove wool
degraded by weathering. The root wool was axtra:ted 4O times

with diethyl ether, cleaned and then 4O times with absolute
alcohol in the soxhlet apparatus. The extracted wool was
cleaned By hemds and then washed with distilled water (8 times)
The clean wool was dried by the centrifuge and then finally
pressed in between filter papers. Adhering vegetable matter (burr)
was removed by combing the locks through fingers. The locks were
drawn out by hand into slivers gilled into one long sliver and
chopped into pieces. Finally the wool was stimred with distilled
water and the water was decanted.

The washing procedure was repeated eight times and the wool
was dried. The sample was stored in stoppered bottles in the
dark.

Before use, a bottle was unstoppered and the wool was
conditioned for a week in & humidity of 65-67% (in the atmosphere
of saturated solution of ammonium nitrate).

Every time a sample was taken for the analysis, a similar

sample was removed for moisture content determination.
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FREP/RATION OF HYDROLYSATE

In preparation for the amino acid analysis, ssmples of
wools (0.25g) were acourately weighed and then hydrolysed for
48 hours in HC1 (10 ij, 5.7 N HC1) under veflux. To calculate
the dry weight of the wool, similar samples were weighed and
dried to constant weight at 105°C to determine moisture contents.
After refluxing, the acidic solution was filtered to remove the
hunin produced during hydrolysis and then HCl was removed in
vasum using a rotery evaporator which opereted in oconjunction
with a water bath held at 35°C. The residus {after removal
of HC1) was treated thrice with distilled water whioh was
removed by rotary evaporator. Finally the residus was

dissolved in 25 ij water of which 0.1 ij was ussd for

analysia.
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AMINO _ACID ANALYSIS

Samples of hydrolysates (O0.1cm.”) with the addition of
0.2 M moles norleucine, were xun on the TECHNICON MODEL NCI
Amino Acid Analyser, using hydrazine ninhydrin reagent. The
flow diagram of the Techniccen fnalyser is given on page 35.

The emino acids were scparated by gradient elutions on
an ion=exchange# column. The eluted amino acids were treated
with ninhydrin solution and the colour produced was measure
at 570 /um. Proline is an exception, the coloured complex

of this amino acid with nin-hydrine was at 340 Am.

Norleucine was used as an intemal standerd and the
determination of colour yield of the cther amino acids relative
to nor-leucine enabled quantitiative analysis to be carried

outs
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Sample weights Colour faators
(corrected for moisture (Hydrazine - ninhydrin reagent,
but not for ash oontents

Asp 1.048

No. 1  0.39L mg Thr 1,022

- e 0. 439 | Ser. 0.989
C 3 0w37 Glu.  4.619
| 4. Oa li Pro. 2.40
5  Ouyi2 Gly. 1,158
hla. 1.091

Val, 1.003

/umoles amino acid Gysz 1.598
= Area of amino acid peak Met 1.111
Area of norleucine peak Tle. 1.008

% colour factor x 0.2 Lau. 1,014
Tyr. 1011

Phe. 1.033

(0.2 41s number of amoles of Lys 0.889

intemal norleucitie standard)
Hig. 0.880

Lrg. 0.9%2
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Table 2 - B

VARTOUS

AMINO ACID ANALYSES: WOOL BY
AUTHORS. (MERINO 64'4)

N as % Total N of woel

Amino { Present| Simmonds Corfield etal.| Graham etal.,
apid work

Asp. 5.66 he2l Le 3B haT
Thr. 6.02 L6l 5442 5.8
Ser. 10.12 7.25 B.66 -
Glu. S0 8.58 8.48 9.2
Prol. 6.63 5.33 5405 6.1
Gly- 6478 5.80 6429 -
Ala. L.79 3.5 heo12 -
Val. 5430 3.57 416 L.2
Cys, 9.89 7493 7.30 9.9
Met. 0.30 0.39 0432 Ok
Ile. 2.6, 1.97 2ol 3.0
Leu. 6440 4.90 5.85 5.3
Tyr. 3415 2.97 2.62 2,7
 Phe. 2.12 1.75 2,12 2.1
Lys. 5.06 3.25 3.92 349
His. 1.22 1.46 1.9 1.8
Arg. 18.75 20.3 19.1 21 .1
Typ. 173 0.82 -

36
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DISCUSSTON

The main difference between results ocbtained in the
present investigation and those obtained by Brad.bary et.al./
and @rf‘iel& ete. may be accounted for the more severe
hydroly$is conditions empleyed in the preparation of the
samples. It is well known, for inatance, that the release
of valine and isoleloine from pepti-des is slow, whif,
serine undergtf decompositions during hydrolysis(18).
Therefore, variations in the amine acid analysis of
similar samples are to be expected. Furthermors, the
results of any investigetion are acourate to not iess than 5%
when the auto-analysis is used.
The comparisfon of three wools, Merino, Cross, and
Yankasa (Local) is given on page (37 ). The caleulations
and results of amino acid anelysis by different euthors are
given on poage (36) on subsequent peges for the sake
comparision. Table (2‘1) glves the percentage of nitrogen
from total nitrogen of the wool.

Table (%+3 gives the amino acid composition of animal

fibrea derived from various strains of sheep and species (19).
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WORK _TO__ SUREICH

3.1. IILRODUGRION,
During the past five decades, & considerable amount of vork on th

rclationship between the mechanical, physical and chemical propertics
of wool has been carricd out primsrily on the basis of tho funlapental
concepts put forth by Speckmen as carly =s 1926 (1,2),

Due to the vory complex anl heterogencous nature of the structure
of wool, and the incomplete knowledge of the interactions ol proteins.
the exaet nature of the relationship betwucen these propertivs is atill
not fully uxicrstood, However, such stulics have en fruitful in
helping to explain details of fibre structurv and in providing
informztion of considereble practieal importance in wool rescarch ongd
industry,

The well-known stress-strain characteristies of wool fibres,
vhich bceome evident under suitablc conditions, arc Zeduwced from lond-
oxtension curves . which demonstratc thive distinet phnscs:

(1) an initindl region {rom zoro to cbout 2 percent which

obcys Hook's Law;

(41) a yicld rcgion, in which a2 sunll inervase in the stiv. -
results in a large increasc in strain, ranging froaw 2 %o
30 percent, followed by

(111) a post-yicld region, up to 70 perecesi, in which th
incrcesing stress required to produce a given inercase
in strain is greator than in the yicld region and vhere

resistance to extension deercases just before tho {ibns
43
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the—+fibrc breaks,

Shorter (3) showed thet porfeet elesticity of thc Cibre was
invariebly maintained when wool fibres sere stietched cven as nucit ©5
70 perecent, in either air or in cold gcter, ond Theon relensed in col?
water. Howover, upon subscquent opplication ol lend, the resistance
to oxtension was reduced to o degreo depenient on the indtial
extension and the time taken to achicwve it, thus indicating sauc
form of irrovorsible damage (4).

Hwiovor, when extonsion not oxeceding 30 percent was carsicd out
repidly, in viater at room tewmperatucc, the load-cxteusion curve was
roproduccable, iff the fibres was reloxed for seversl hours in water,
indicating that permancnt damage ves nogligible (5),

Such reversibility lcd to the development of a scensitive
'mechano-chenical! method for stulying changes in Cibres subjeet Lo
chenical and physicel trcatment (6).

The extension of single {idres under load had beon studiod by
Harison (7), Karger ond Schmidt (8), Shortcr (9), Astbury and Woods
(10), and espoecially by Speakman (11,12,13), vhouse work hos becons Hie
bazais of scverel uethods extensively uscd in modern wvool rescarch to
reveal changes, following thue treatment of wool with particulry
reagents,

The £ibre shows & considerable amount of ¢lastie hysteresis an’
YWO represcnts the curve obtained during unloading at o constant 1ai

after the fibre has been stretched tc 20 porcemt cxtonsion (Mdmsd),
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The load oxtension curve up to 20 porcont extension oblained
when the fibre is immersed in water st 22%C provides us with a
calibration for the fibrm, The elfeet of n chomical trcutrent on tih.
oxbtensibility and reversibility can thus boe zassesscd in terms of
rolative work ncocssary to strotch fibre 20 poreent cxiemsion hofore
and after oxtonsion,

So far, it has aot heen possible to oxplain fully the forn of
the load-extension curve fras citheor experimeintal or tncoreticel
trcatmonts, The early work of Astbury and Woods (10) dealing vith
the analysis of x-ray diffraction pettorns of aniual fibres before
and af'tor stretching, setting and super—corbraction, abtributed
tho: atress=strain characteristio to un unfoliing of chains in non-
erystalline and crystalline regions, It was proposed thot o extent
a shole fibre to 25 perecent affected only tiw Tinbemaicollar' and

"Tnon~orystallins! regions: the cell wall would extend up to 50 to 60
bereent in a swelling agent; and the micellar region would produce a
final cxtension of 100 perecent under soveral conditions, The uodel
assuncd an easy unfolding of !noneerystalling' regions of the fibie.
the shoulder of the load~extension cuirve oceurving when chnrdas in
tho crystelline regions, whioh has gieater rosistanee to defformation
arc unfolded, The nodel was hased on the obscrvation that whon a
fibre was stretched, the characteristic of, ~patitern decreascd in
intensity with a simultancous appearsance of nﬁ ~patborn, similar

to that produced by unstretohed s$ilk, wliich inereased in sharpncss
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and intensity as strain, temperature, and Uime under stress increased,
Virtually, noﬂ —pattern was observed wnil the [ibre had been
stretohed at least 20 percent, However, it was later shown by Hendit
(11,12) that the -pa{em begins to discppesr, und theﬂ ~puttern
spacings begin to appear, when the /iLre is eitended as little as

5 percent, the intensity ol thovc ~pattern decreasiug suoothly and
continuously and the 5 ~pattern incrersing until the {'ibre biecks,

In view of these findings, confirmed Ly Skertchly and Woals
(13), and the present stete of kaowledge of the Jine structuve o the
wool fibre, revised models for explaining the stress-strain charactei~
istios have been proposed,

Skertehly and Woods proposed that Lhe ecuntoriel scatter of
x-rays by wool fibres, after various cxtensions up to 60 percen: in
water, are the result of & continuous trausformation {rom
o:ysta]line&-kﬂmtin to erystalline ﬁ ~keratin., hey ‘urthoer
proposed that ihere exists an intemmedizte stute (3,)’ in which the
keratin is not sufliciently well-orxdered to coniribute to certnin
equatorial peaks, It has been expleined that the diflereuces ia t'n
three stotes are due to differences in luternl eposs-linking, in
parallel, between the transformable units, The loosely eross-linked
units transform independently, and the clocely cross—linked units

together
trensforms/this frection bein; in eithes the orystalline oL -0r

B -state.
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Henoe, at low and high sxtensions, where the majority of units
are units of eitherd(:-or ﬁ-—-, the probability of an extended region
being 'orystalline! is high, while ¢4 intermediate extensions, when
0(/— and, ﬁ- are preseut in comparable mumbers, the probability of
combination over an ¢xpended region to give 2 'orystalline!
atructure is much lower,

Skertehly (412) has proposed that the microlibrils transform
between the crystalline 0(;" :'de; ~phases, while the matrix, an
initially disordered 'non—orystalline' phase; tends to sssume o
state of greater order., Tt means the matrix acts independently and
in parellel, The residual stress at hipgh extensions (post-yield
region) is atbributed to deformation of the watrix. Cross-linking
between the miprofibril and the matrix iz not considered to take
place ns it would disturb the coninucus of ~ 6~transformtion.

Bendit (17a), however, was not able Lo reconcile the idea of u
molecular.{ ~ [4 -transformation with the lack of inter-connection
between the intensity changes of the characteristic equatorial reiln
tions. Rather, he believes that the o(,—-cryutf'u.llirm phasce first goes
inte a wore random configuration when the assembly ofo{, ~heliees are
distorted by stretehing, The 'erystulline' phinse changes and 'melta’
and a cress-linked 'liquid’ phase Cevelops, indistinguishable from
the non—grystalline meterisl present in the cortex, Further, at
high exkensions, these two regions would contribute to the totul

}S-ma’cerials produced ,



)
R P
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Hence, under certain conditions of temperature, humidity, eto, it is
possible to envisage the disruption of‘a(f-mteri:.l without its
transformation into 8 -material which will be formed from the initiall:
'non-orystalline' material, The concept of a 'melt' phase mckes the
o('- B—trunsformation a random event, a proposition rejected by
Skertohly and 7Toods (14).

In recent years, the work of Feughelman has becen an enormcus
stimulus to interest in mechanical models for wool, Originally, =2
two phase model was proposed (15), The crystalline microfibrils were
conceived to have a high modulus (compared to matrix) und to provide
the major extensional stability of the fibre, On the other hand, they
were not expeoted to contribute much to the torsional modulus which
would depend more heavily on the soft mutrix, i’hen dry, the molulii
of these two components were taken to be the same, since hydrogen
bonding would stabilize both, This m alel ugrees roushly with the
cbasyrved morphology and zives qualitatively the right explanations (i
several experimental observations, “hen the fibre is extended in
water, the M-zones (lightly oross-linked) in the matrix allow the
microfibrils (aligned helices), (Figure!2) - alongside to be extond.od
with little opposition, X-zoms open when the fibre is expended into
the yield region, The ’-—zones (heavily cross-linked) in the watrix
opposé extension and are responsible for the inerease of stress
opposing extension of the fibre in the post yield region, The stros:

increase is time dependent and is considered to be due to the presenc
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of very viscous' material in the Y-—zones, due to the assumed high
density of disulphide groups and entanglement,

An alternative approach favoured by Feughselman (16) rogards the
microfivrils as having alternating ¥ andy zones in sories, the o, - B
holices of which differ in mechanical stability, During the yield.
region extension of the fibre in weter, 4he low - stability x zones
open up urder constant stress,

A model proposed by Munakata {20) based on microfibrils of the
order of 60A° width oomposed of Pauling and Corey 4B6 cables has
little relevance since the mierofibril is of the order of 754 and
there is no evidence For an AB6 sanle in keratin,

Purthormore, the model of Crewther and Dowling (21) suggests tiot
microfibrils conasist mainly of o<_—-he1ics linked to each other and to
the matrix by disulphide, and acid - labile covalent dbonds, The motrix
is considered to consist of globular ' protein molecules with an
ordered structure stabilized by intra - chein disulphide bonds and
linked to similar molecules or to the microfibrils by a few inter—chyin
disulphide bonds and hydrogen bonds, The matrix is considexred to
exhibit 'plastic' flow rather than elastic properties and its viscosity
is belisved to be determined by the »ate of thiol - disulphide
interchange when stressed, and by a nurber of intra-molesular hydrogen
bonds, The resistance of wool to protease attack, despite the lurge
amounts of water absorbed by the matrix may be explained by this

model .
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The ooncej?b of a non-contractile matrix, in the Crowther and
Dewling model, ean be eritiolsed, ou the basis of clectron microscope
and x~roy studies of supercontracted Cibres. No apparent twisting
of fibrillar elements was cbserved in cortical material (1 3, 23) and
the x=ray diffraction pattern siowed marked disorientation of o{or ﬁ
structures in the fibres attributed to the contraction of the matrix,
Further, the Crewther and Dowling model appears to neglect the known
fine structure of o('—-keratin singe the contractils mierofibrils are
congidered as an array of parallel o(--helices. Feughelman (24)
revised his view about the origin of the ¥~ ani y~zoms. The two
regions of differing mechanical stability weve considered to exist in
the matrix alongside the orystalline mierofibrils,

T he X—»zones, on extension, allcw the adjacent connection betaeen

' the Xandy zores in the matrix, ThC‘X—ZOI}BB were considered te e
the regions of slight oross-linking amd the y-zcmes of hoavfy oTO8 5
linking, This model helps in explaining the behaviour of wool on
axtension af'ter supercontraction anl swelling,

Contrary to the Feughelman hypothesis, another model was preseatod
by E, Menefee (25) which holps in clueidating the mechanical properties
of wool. llenefee suggestas that the {ibrv combains two axially
parallel parts (d.) a nlerofibril made up largely of low stability
0(. ~helices and($imatrix consisting of arrangesents of high stability
J\, -keratin shains and amorphous protein partly exbended in an axial

direotion, In his wmodel, the ma%rix has & modulus conaiderably highey
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than that of the microfibrils. On extension, B -keratin may
originate from both the {—chaina and the amorphous chains, Due to
the high modulus attributed to the matrix, the {ibee structure appeils
to correspond mechanically to a honeycomb, ot least .ith respect to
the tensile properties. In compression, tiic miorofibrils exhibit -
high modulus, so fhat the camposite structure also has some feature:s
of pre-strussed oonorcte with the mierofibrrils assuming the role of .
the high compression - modulus cement and the matrix that of high
tenaile modulus ocable.

- This model fails to explain the formation of extended matrix
whioh is cbtained dwuring extension,
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EXPERIMEINT AL

Je2a1

Three qualities of wool, Nigerian ierino 64, cross (; Herino +
# Yanknsa and pure Yankasa wools werc used, The wool tips and roots
were out) followcd by successive extraction in ethor and absolute
aloohol, each extraction providing 40 syphonings at the soxhlet
reservoir, After extraction, the dirt and grease were removed by
hand and the wool finally washed eight times in a large quantity oo
distilled water to remove aleohol, The purificd and clean wool was
dried with filter paper and kept in a desiceator containing = saturated
aqueous solution of aamonium nitrate to give a relative humidity of
65% as near to 239¢ as possible., In nearly two weecks time the fibres
attained equilibrium,

-

34242 JMPrHODS

The selcoted fibre was mounted on a cardboard frame with seliobop
and kept again inside the desioccator "or a week for conditioning, /2
gauge length of 2om was used and a rate of elomgation an? recovery -
100%/minute throughout the experiment, The fibre was then immersed in
the desired solution for the selected time - throughout at room
temperature and gonstant room RH, (65% ¢ I) maintaining some slack

in the {'ibre so as not to inhibit swelling,
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In order %o study the effeoct of temperature upon e¢lastic pro-
perties, the fibres werc kept (a) in ice at 0% (b) in water at 2200(9
in hot water at 90°%C, The effect of humidity was studied by extonding
dry fibre kept in absolutely dry glyoerol for four days at room
temperaturc, It was extended furthor at R, 65% and in wator (ligquid
wator) to maintain 100% RH (approximately.).

The fibrc was then extendsd 20 based upon the gauge length in
the swollen gondition at a2 rate of 100%/minute. The oross head was
rveversed imediately and brought back to tho initial position at &
speed of 2 in/min.

In order to obtain the load-extension curve of singlo fibro
immersed in a liquid, a special adapter was constructed for the

(vidi Poge S4)
IN3IRON;~ The adapber permitted stroining the fibre while completely
surrounded by the liquid in tho polythens beasker, The solutions of
zine chlordde (M/3), cobalt chloride {}/3), wamganese ohloride (M/3)
and nickel chloride (M/3) wore filled turn by turn in the polythene
beaker and the fibres were extended inside these solutions.

Two other temperature, 0°& and 90°C besides room temperature
(2200) were used, In case of zero temperature the polythene beaker
wag filled with ice oold water with thermometer inserted in it to
record and maintain the temperature constant. After the experimont,
the oold water was removed through tho tap fixed at the bottom of the
beaker and boiling water was add and the experiment was repeated ab
0. S apht i Fup? & em?.:....y.ﬁ S I S| SO ’“‘“’1

O Ipnd PIM, spband  Saow (OH i f
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In another set of cxperiments the fibreo was exXtended av room
temperature in air in a constant hunidity room,

To study breaking point, the fibre was extended in air with o
constant rate of logding, &t the point of break, the Instron's pen
traced a horizontal line ard came to a position of rest., From the

chart, the stress at the breaking point was read., The time for breal-
ing and the peracntage extenaion were also calculated at the breaking
time (vide Table 3-8)
Chemicals,

All the rcagents and chemicals, used were of AR, quality through-
out, The solutions were made in CO» frec distilled waber snd the

conoentrations are expressed either percent ("/ v) or in molarity.

34243 .. THE INSTRON TENSILE T 23T ING INST RUMEND

The Instron is a Textile tester which uses the bonded-wire typo
of strain gauge. A& general view of the tabls model is seen in Flgurs
(&=

In order to accomodate a wide variety of specimens, several
interehangeable load gells containing the strain gauges are usod, In
this way a .range from 2 to0 100,000 g is possible., The lcad cell is
looated centrally in the fixed crosshead, The upper Jaw is suspendel
from the oell {tlirough a universal coupling., The lower jaw is mounted
on the traversing orosshead which is driven upwards and downwsrds by

sorewed rods on cach side,
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A range of geor ohanges cnables the aspeed of cross head, i.e. the rate
of' extension of the apegimen, to be varied in steps from 0,02 to 50in/
min.. on the bottom panel of the erosshead assembly the conbrols which
governs the movement of the crosshead can boe seen,

The lead oell output is fed by cable to tiie comtrol cabinet which
houses the various sleectronie cireuits =il o pen recording ;:quipr.wntﬂ
The main controls {for load range scleotivn, eclibration, cte,, are
mounted on tho {ront pancl below the recording chart,

The load weighing system: The load cell consists of a grid of
very Tine wire bonded to the surface of the beam, Four strain gauses
are used and are comnected in the form of & Wheetstone bridge, cach
gauge having o nominal resistance of 120 . The blockfircuit diagram,
sézlﬁnf:? d shows a simplified picture of the method of conmverting the
unbalancing of the bridge inmbto a reoord of the behaviour of the speci-
men under loed,

The Vheatstone bridge net work of strain gauge in the load cell
is exoited from an osoillator at a frequency of 375 /s, The
amplitude of this oseillator is stabilised at a constant valus by a
ssperate oircuit, 4n applied load on the cell changes the rusistanas
balance of the bridge and the rusulbing signel is amplified by a civcv?’
which alsc includes means of initially balancing the bridge,

The gain of the amplifier can be varisd in steps by & load selar’
switoh, and a calibration control can alsc vary the senaitivity

continuously between arny of these steps, A zero button shoris out
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the input to the following amplifier so that the zsro position of
the recorder may be ndjusted without the presence of arny load cell
signals,

The signal 1is further ampiified and then roctified by a ecircuit
whtich includes the zero adjustment of the reosrder.

Prom this last circult the output is a de. signel which is fed
to the potentiometer t{ype of recorder, where it is compared elcotrioc-
ally with the voltage across a belaocing slide wire. Any unbalance
between the two voltages comeerted by = vibrator into a 60 ¢/s a,c,
signal and amplified to opcrate the pen driver motor, which simulta-
neously moves the pen and also the slidewdre shaft uhtil the recorder
is again in balance,

Hence, the effoct of extending the specimen is to causze the pen
to move aoross thoe chart a distaace proportional to the tensile lorce
in the specimen, By moving the chart ssmultaneously a load-elongation
curve is traced,

The instron is a versatile instrument which even in standard

form can be used for many types of tust,
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Load=-Extcnsion

Disoussion

The discussion is divided into five scotions,

323¢1 Work to stretoh to 204 extonsion

(a) BEffect of time inside water

(»)

The work to stretch 20 falls slowly with time as
the fibre is kept inside the wetor,

Vide dHpr .. 0UANG, 20,24 Q0. RA88. BJeitiiiiiirens
It will be seen, that in genoral the rfibre may Le stretocied
readily and to a groater oxtent as the moisture comtent of
the wool is inorcased,{27® Thore is opening of moxo
hydirogen bonds as time passes, Tho recovery work also
falls with time whore tle phenomena of setting and super
contraction is more predominant. (\30,31,32),

Effcet of tomperature in Tater

e oS
The work to stretch ierino wool up to 204 iRexeascs

" . O .
as the tenperature of water inereases from geroc ¢ to 90”0,

The rosults are as under:
" ]
0% 7 220) 90°¢

46,8 gide n

el . - A
L N

Limiting stress of Hooke's law region is nlso found

- - e o
£ 10—2> 1"209 \ '.2- F ! _f‘ M f; "j ‘Tflv\

tc decrease continucusly as the extensibility increases,
the shoulder of the curve becomdng loss definmite, The
sharpness and intensity of the ﬁ-—pattem inorcases with

strain, temperaturc and with timc, (”::3" 27,23 '29) R



160

140
1

120
1

100
!

work to stretch 20°% per square Cm area

X

10

TTIDTr™\

Graph (% (CURVE)

RELATIONSHIP BETWEEN WET STRENGTH OF FIBRE
WOOL FIBRE AND HALF CYSTEINS CONTENT

wOOoL WORK TO STRETCH

MERINO  10° X 133. 2

CROSS 103 x 1187

3

YANKASA 07 X 5 4

.
WENSLEYDAE 00X 1087

80

90 100 110
)5 Cystein Rcsiduc/ 10009




(o)

(a)

58

Hence increasing the tecmperature has a similar effeoct .
as that of humidity on thc shape of the load-extension curve,
and tikes the fibre easier to stretch, 6t elevated
temperature, strussed disulphide bonds are essentially easier
to break, These disulphide bonds are reformed in equilibrium
with the extended state, On releasec, there is a lower
tendency for the fibre to return to its original state,(®

Effect of humidity

The work to streteh 207 for a dry fibre was as high as
1.05 gd.en"" and decreased with the increase of humidity,

It is generally acocptod that the fibre @F may ix
stretohed more recadily and to a grecater extent as the
moisture content of wool is immas:.-d‘.;);.s the wator comtent
of the fibre increases {rom absolutc dryness to saturation,
the entire ourve is inelined towamis extension and the load
at Hookean stress is reduced to its lowest value., In a dry
fibre, the offeot of disulphide bond rupture is either very
small or not apparent, In wet fibres, the microfiorils
bear most of the breaking stress, whercas at lower relative
humidity, the matrix bcars a significant part of the
breaking stress,

Effect of H C1 (0,2M) at 22%

The work to stretch 205 of the fibre gradually
docrcases with time until it reachos 0,189 g den™ after 24

h"Jura ™
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There is ome point to note, that the work to struteh tho
fibre inside water and imside Il Cl for five minutes ave
very close (0,872 and 0,765). It is ovident that tic
complete opening of hydrogen bonds and the unfoldinzg of
disulphide bonds are not possible withiin five minutes.
Hevertheless, as time passes, thore is a vast difference
in their values,

Table.3.1 Work to stretch: g don™ £107° ( "‘“"Q“Va)

T ime Water H Cl.
5 7945 87.0
10 42.9 42,0
60 - 32,0
180 25,00 -
1440 23,8 18.9

A possible explanation of these effeets is that the
variablec nature of bonds broa<ing duc to differcnce in
penetration along the fibre. Breakdown of saft links, a
relatively slow process may be contribut-ry to this,

If a mechanical mode¢l {or the fibre is assumed, where
the mochanieal behaviour in the yicld region is producsd by
the microfibrils, while the behaviour in the post yield
region is due to a combingtion of miecrofibrils anl some other

component (matrix?) then the similar absolute decrvases in
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the stress values in both regions would indicate that the
mechanioal effect of bond brvakdovin is restricted to thc
breaking produced in the microsibrils, Because of tho

rapid changes f'rom the yicld rezion €0 the post yield recgion
found for both wator and H Cl, tho behaviour appears to it
bost the Foughelman zone model (15 juherv sudden structural
changes arc predicted f'or the post yiceld region,

(¢) Thioglycollic acid,

The effect of thioglycollic acid scems to be wory wild
as there is not much difference in the walue of work to
streteh the fibro in water end in the acid (vide #aha.Qs4)
Due to the short time troatment (10 minutes) and at
teuperature 229, the reagent is not effoctive,

Thae reaction with TGA requiros many hours to reach tho
oquilibrium state, The extent of resction is markedly
affocted by the concentration of TGL in solution F'ﬂ) B

(f) Fomic aoid

The behaviour of formic acid (50%) : not altogother
different to that of hydrochloric acid ov wglor, The
significant difference is the work index ubich is 798
(HCE = 637, water = 4L7%).

It has already bcon pointed oub Lhat woriio wool behaves
differently in diametcr swelling, Jccording to ¢hiv roeeirn

finding by Bendit (12) thure is still a significant
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fraction of the +~helix prescent even in 1000 formic acid,
Pure foraic acid (100%) reloases all the hydrogen bonds so
that the initial Hookean region is vither totally eliminated
or progressively diminished. Beyond 2 porocnt extension the
helices become pulled out into the,}--form gradually, This
begins €o show up positively throush X-ray photography ot
206 oxtension which reveals the 'oruation aﬁf '&—kora:tin.
The aame explanstion has boon forwarded by 3zucht (95) .
Formamide

The work to streteh 207 in formamide is very high.
This might be duc to luss structural changes inside the
fibre, The cpening of hydresen bonds is sbvious but the
breaking of disulphide bonds is not offective, Ilost
probably, the formemide treatment is wild,

flechols (Ethancl znd Iso-propansl)

Early findings by Speakiman showed that wool fibrus
stretohed in water, methanol, ethanol or n - propanol showed
increasing work to stretch 300 in that order. In n- butancl
or n - amyl alcochol the fidre behaved like anhydrous wool,
There was a progressive deereaso in the amounts of the
various aloochols absorbed by the fibres to a minimum of
0.%: with n - amyl alcohol, J3poakman suggested that the
largor molecules could not penetiate the {ine structure of

the fibre., The high dogree of iodination of tryosive residue
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of wool in ethanol, and incomplete iodination in n-propancl
was explained in the same way by Righ?rds and Speakman (38},

Hawaver, Bradbury amnd Loa&oii?gvc shown that with
proloenged equilibrium in anyhydrous alcohols, wool fibroes
absorb essentially equal volumes ol water, methancl, ethenol,
n -~ propanol, iscl-propancl, and n - butanol amounting to
344 om®,/100g.

They suggested that the 'pores' in wool vary in size
awing to thermel fluctuations and aswelling. They alsc
demonstrated considerable volums of econtraction when water
was absorbed by wool, The data of work to stretch 200
extonsion for ethanol and n-propanol is very close. It
scoms to indicate thoe same order of penctration and the
same amount of abacrption, The pore size theory on which
basis thc absorption of any solvent depends is now totally
rejected,

Llexander (4L) obsorved that the streoss gt which the
Hookean region ends is greatly deersased by immersing the
fibre in agueous phenol, He also reoported that when a fibre
im atressed in dilute aqueous phonol it swelled considerably
and become much weaker, He Cwiher obsdrved that the elfeed
was folly reversible and on stretching the fibre in water

alouc it could rogain its corizinal strength,
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As usual, there is breaking of hydrogen bonds wlhicn
the fibre is stretohed in agueous phenol, The possibility
of breaking of disulphide bonds cannot be ruled out, Thoere
is a possibility of the oeccurrence of super contraction as
it was roported by Flod and Zahn (:42 )

The few hydrogen bDonds wiiich are aot broken by water
are possibly broken by phenol. ‘hen tho fibre is stn-tched
in dilute agucous phenol, it swells making tho Tibre weaker,
The rote of breaking of hydrogen bonds depends upon the
diffusion of OH-ions; 2nd as timc passess, more hydrogen
bonds have been scrvered, The reduction of Hookecan streus

(3.0g) supports this view,
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TABLE NO, 3.3

LOAD EXTENSION

MERINO AND CROSS WOOLS
TEMPER/TURE 22°C, RXTINSION 20% (Constant) .
CROS S |
5 > e
= o &
: 51 eb (% |- d g .8
g e [Ex|gn|d | |B&X
i f g .« |S% 8T, 3 5 g p'Ja
& e |glee |28 018 |ga¢%
8 |[BE|[BE4 |5 (B |5 |EE~
E4 E w ] e ¢ o] o -t
Zncl, W3 10 | 2942 1743 9 118|408
1440 | 26,6 112.9 746 2463
2880 | 18,0 | 7.6 |u2 3.8 J1.32
4320 | 12,3 6.8 55
CoCl, M/3 10 | 370 194 51 4.8 1,66
1440 | 2844 1158 |55 | 1647 | 577
2880 | 20,0 [12.,0 |60
4320 | 12,0 6.0 50 149 0,66
NiClp N/3 10 | 454 | 21,8 48 | 16,4 | 5.67
1540 | 45,0 |24 |47 | 16.2 | 5.60
2880 | 23,0 11,7 |50 4,8 | 1.66
4320 | 12.7 5¢7 L5 3e7 1.30
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TABLE NO, 3.4 LOAD _EX?BENSION

MERINO 41D CROSS WOOL3

TEMPER/TURE 22°C _BXTENSION 207 (Constant)
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TLBLE NO, 3.5 LOLD  EXTENSION
MFRIND JMD CROSS  WOOLS
T EMPER/T URE 220C CONANAN' EXTENSION = 205
M ERINO ¢ R O S 3
- -
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TABLE 10,36

TEMPER/T URE 22°C

LOLD

EXT ENSION

YANKLSA YOOL

EXT ENSION 209

©
&
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Y L N K 4L S
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Z, 342, BREAKING LOAD AID EXTENGION

The results of breaking loads and corresponding extension are
given in the tables 1,2,3, on page ( 63) for three different wools,
The order of breaking load fox Merino and cross is more or
less the same,
For Merino it is:

HAG< formamide <phenol uater <aq. Zrclz.

formic acid <aq. el <a.q. nCly <aq. CoCl, éq NiCl,
For Cross the order is

formic acids = formamide = ZnCl, <C0012

HC1 <Hxﬂ12 (wator <N1r:12 = s
For Yankasa wool, the order is

/
formio acid < HC1l <fomamido &H.AC

NiClp <00012 <r.lr612 = ZnCly (water

From the above data it was observed that the breaking load is
not the same for diffoerent wools, The werino is the strongest as it
requires more load to break, The Tankasa wool is the weakest and
requires very little load to break the ibre,

When vie considered the effect of diiferent reagents upon the
breaking load, we find that acgetic acid, formamide and phenol are
responsible for breaking disulphide bonds and unfolding of £ -helix,
and the fibre becomes very woak as compare to the wet fibre,

When wool is extended there is rupture of linkages and later

the formation of new linkagcs in the extended positions:
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Rg = 5.5, =~ Rp + HP —___.> Ry~ 50H + RySH

——

By = SOH + BBy _. Ry —S-Ni-Rj

or
R, -CH, - SOH g e Ry, =CHO + Hp3
Ry = CHO + HpN - Ry .:----—-h- RoCH = N-Ry
If a wool has a high sulphur content the attack is preferentizll;
on the matrix, The treatment with water docoreascs the breaking load
more than at 6% rh or zerdt rh, Elod, et, al, ($9) put forward
their views that the hydrolysis of relatively few peptide bonds
caused a marked deorease in the breaking load of single wool [ibre
when the wool is treated with small quantity of dilute sulphuric
acid ib—peodises-chiefiy-aaparticacid, [t is gencrally belicved
that the low sulphur group is derived from the micr.Iibril and the
high sulphur group from the matrix, This view was supported by the
observation that the low sulphur proteins are fibrous and yicld an
ol =pattern when oriented films or fibres were cxamined by X~ray
diffraction, whereas the high sulphur proteins yielded only diffuse
halos indicating an a/mor[.hous structure, As the low-sulphur
proteins have three times the aspartic acid content of the high
sulphur proteins, this suggests a preferential attack on the micro-
fibrils, Vhen wool is treated with small amount of concentrated
sulphuric acid it produced chiefly serine and threconine N - terminal
residues, The greater content of serinc and threonine in the high-

sulphur proteins suggests a preferential attack on the matrix,
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Crewther and Dowling %) observed that dilute Hy80, treatment to tho

fibtre deureased thé breaking load in water than that at 508 r.h.
Crewther and Dowling, further explained that in wet fibre, the micro-
fibrils bore most of the bresking streas, whereas at low r,h, values,
the matrixl was responsible to the bear the breaking stress.

In the light of the abowve discussion the dry fibre must reguire
a high breaking load., Similar effcects were observed in tho casc of
elevated temperature, It was ecasier to stretch the fibre at high
temperature; at low temperature more load was required to break
the fibre,

The order of breaking load is given as indicated in the

following tables:

TABLE NO, - .3.7
Brealdhg Load - Tenporature Effect
Nerino : Load/Area: 229 < 0% <O°C
Crogs ~ Load/Arca: S09% <22°C v d0%
Yonkaga Load/Area: 50% ¢ 22% ¢ 0%
BREAKING LOAD Humidity Effeot
Merino: Load/Areaswater = 1007 r,h. < 65%r.h ( dry
Lross: Load/Lreatwater = 10053 r,h. < 65%r.h.< dry
Yankase: Load/Arcatwater = 100% r.h, <65%r.h < dry

EXTENSION /T BREAKING POLITR

=l
Farrow, (46} had indicated that to extend the fibre dry, if

regquires more load, It is also difficult to streteh the dry fibre,
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His results are given below:

Merino wo.l Breaking
Tenacity: tex Jeextension
at 65% 1% 43

(in water) at 20°C 10 57

Wet at 95°%C 5 78

One striking feature which predominates thiroughout the

investigation of elastiec properties, is the behaviour of the cross

wool, The % extension uf cross wool at breaking point is always less
than Merinn and Yankasa, nevertheless one may expect its bohavi~we

to be intermediate between the two,
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TLBLE 9+8  BREAKING LOAD MERINO #OOL AT THEMPHRATURE 22°C

Treatment Conc), Time Time . Extension Breaking Breaking

for to .. &t Break Load Load/initial

Treat- Brook (%) (g) area ¢
ment, Scos, g/omt2x OF

HC1 0. 7% 15 26,5 4745 95 37

Form 95.0% 15 42,9 7.5 8.3 3.3

Aootio 99.0%2 15 26,5 475 4,0 1.6

acid

Formamide 99,7 10 34,8 58,0 Selt 241

NiC1, W3 180 42,0 70,0 12,8 540

MnCl, 14/3 180 49,5 82,5 9.8 3.9

CoCl, /3 180 45.9 T76.5 104 La

ZrCl, M/3 180 67,5 112.5 747 340

Water 180 36 .6 61 .0 7 .2 2 08

/T DIFFEREIT T & PoxTURES
7ater (0°) 48,5 30,8 16,2 6.2
Water (22°C) 36,6 61,0 Ted 2,8
Hater (90%)

AT DITFERENT HULIDITIES

Dry (0% r.h.) ‘i MRS 67.5 10.8 bo2
Dry (65% r.h.) 39.9 66,5 9.0 345
Wet (1007 r.h,) 36.6 61,0 T2 2,8
Water(100% rJh.) 4320  33.3  55.5 7.0 2.8

Phenol 30 40,5 67.5 54 241
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TABLE 3.9
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BREAKTNG LOAD: MRINO CROSS TREPERTURE?. 2 ¢ B

Treatment GConca,. Time T ime E:cbens:':m Breaking  Breaking

for to at{Break Lioad Load/initial

P e U e

HG1 0.7 5.0 42,0 70.0 6.0 24
Egﬁ’i" 95,0 15,0 25,5 42.5 446 140
Formanide 99.0 15.0 60,0 400,0 AN 1.6
NiCl, K/3 180.,0 38.4 64,0 7.0 24
MG, 8/3 180,06 36.0 60,0 6.6 23
GoCly /3 180,0 27,0 46,5 545 1.9
ZaGly W3 480,0  77.5  u6.5 b 1.6
Yater 180.0 36,0 60.0 6.3 3

A DIFREREIP DIHPEML URES
Water (0°0) 34 5345 1.3 3.9
Water (229 . 36.0 60,0 6.8 2.4
Water (90°) 13.3 80,5 440 L 3

Al DITFERENT HULIDIT IS AND T CONSL LD

I PIRAT ULR

Dry (0% r.h,)
Dl'y (653’?:’} I'.h.)
Vet (100% r.h,.)

Water (100%r.h,)

%320

Ut

14240
36.9
2649

35.8

229

700
61.0

L O

56,3

10.8
6.8

6.0

k.2

.

2.
24

1 42




TABLE N0, S+10

BREAKING LOAD YANKASL

75

Treatment Concyy Tibe Time  Ixtension Breaking Breaking
for to at Breek  Load Load/initial
treat- broak ( %) (g) area,, -
o nt (zecs) e/ x 107
Mins,

Dry at 65% 5747 7940 370 13

Water 180 60,0 100,0 2245 0,8

Water {90°C) 180 4.5 82,5 22.5 0.8

GaCl, M/3 180 51,3 85,5 26 .5 0.9

00012 M/3 180 5.0 85,0 26,5 0.9

MaCl., /3 180 67,6 96,0 28.0 0.10

Nigl, M/3 180 534 8B.5 25.0 03

anCl, M/3 180 60,0 100,0 28,0 o
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TLBLE MO, .11 BRILKING LOAD

YANRASS WOOL 3 TEMPPRITURD 22%

Treatment Concyy, Tims Time Extewnsion Breaking DBrealding

for to at Break Load Load/initial
(% ) ‘4reat— break (%) {g) area, P
ment (secs) g/on” x 10*
HC1 0,7% 72.0 1200 8.6 0.03
Formio : 0% 95% £9.0 0 . 0.0
Fornio 0¥ 95% 9 115 7.2 3
Aoetic 99%% 61.8 103,0 12 0.05 -
acid
Formandde 9%% 52.8 8745 1044 0,0k
. ; DIFFEGEN T SPH/E URD
Water(0°) 69,0 115.0 4745 0,7
Water(227) N5 152.5 36.5 0.3
Water (90°C) 136.5 227.5 3.0 0414
T DIFFERENC HUMIDITINS 4r 22°%C
Dx‘y at % - 52 .|5 8? 05 5"! cO 0!18
Dry at 657 f' 4.5 407.5 %7.0 047
Wet ab 100% 67.9 12,5 3745 Ok
Wator 100% 4320 B87.0 145.0 3.2 0.1

P i
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TABLE 10, _3.12

3.3.3,  SIRESS A HOOKEAN REGION FORL iZRTHO CROSS AW

YANKASA WOOLS AT TEFERTUZL:: 22%.

-

TREAT MENT TIME FOR  HOOKEAN 3PRESS/TINTIAL AREA4 (g on™2 x iC”
TREAT MENT MRTIO CRO3S | YANASA
in mins,

ZnC15(24/3) 10 2.9 4.08
14,0 161 2463
2880 1,69 . 0.3
e S AR T L
CoClp(H/3) 10 345 1
1440 - Seli
2880 1.65 - :
_4320 2,43 9.6 0,60
MiC1,(M/3) 10 10.7 5.67
1440 10, 5460
2880 3.66 1.66
1320 325 A0

L
- vs e

HnC1,(1y/3) 10 1457
1440 b2 b 32
2880 2. 5465 0,52
1320 28 7.8 0

HC1 (0,2M) 5 549 1479
30 3.5 4479
60 1 .58
1440 B e s | e

— - ——— . ———— &
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TREAT MEND TIME FOR *-HODKFJ;I\I IPRESS/INIL IAL AREL (g on™? x 408
T REAT MENT HERINO LROSS ZATKASS
in mins,

Formic {50%) 5 .05 3,85 136
asiad 10 1473 107 -
Loetic (57) 5 1.80 1.27
aoid oo
T hiogly—(5%) 10 149 0,81
€ollic apid ” .
Lbsolute (99%) 5 L..56 -
Alockol 10 3450 1023
Is@-prosyl {(99%) 10 | -
aloachol, .
Formamide (53%) 5 1943 -

10 8.57 2,69 e o
PHENOL {40%) 30 5403

60 3450

120 1 418
WAER (9 34D 1,38
WTER. 1320 16 4 - 0 .43
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HOOKEAN 3T RESS

The results for Hookean stress are given in tablo (4.4a)., The
stretehing of a fibre within the I-%E)kefzn region is considered %o be
stretohing of chemical bonds {4 ;J )’..’, rLlexamier (*19) had reported
that when a fibre was stretched in dilute solution of phenol, tho
stress at the Hookcan region is greatly reduced. Spsakuan {§¢) and
Szucht (..;’3’) hed observed separately thet the stress at the Hokkean
region caupletely disappeared when the fibre is extended in formic
acid,

Initially the fibre behaves like a spring and obeys Hooke's
law which stetes that stress is proportional to the strain up to the
¥ield region. This part of the curve iz sometimes referred to as
the Hookean region, It is noticed that when the load is removed
from the fibre, it recovera its original length or very nearly so,
To caloulate the initial Young's Modulus, which is equal to the ratio
of the atreas %o the strain; the ratio of the tangent of the angle to
initial part of the curve and horizomtel axis is obbained, 4 high
modulus indicates inextensibility, and a low modulus, great
extensibility, j .

Following is the date of initisl Nodulus of Merino wool in

different solvents reported by Norman, Abbot, et al,, (87 )
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Table, 3,14

T reabment ‘. Concentration initial madulus (g/tex)
air ' - 3560

water {229C) - 170

water (95°C) L 65

Formic acid (21 C) e | 5 s

He1 (95°¢) 07% 6240

Aootic acid (249C) X% 57

Phenol (21°0) 857 ' 15,0
Formamide (55°C) 506 36,0
Formamide (100°C) 9 1.8

A

—

From the data given in the table (3«14t is evident that the
Tibre becomes loss and less elastic as it is left in weter or amy
other solvemt except maengancse chloride (1/3) solution, In tho
nanganese chloride solution, the effect is reversed and the stress
at the Hookean region inereases with time. It 4#has been notiecd that
either diminishing or tokally eliminating the Hookean region results
from the rupturing of either disulphide or secondary (Hydrogen) bonds.

Patterson et. al., ("2) and Harris (73) had supported the idea
that as stress was decreased progressively, the rupture of more and
more disulphide bonds ‘.g (5()55,) taking place,

The oross wool has lower value of Hookean stress and hence it
has got greater extensibility, The Yankasa wool has got the least

stress, but in some cases it is of same order as thc cross wool,



8l

33 FFERCT OF SAIf SOLUTION IN PRESENCE Of LO0ID
ON THE ELASTIC PROPERTIFS OF MRIND WOOL (22°C)
TLBLE N0, S¢15
E 3 —
Treat- {Vol, § HO1 | Initsal! Time | Work | Work 2% i | Fimal
Dot (om?) (em?)} B of | for to | Reecw< work- | pH of
i Sol , treat] Stroe}] vsry index | Solv,
] ment toh
. WAL ER 100 —— ) 72hrs! 17,9 | 11.3 60 e
21, 100 0,0 3.9 72hrs| 32,7 1 15.9 | 48 Yol
LZnCl, @100 | 0.5 | 248 | 72rs! 354 | 16,9 | 47§ 3.05
ZrCl, 110 ¢ 1.0 l 2,05 72hrs| 36.0 | 18,2 | 53 2.6k
: ! "

& procedure was adopted to fini the effect of salt solution in

prosence of IiC1 on the elustic propertics of wool (9¢}., Four samples

of Merino wools of exaotly ome mram each were taken,

In the {first

sample 100cm’ of distilled watcer, in the second samplo 100cm? of 13

ZnCl, solution + 0.5em> (W) HCL and the Powrth ore, 100cmd ZnCl,

(3/3) + 1.00m> (M/1) as indicated in Table No. (3#). The initiol

pH and the final pH were obtained for the last throe samples,

final pH was mcasured aftor three days,

Assuming that equilibrium had been established after 72 hours, one

The

singlc fibre from each sample was mounted on the cardboard square

keeping a 2em. gauge length,

The fibres were then extended to 2074

extention. The work to streteh, work recovery, and percentage work

index were caleculated from the results T abled iy,
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It was stated by Sookne and Harris (5*5 andBogoty, Sookne and
Harris (&) that the reduction in work required to extend the fibro
by 307 in N/10 HCL solutiun satureted with tho KC1 solution was less
than in pure water. Speakman (57) condidered that the comparison
of reduction of work should be made with saturated KC1 solution nus
with water alons; vhere it was found bhat the fibre were more resist~
ant to the stretching than 1in the neid medium,

From the above table it is obvious that tie work index in tho
case of water is high (60%8). The value ol the work to streteh in
the apid medium inereasces as the goncontration of acid inoivases, Ehis
- supperts the hypothesis that the addition of the acld mekes the filie
more elastio, It is also evidont from the above rosults thalt the

|

introduction of the metallic ion (Zu 1 ) imto the keratin structure

makes the fibre more difficult to streteh,
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32345 LOAD EXTZHSION AND T IME

Attempts have been made to {ind the relation between work to
stretch 20% with time, An arbitrary equation has been established to
correlate these two items, Thec equation is:

L LV RN C)
where W is work to stretch, A is tho work to stretch at zero time or
approximately work to strotch 20% for a dry fibre at 65% r,he and t is
the time for treatment,

The equation (1) is further simplificd

W —;—‘- = -t1/n or log (:I‘A) = -ﬁ_ los t.
n

On plotting the valucs of log (7 - A) versus - log t using the daba
obtained from load extension experiment, the value of n may be around
18 (slope of the curve), Instead of waing as 18, if' n iz equal to 5

(for ease of calculation), the equation bocomes

log (W = A) = £(1 1oz t)
2

This gives satisfactory cquational representation of the data,
The cures obtained on plotting work to stretch 207 versus 5/\(,»'1: where t
is the time for treatment and work tos tretch is w,
The complete set o data are given in the appendix,
The conclusion one can draw that the work to stretch decreases as
time lapsey and after certain time it reaches to approximately a constan®
value (vide figur29:3\) Similarly the curves between work recovery versuc

time have been draim for different types of wool in presence of water

and 12 ¢ 1ons solution for sake of comparison, (Flg-n.z!ﬁ)
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36347 SUMMARY OF THE RESUITS
Load Extension at Breuking point,
[
WOOL Less than water | CGreater than Remarks
Water
Merino HAC, formamide ZnClyy MnCly, | Cross in inter-
HAC, HC1 (1) Those greater than
may act by
Cross formamide, 4nCl,, | NiCl, dehydrating of the
CoCly » HAC,MnCl, fibre,

(11) Those less than
water may be due
to swelling and
H-bond breaking

Yankasa | all none (i41) Yankasa is :
20 times weaker,
wed
CrossLHd:h time
weaker than Merino
FXT ENSION
Merino HAC-HC1, formamide | NiClp, CoCl,
UrCl,, formic
acid, ZnCl,
Cross HAC ,CoClp, ZnClp linCls, Ni@l,,
HC1l, farmamide
Yankasa | all none.,
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SWELLING
41 INTRODUCTION.

One of the most important properties of wool is its
hygrosoopic nature, that 1s, its capacity to absorbdb water
vapour from & moist atmosphere or to lose it to a dry
one. The term regain is used to express water content
in the wool fibre. It is defined as the weight of
absorbed water expressed as a percentage of the dry
weight of the wool, in other words, it is the
weight of water whioch a perfectly dried sample would
have to regain to recover its original condition.

The equilibrium regein of the wool is considerably
affected by its previous treatment, although its
absorption properties can always be restored by
secking in water at room tempereture except when
chemical action has taken place. One natural
cansequenge of regain changes in wool fibres is the
corresponding change in fibre volume. This, on
acoount of the highly anisotropic nature of the wool
fibre, is shomm largely as an increase in fibre
diepe ter, the length of the fibre remaining almost

unchanged.
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The first completo study of the swelling of wool in
moist etmospheres was made by King (1). Spealomn also
saleulated radial swelling on the assumption that there
is 1ittle longitudinal swelling (2). Hirst tried to
f4nd the swelling in aifferent ligquids (3). Further
measurements of the radial swelling of wool were made
later by Warhurton using & cored fibre method. The
resistance of such a pipe to a flow of air depemds
both on the diameter of the core, and on ita
scoentricity. With a wool fibre as e core, the
ecoentricity 1s not accurately known, but since it does
not change as the fibre swells the variation in oross=
seotion can be obtained with reasonable acouracy (4).

The swelling of wool (1-10) in different liguids
has been previously explored, but the aims were
directed to other objpetivea. In this work, the purpose
of determining the swelling of wool in different liguids
waa to answer the following questions satisfactorily
and to lend support to the model of wool proposed. As
well as, comparing the 3 different wools studied, the

queations to be answgred are:
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(1) whether the effeot of large dsorbed
nolecules are dus to inoreasing coheaion
botween adjcent peptide chains, i.e. a
a direot physiocal effect of absorbed
material; '

(i) 4is there any exchange of asolvent with

water, or totally exclusion of water;

(111) 1s there any oross-linking or any brezking
of bonda;

(iv) whether any physiocal or chemical effects

cocur such as eleotrostrioction; and

(v) 1s there any inhibiticn of thio-
disulphide interchange, either by
changing the "internal FH" opr by
direet oxidative or blocking effect.

There were variation$ in swelling data, but in most
of the cases the variation was not more than ten percent
at constant temperature. The variation mey be dus to
different typea of fibre from same quality of wool.
There was another difficulty during the measurement of
swolling, to measure the dimmeter accurately because,
diameter varisa along the length of the fibre. To
avold this diascrepancy the diameter was always
measured at particular place. In additiom, the
orosa=seotion of most wool fibres is elliptical and the

"dMryeotion of the me jor axis apirels dosm the fibre; this
somplicates the measurement sinoe the fibre may possess a

exall ampount of torsion.
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EXPERIMNENTAL

Direot measurements of the radlel swelling of wool
fibres both in moist air and in different liquids were

mede. Fibre dizmeter was measured wilth a mioroscope

using & mechanical stage and a device for rotating the

fibre; the measurement belng made in the two directions
at right angles to each other at four points along the
fibvre 0.1 millimeter apnrt. Three different Nigerian
woéla: Merino 64'a, Cross (5/8 Merino + 3/8 Yankasa),
and Yenkocse were chosen. Four sets of measurement were
made. The single fibre after removing the twist care-
fﬁlly, was teped to a microscope slide and viewed with
e magnification of 600X by a microsccpe, Solvent was
edded carefully to the slide so that if flowed under the
cover glass snd surrounded the flbre. The dameter of
the fibre was measured before addition of solvent and at
various intervals of time afterwerd at the aame point
along the axia. Observations at elevated temperature
were alao made, but the results were not conslstent for
the same fibre; they were rejeoted.

The results were recordsd as the diameter swelling
and fupther caelculations are tabulated as percentage
radial swelling and percentage volume swelling. The

recorded diameter is the average diamefer of four



observations on same fibre. Where the incresse in
diemeter was not uniform and the percentage swelling
was beyond 5% error, these sets of reading were reJeoted.

It has &lso been noted that percentage swelling in

some fibres was tco high. This was noticeable in looal (Yﬁl‘\kuSrJ/I

wool. Thess fibres after thorough checking, were found
to be damaged or cut at certain places. These damaged
fibres tend to absorb sclvents at & much greater speed
than other fibres of the same wool. The explanation
which may be given to this effect is that the
abgorption procseded from one frasture rather than . .
from the surfaoce of the fibre. In each ocese the cover
glass was used to minimize the evdporation of liquid,
though the weight of the cover glaass itself might have
had some effect on the swelling radially, but when the
difference was noted no significant flattening was _
ocbserved. To prevent shrinkage, both ends of the fibre
were taped with sellotapes

- The interval of time for sach observation was Rept
uniform and swelling was observed up to 3 hours time.
A limited time of three hours permitted a wide range of
liguids to be studied within reascnahble time period.
Every attempt has been made to measure the awelling up
to the squilibrium stage but the time of three hours was

always kept in mind.



The swalllng data are presented in the appendix 4
page (259), Table No.Qq'”'f’he swelling bas only been
measured at oonstant temperature (22°C). High
temperature should also be taken into consideration
as high temperature effeots the extent of swelling. .
The higher the temperature, the more the swelllng by
the fibre, as reported by Norman, et al, {11).

Another ixportant faotor which affeocts the extent of
swolling, is time. The observations were mede at
regular interval of time viz., 5, 10, 30, 60, 120, and
180 minutes,

The date reveal that the swelling in the three
different wools (Merino, Cross and Yankasa) is different
with respeoct to time. Cross wool behaves similaxly to
the Merino., Yankasa behaves differently. In most of
the oeses, the swelling of Yankase wool 1s very high
except in formie acid (EQ%), dimethyl formamide, and
urea. It has been noticed that the swelling in
different solventa is slightly higher in case of
0 ross wool than Merino wool,

The awelllng of different wools is in the following

order with respect to the different swelling media;
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MERINOQ:

Formic aoid 95%>phenol 90% > formaldehyds 4,0%7 formic
acid 50%). phenol 10% » hydrazine 98% > formamide 95% >
urea 50% > water  HCL 0,7% > dimethyl formamide 50% ~»
acetic aocid 50% = acetaldehyde 100%.

LROSS:

Formic acid %% > formaldehyde 40% > phenol 90%
fornic acid 50% < phenol 108 hydregine 98% > formamide
98% > urea 50% » water . hydrochloric acid 0.7% > dimethyl
formamide S0% > acetio acid 508y aceteldehyde 100% >

glycerol 1004

YANKASA:

Phenol 10% > phenol 90% > formaldehyde LOE >
formic acid 95% > water HC1? formemide 99% > hydrezine
98% > urva 50% 7> dimethyl formamide 50% > acetic acid

50% > eceteldehyde 100% > glycerol 100%.
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Table, 4.1
MUM __SWELLING (VOLUME D WOOLS
SOLVENT CONCN. f VOLUME SWELLING (%) }
MERINO CROSS | YANKASA
Formic acid 95% 152.0 159.0 188.0
Phenol 90% 85.0 126.5 300.0
Fornaldehyde LO% 82.0 128.0 224.0
Formic acid 50% 80.4 85.0 58.8
Phenol 10% 67.7 69.0 300.0
Hydrezine 98% 5245 65.6 22145
Urea 50% 46k 51.7 56.7
Water 100% 36.9 3.8 104.5
HC1 0.7% 22.3 25.5 95.7
?ﬁ’;"gﬁ; 50% 20.5 21.0 14.3
Acetic acid 5% 134 14.0 2243
AceXbeldnyde 100% L2 5¢7 8.2
Glycercl 100% 0.0 1.0 L.7
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he3e2 SWELLING _IN WATER
The maximum swelling of the different fibres in

water is given on page W6 It is obvious from the data
that water ., easily penetrates the fibre. The
absorption of water depends on the magnitude of the
change in relgative hurid4sy and on the previous history
of the fibe (12, 13). Sheaw et, al., {14) ond Haly et, al.,
(15) reported that at low R.H. values water is firmly
bound by the wool, but as the R.H. increases from 50
to 100%, the water in the fibre becomes more mobile.
Preser et, al., (16) had pointed out, using the X-ray
diffraction results, that most of the water is located
in the matrix. Initially the water molecules are
greatly absorbed onto certain sites and may be
regarded as forming e hydrate. Later, absorption
continues, by the-addition of successive layers of water
m‘laoulea, similap to a solid solution. Peiree (17) pointed
out that the direotly absorbed water had the biggest effect
on the physical properties beocguse it resulted in the’®
breaking of oross-linkages between the moleculss whereas
the indisectly attached water, whioh in mos?¥ oases easily

evoporated, had greaser influence on the vapour preasure,



During the absorption of water, there is evolution
of hgat. This effect diminishes as nore water is
absorbed. The heat comes from the attraction between
the sotive groups and water of from the condensation of
water vapour into & close-packed state similar to that
in liquid water. It was proposed by Lynoh and
Marsden {18) that the absorbsd water existed as small
oluaters of no nore than a few molecules even near
saturation absorption,

Absorption by the wool has been divided into
three stages (27); water first hecomes attached to the
groups in the side-ohains and then %o groups on the
main chain and finally it is indirectly attached, The
firmness with which the flrst water moleoules are
fitted into the wool molecules explaina the very
~ 8light chenge in such properties as torsional rigidity
and dielectric oconstant up to regains of 8%. It is
noted that at highor regains these physical properties
show a marked ohange. Initially e greater number of
bonds are ruptured in a very short time. When zllowed
to remain in the solution for a longer time, say 120
oinutes, fibras which acquire a fair degree of set,

manifest a small decrease in the value of longltudinel
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swelling. Henore, the longltudinel swelling is not anly influenced
by setting strain or the setting time, but the numbher of bonds
initially socesgsibls.

Yore yecently, the absorption of water by different
keratins has been explained by Lynoh and his co~workers (19).
They explained that the twe hydrophilic groups, amine (N—--H;)
and carboxyl {(—C00 ) ions, sccount for the greater part of
absorption at low humidity. Above 5% ﬁ'&';, water is probably
associated with the peptide groups of the main ohains, thereby
faeiiitating structural rearrangement whioh occurs with increasing
ease a8 the water content increased,, Beyond BOA R.H. the.content
of absorption 18 dependent ot constraints to swelling of the
fibre structure. They further observed, that the keratin which
hag peptide hydrolysis or oystine reduction abaorbs more water
at high unddity, while the introduction of bulky molescules to

the keretin decrcasea the absozption (1, 2, 5) of the water.
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Tablﬂ ™ aoz

INSIDE PORMIC__ACID

VOLUME SWELLING !ﬁ}

1}. 5-5 GWGENTRATION =

Time in ninute Merino Cross Yankasa j
1 152.8 159.21 11,336
2 1149 153445 156.0
5 14043 1496 162 Lk
30 137.2 151.22 1691k
60 13546 1@.)6 180.56
120 131.0 143436 185.27
180 131.0 143.05 188415
- | -
4.3 Formic Acid ( concentretion = 508%)
2 80440 81,98 -
5 79.06 8.7 58.76
30 80.90 81.98 5750
60 80.90 81.7 5750
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SWELLING IN FORMIC _ACID
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to allow the swelling forces overcome the super contraction

phenomenas

There seeus to exist good relationship between the

aulphur content of wool and the maximum radial or volume

swalling of the fibre (28) in 95% formic aocid.

Tablo. 8.4

Concentration of % Redial Swelling in
Wool % oystine/1000g. 95% formis acid
Merino 114 52
Cross 102 56
Yankaso 89 69

The above tablis showa that, in general, awelling of the

wool fibre decreases with the increase of cystine content.
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Probably, the wool containing more sulphur introduces additional

disulphide cross~links into the matrix, which limits its

abllity to swell in the formie acid.

The conaideration

importance of disuiphide bonds in limiting the swelling in

formic acid has been shomm in recent studies with partially

reduced wool fibres in which it was found that a strict

inverse relationship exists between the number of disulphide

bonds renaining in the fibre and the extent of swelling

(26,27). This relotionship holds for the results guoted above.
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Leduk The maximun swelling of different fibres in

different solvents may be summarised as
follows:=

Yankasa wool > Merino T>  (ross in water

Yankasa wool ) Cross ~ Merino in HC1 (0.74),
formic acid (95%),
Formanide, Phenol (10%),
Phenol (90%), formaldehyde

(40%)
Cross wocl >  Yonkasa wool > Merino in Formic Acid
(50%)
Yavhasa
Cross wool >— Merino 7> &wews in Dimethyl formanide
(5)%).

Urea (50%), Hydrazine (90%).
It has been observed, in genseral, that anhydrous media

are less effeotive than w; nedia., FPor example, glacial acetic
ascid shows no swelling, but the same acid when diluted to
50% gives & marked swelling. Due to the presence of water,
the solvent is accommodated at certain preferred sites.

The different rates of swelling by different fibres are
due to structural differences, as reported in the next chapter.
There is a marked difference in the anino acid composition of
different fibres. The Yankasa wool behaves guite almormally
which is not unexpected in view of the difference in amino acid

compesition and structure. The different rate of diffusion is
another poassibility, giving rise to different rates of swselling.
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Chapter 5

5.0 PH WORK

5.1¢1 Titration Curves of Proteins:

In the titration curve of an amino-acid of structures
R - CH ~ COCH

,‘L'lNIH2 the combination with acid or base
increases with decreasing or increasing pH respectively. The
position of the curve on tne pH axis is defined accurately by the
pKvalues of the carboxyl aud amino groups, Thus oune equivalent
of glycine, iu the iso-electric state, will combine with onse
equivalent of hydrochloric acid, the pH of half oanbiuation being

2.34, and with one equivelent of sodium hydroxide, the pH of half

combination beiug 9.60,.

‘#4 The transition from an amino acid to a peptide briugs about
,.' A

a considereble change in the ionising properties of the c¢arboxyl
and amino groups., Iu glycylglycine, the pk values are ¢ arsiderakbly
displaced from thosvof glyoine, viz piﬂ; of carboxyl is 3.06 and
pg of emino is 8.413. The curve has been displaced, therefore,
towards neutrality by approximately 0.7 pH units on the acid side
and 1,4 units on alkallne side, It is obvious that the curve of
glycylglycine sould not be theoretically determined from a

knowledge of the pk ~ values of glycine.

loa
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In & mixture of amino aclids each acid is titrated with acid
or base in its pH range and if the pkva,lues of the components are
sufficiently far apart their regions of Yitraticn are distinct,
The presence of phenclic, sulphydryl, imidazole or guecidisium
groups counsiderably complicates the interpretation of a titration
curve, as the regious of titration of these groups tend to mask
the titration of amiao and carboxyl groups and render them
indistinct, geg., histidine contains an imidasole group (pll(:é. 00)
which titrateas in the unbuffered region between au amino and
a garboxyl group titratios, similarly the guanidinium group of
arginine (piﬁ12.h8) which titrates in the upper regions of am amine
group titration rendering the pH of maximum combination indistinet
or iavisible.

The different groups titrating in a protein show a similaxw
overlapplng due to the closeness of their pkvalues aud a conti-
nuous curve is obtained rather than one indicating each titration

as 'd:i_,qoreet step.
. e

5.1.2 Dissociation of Amino Acids:

In expiaining the dissociation propertiecs of an aamino acid
it is obviously necessary to consider two or more different
dissociable groups, The disaociation coustants of these groups

can be measure directly by titration,
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Experimetally Measured Logmithmic Dissociavion Constants of

Some Amine Acidsg:

Simple Amino Acids

Amino Acids (iﬁﬁﬂ

Glycine
Alanine
Valine
Leueins
iaoleuciue
Serine
Proline
Phenylalanine
Tryptophan
Methionire

234
24 3h
2,32
2.36

2,36

2424
1.99
1.83
2.38
2.28

(er})

9.60

9,69

9.62
9.60
9.68
9415
10.60
9413
9.39
9.21

5.97

Iscionio
Point (pI)

6,00

5.96
5.98
6.02
5.68

6.30

-

5,89

- 54

Amino Acids Containing Also a Phenolic or Sulphydryl Group

B

Tymoshﬁﬁe 2.20
Diiodetyroaine 2.2
Cysteine 1.96

P

9.11(NH3+) 10,9(@)
7.82(NH3)
2

10.28

6.48(0H)

8,18°

Pt

pIl{Iso-ionic
point)

5.66
4,29
5,07
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Amino Acids Contalning Two Carboxyl Groups

K, 2.0 s pI(Iso-ionic
(-cOx)  {COH) () point)
Aspertic Aoid 1.68 3,65 9.60 2.77
Glutauis Acid 2419 5,25 9,67 3.22

Amino Acids Containing Two Basic Groups

(g]é_b{) 2. 08 PK; pl (Iso-—lsmlc

point
Histidiue 1.82 6.00 (&) 9.17(1«}1;) 7.59
Arginine 247 .OL(WE)  12.48( - w . ) 10,76
LyBille 2:18 8.95(0.-1\11{;) 10-33(""}&'15) 907&-

5«1¢3 Binding of Tons by Proteins:

The precipitation of proteins from agueous solution by

certain complex acids, such as trichloroscetic acid aud phospho-

tungstic apid, oan be regarded as tne formetion of a salt, the
protein seting as+t he cation and the acid provid.ng the anion
eocording to e reaction jn+ + wh - PA. -

Other examples of anions which form protein precipitates
(and in some cases precipitates with certain amino acids) are
picriv meid, flavienic acid, picrolonic acid. Many proteins also
form insoluble precipitates with certain heavy metal cations, such

a3 AS+, Zﬂ2+a H32+, Cu2+, Pb2+, md Au:ﬂ'. In such cases the
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precipitation may be regarded as the formation of an insuluble

unionized salt io which the protein serves as the anion,
P 4ot W MP

The metal ious formiug such precipitates are Freguently poly-
valent ard are known to form meny inaoluble salts,

These engf;les are obvious cases of ion biudiug by proteins,
More subtle cases have come into prominense more recently. In
191 - 1942, Steinhardt and co-workers published the results of
a series of investigations of the behaviour of wool fibres and
ovalbumin solutions when titrated with various streng acids,
On the basgis of the simple theory concerned only with the binding
of protons, the titration curves, which are plots of H' bound %o
protein versus pH, should be independent of the acid used, Such
was not the oase, Yhe curves for different acids had the same
genaral shape, but were shifted along the pH axis. Since the
protein groups being titrated iu this pll range are essentially
the carboxyl groups, the obvious conclusicu is that the disasoia~-
tionn constant of the carboxyl groups depends on the unature of the
acid added, or on the nature of the other anions iu the solution.
Steinhardt et, al, presented an explanation of the results on the
basis that anious are also bound by the pryiein sc that it is nece-
ssary to consider the dissociation constants of new groups, the
protein -~ anion complex groups,

Protein HA &= Protein A” + H' a3 well as Protein -H Protein + H'
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Assuming the ourve with HGLl to be the normal one, the
affinitiy of the various anions can be obtained according to the
magnitude of the shift in the titration curve. The results show
that anioniec dyes have strong affinities as is to be expeoted,

Perhaps a scmewhat more rational explanation of the effect
of the bound apions op the titration curve can be given in terms
of the electrostatic interaction term - 2zw/2.303, in the low
titration region the protein possesses a net positive charge which
is diminished by auion binding. Thus, the greater the degree of
binding, tne smaller g and the less important the electrostatic term.

The net effect will he to enhance hydrogen ion binding at a

glven pH, as is observed.

5¢1.4 The Isoelectric gnd Iso-ionic Points of Wool:

The amphoteric uature of wool was proposed by ispeakman and
Hirst (1), Elod (2), and in particular was demonstrated by the
complete acid-base titration curve obtained by Speskman and Stott(10),
To study the mechanism of acid-base titratiou they tried to obtain
the iscelsotriec point. The isocionic point of a protein is that M
at which it carries no net covalently bound positive or negative
charge. The iscelectrie point is that pH &t which the protein does
not migrate toward eithey the anode or the cathode in an electric
field., 5o far as the total net charge on a molecule is expressed
by the binding of protons, the term isoelectric is applicable to

the term in which tre uet binding of protons is zerec.
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Barlier attempts made by differeut workers are given in
the table below, There are variations in the results because the
pH at which the aet charge, including bound ions, is zero depends
on the nature and coucentration of jon in solution.

The iscelectric point of Wool determined by various methods

Methods Iscelactric Point and Referenceés
Ferricyasnide ghsorption 4.9 Speakman (3)

Swelling minimum 4.9 Elod and Silva (4)

Swelling minimum 4,0 Meunier and Ray (4)

Acid absorption 3.4 Manston (6)
Microelectrophoresis 3ub Marris (7)

Titration curve 5.0 Speakmen and Hirst (1)
Electrophoresis 4.9 Dumanskii and osumenskii (9)

In later work on the combination of acids and bases,

Speakman (11), suggested ihe existence of aun isocelectric region
rather then a poiut., He observed this region withiu the range of
M~ 4,0 -~ 8.0, which was also supported by the results of measurg-
ments of the swelling aid elastic-properties of wool in different
agqueous enviroments, In this case, the [H at which there is wo
net churge, with respect to the biuding of protons aloue, may not
necessarily be the same as the pi at which there is no migration
in agn electric field, Screnson first used the term ISOIONIC to
refer to the fH at which there is no net charge provided no . ions

are bound other than protons.
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The isoionic point of an inscluble protein has been
considered to be the pH value which is approached by prolonged
dialysis sgainst water, and also the tH of the equilibrium, which
is 0ot altered by the addition of small anounts of neutral salt,

Ou the basis of this definition, Lemin and Viekerstaff (13)
determined the isoionic point of wool by measurement of the pH at
which addition of salt does not affeot the pH. They obtained a
value of 6.2 which 1s spproximately the mid point of the isoelectrie
region, The value obtained by Lemin and Vickerstaff will be
approximately corxect if the affinities of both oation and anion
for wool are very low or nearly equal. The term iso-ionic point

is more approprinte than the term iscelectric point in a discussion
of the simple proton~binding of amino acids. Aectually, the
difference in the binding of other jons in case ¢f amino acids is
s0 slight that it is a matter of little importance whether or aot

one distinguishes between isoelectric and iso~icnic point.

5:1.5. Comparision of the Titration curves of Soluble and -
| Insoluble proteius:

It has been pointed earlier tnat tne mechanism of titration
processes in wool sud soluble proteins is quite different, The
extensive isoelectric region and different effect of selts m=ke
these process entirely different. Although the shape of the
titration eurve for a soluble protein is similar to that of the

individual smino acid, and no iscelectric region ia evident, the
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titration curve is spread over a wider {l range. This may be

taken to show that the acid or base tends to inorease in strength

as tﬁe number of combined protons or hydroxyl ions is iucreased.
‘When the titration curve of wool obtained by Speskman and

H:‘r._t'st]| (1) is compared, on a common axis, with that of egg albumin

by I{aimiok and Cannan (14) major differences are immediately unoticed.
As far the composition in respect of thoses groups w.ich

offect the shepe and position of their titreticu curves iz concerned,

it is very similar in egg elbumin and wool, the differences in

the titration curves can only be accounted for in terms of differences

in aolubility.

The most important factors to be oonsidered sre:

(1) In the case of wool, the region from pH 6-10 is excluded
where a0id or base combining capacity is very smgll.

{(2) The amouuts of ac¢id of base bound by the insoluble
protein increase sharply towards the extremes of pH,
although the maximum combining capacity is reached at
approximately the same pH value as in the case of the
soluble protein. Hence, the titration curves are steeper
thaa theose of soluble proteias,

{3} The pH of half maximum combination of scid or base is
a direct measurement of the dissociatioun constaut of the

groups present iu simple substance, Soluble proteins
P
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are found to have a pH of half maximum combination
with acid of at pH 4, whereas wool has been shown to

be half combined with acid at pH 2.3 (1,10,15).

Cannan (16) tried to explain the titration curve of egg
albumin by the application of the law of mass action to the
absorption of acid, He used a single dissociation constant to
describe all the reactant groups, The same expression cau not be
applied to tne combination of wool with acid, without certain
modifications (17).

The difference between the titration curve of soluble and
insoluble proteins also lies in the differeuce of their effective
molecular size, Only a limited number of free hydrogen:ions can
combine with an insoluble protein as the potential thus acquired
excludes the further penetration of protons. As the radius of the
fibre decreases, the potential produced by a given charge also
decreases but the number of g roups capable of accepting a charge
increases with the cube of the radius. Hence, the potential is
proportional to the square of t he radius for a given amount of
protons combined per unit volume of the wool, Moreover, there is
a possibility of eutry of anions into the wool, during the titra-
tion, which is one cause of the difference between the behaviour

of wool and of the soluble protein,
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5,1.6 Maximum Capacity of Wool for Acids and Alkalies:

Wool contains carboxyl groups ionised at the isoionic point,
their charges being ueutralised by positively charged basic groups,
mainly amino and guanidinium groups. The carboxyl groups are
converted to the undissociated form (CO0™ + HY - COMH), by acid.
The numbor of equivalent acid groups necessery to back-titrate
wool from the isoionie j}oint to this limiting value is konown &3
the maximum acid combining capacity of weol, This quantity gives
not only the number of carboxyl groups in the wool which were
charged at the isoionic point, but also the numbor of positively
charged basisc groups, since these are equivalent,

Similarly whern wool is immersed in alkaline solution, the
ionisable groups of wool are brought to the basgio form, However,
i1t is observed that to reach a stage where all the groups are in
baslo form is impossible because the pk-value of the guanidinium
group is very high. There is always the possibility of irrcversinle
modification of peptide links and disulpnide bonds at high pH
values, and ionisation of phenolic residues,

The maximum capacity of wool for acids is remarkably constant,
The capacity of wool for inorganic acids is usually considered to
lie in the range 0,8] and 0.87 m.eq per gram of wool (1,17,21).

The amount of alkali bound by wool is less definite (17,22,
23,2,). This is because (a) the high pH required for complete

titration of the arginine residues causes extonsive hydrolysis of
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amide and peptide groups, (b} the disulphide groups undergo
hydrolytic and other reactions in alkaline solution.

For determining, directly, the alkali-binding capacity of
wool McPhea (25) has devised & method based on his observation that
hign salt concentrations protect wool from alkali degradation
without preveutiug resctiou with loniszing side-chain groupa, He
obtained a value 1.2m-eg per gram for the alkali capacity.

Another explanation put forward by Vickerstaff and Speskmen(18)
was that tlhe shift in the acid branch of the titration curve of
insoluble protcius relative to the soluble or model protein is
due to the positive charge oo the molecules sud not to any real
change in the pk values of the carboxXyl groups. Similarly the
shifting of' the alkaline side of the curve must be attributed to
the effoct of negative charge on the molecules oereated by the
removal of proteins by hydroxyl ion.

The sharp discontinuity of potential at the fibre surface is
due to the eleetrioal double layer which surrounds all colloid
systems in solution, The double layer surrocunding the wool fibre
will have a considerable effect on the titration curve, particularly
when small amounts of hydrogen ion are combined, The simple
double layer treatment which satisfactorily explaius the titration
of' soluble proteiuns, has been cembined with the general theory of
dual entry of ions into au insoluble protein by Alexander and

Kitohener (20), When the poteutial-determining oharges on & protein
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are separated by a greater distance tham of thickness of the double
layer, the titration of the fibre becomes similar o that of
spluble protein, as the arbitrary distinction between outside and
. ingide has disappeared,

Other tneories to explain toe difference btween the titration
curves of soluble and insoluble proteins have been advauced,
The presence of a scparate 3o0lid phase, a fibre phase, in the
titration of the insoluble proteius, could be responsible for some
of thesse differences, This gives rise to the discontinuities
which ogcur at irregular intervals during the titration of
sparingly soluble proteins, Barlier workers have postulated the
presence of a two phase system but & comprehensive attempt has
been made by Peters and Speakman (19) to explain the titration
ourves of wool Reratin in this way.

Speakman (1,10,15) attributed the difference in the
titration of soluble and iasoluble proteins to the effect of
"8a1t binding" between the molecules of fibrous protein preventing
the functioning of their constitutional group unlesz a very
concentrated solution of electrolyte waa present to break that

binding.
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5.7 .T_é:.tratiﬂll of* Wool:

The ionisation of any scid HA can be expressed by the

eguation (1) in accordance with Brdnsted's convention
m-;:—-_;&; H++A-— qu-ol000(1)
the ionisation constant is given by equation (2),

K¢ = °H_=x % _ ®D)_x (&)

B} [N ¢-3)
“HA (HA) rf

where aI{+, aA-, aHA represent activities, C ) L. reprasest molar
concentration, f4 is the mean ion aotivity coefficient, and fu is
the aetivity coefficient of the undissociated acid,
Equation (2) may be written by

o= oK' 4 log (ATVGHA) eernrn..(3)
where pH = ~log(H') ;Eg and pK" = ~logK, . fu

7t

£
Since fH = pk/ when (A/) = (HA.)) pK  is the mH value at which the
asid is half ionised, i.e. the pH corrccpe ' ding to the mid point

of bﬁe curve, It is important to note that p}{’ changes with

temperature (through K() and with ionie strength of the medium

(through fw’f:). At gerc ilonic streugth pK/ is douoted as pk:.
Values of pK and pK: for various ionisable groups, as found

in the amino acids or in simple peptides are given below, derived

from data giveu by Cohn and Ldgall (26,27).
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Values of pK'and pX! and Heats of Iouisation (ﬂi’)

of Iouisable Groups of ¥ool:

! a11°
: Group Amino Acid pK! pKé (Keal/mole)
i

" oarboxyl and group 5,0-3.2 342 1.5
B—carboxyl Aspartic acid  3.0-4.7 L.0 1.5
Y=oarboxyl Glutamic acid Ca L.4 L0 1.5
Phenolic hydroxyl Tyrosine 9.8-1C.4 10,0 6v0
Sulphydryl Cysteine 9.1-10.8 10.0 -
Imidaszole Histidine 5e6=T7.0 7.0  £.9~7.5
a-Amino end group 7.6-8.4 8.0 10 - 13
e~Amino Lysiue 9.4=10.6 10.0 10 - 42

Guanidinium Arginine 11.,6~12,6 12,5 12 - 13

: ' The sulphydryl or thiol group does not oceur in siguificant
ampunts in perfect wool but its pK' is ineluded, siuce it has a
bearing on the digoussion of tie resulis.

According to Went Hoff's equation eee.w ..o o o (q_)

5° - RT2 luk = -2.303 RT2 x pK where ﬂlo is the
T N

heat of ionisation referred to a cextain standard state, R the gas
sonstant, T the absolute temperatuvwe, and X the thermodynamie

. dissoeciation constant.

B
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5.1.8 Jonisable Groups of Vool:

The ionisable groups of wool are the acid md baaic groups
in the side chains derived from variocus residues, vigz,, the B-
and U~carboxyl groups respectively of aspartic and glutamic acid,
not bound as amides, the Ewamino groups of lysiue, the guanidinium
group of arginine, the imidazole group of histidine and the
phenolic group of tyrosine,

According to Speskman {4,2,8,9,10,11) these groups are
ionised in virgin wool, as shown below, the attraction between the
positively and negatively charged groups coustituting what is
known as the "SALT-LINK".

In addition, o-carboxyl and g-amino groups at the ends of

each polypeptide chain also participate in protons transference:

4 o
co o o
N ) .
CH~CH,,=CH,,— 00 -
7 2 2 P
ai  (Blutamyl residus) N
\ o
co
4 ~
-CH CH
\NH e NH
CO/ co N
e
> CH-CH,, coa H, ﬁ’—ﬁ-»NH-{:Hz-CHZ-cHz;CH
NH ~ (aspartyl ## resicue) N LN
b co C =0
/ Arginyl residue 4
\ {31
NH
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The amide groups, owing to the extremcly low value of their

20), do not accept protous even at low

basic coustant (@ =e10
pH value, At pH values below 2, however, some hydrolysis of this
group may occur, wich liberation of carboxyl groups and ammonium ions.
When wool is immersed in a dilute solutioun of HCl, the
ionisation of the weakily acidic carboxyl groups is depressed, as
follows: RCOO .HVR + H' + CL +=% RCOMH + Hy MR woveeee(5)
where R is the bulk of the wool molecule,
This back titration of carboxyl groups must be accompanied
by the absorption of an equivalent number of chloride ions in order
to avoid building up a large electrostatic po'~ntial oun the fibre,
Similarly, in alkaline solutions, effects such as the irrever-
sible modification of disulphide bouds being for tne moment ignored,
the hydroxyl ions capture protous from the chorged amino, imidazole
and guanidinium groups, and from the phenolic hydroxyl group, the
electrostatic poteutial created by the carboxyl groups aud the
phenolate ion beiug ueutralised by absorptica of cations in

accordance with the following scheme:
RCOO™ + HyN*.R + Na* + Qi &= RCOONa® + HNR + H,0 +usues(6)

+

e
Ol
&

| + G + Na + Hy0 a0 (7)
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From tnhe definition of pK and phi it is obvious that <tne pK
velue of au ionising substeace is o pH at which balf the
available groups are iouised, a&,g., in the titration of a soluble
amine acid with HC1l the pH of the sclution iu wiilgh the carboxyl
group is 50% dissociated in the pK of the amino acid, Thnis simple
relationship exists because of tne back significant association
between chloride ions and ocharged amino groups., Yhen an insoluble
protein is titrated, however, the oombination of protons must be
accomp¥anied by the adsorption of anions and the pK of the reacting
group will be significantly affected. For example, in sase of HO1
combining with wool it has been assumed (31,32) that an equal
number of anions and protons ere combined and, therefore, the K
of the reaoting group is twice the pH of half combination.
pK also wvories with the temperature and ionic strength of the
medium, pKo being the value of K at gero ionic strength, The
different values of pK of various groups found iu wool protein are
given ou page {¢B These values have been determined from the
measyrements in simple peptides and are necessarily ouly iucorpa=-
.ration of amino acid iuto the complex structure of a polypeptide
mey significantly glter the pK values of the ianising group due
to interaction with the adjacent polar group (33 ).

From the titration data the rslationship between the number
of protons bound to the wool and the i of solution is obtained.

ine pH is measured directly but the number of protons are obtained

i)
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by osleulation., Tt is convenieat to select a starting point for
titration near the neutrality {at iso-iouie point of the wool),
an8 to consider the acid side in terms of hydrogen ions and to
the alkaline side in terms of hydroxyl ions. JActuaslly the combi-
nation of hydroxyl ions is mot with the proteius but with protons
rvemoved from it, The bound ions are calculated by the difference
between the total quantity of the ion sdded, less the amount

remains free in the solution,

5:1.9,1 (a) "The Steishardt - Harris Theory:

The titration curves of wool with a variety of strong sclds,
including sulphonic, oarboxylic and phenolic aromatic acids have
been studied by Steinhardt, Fugitt and Harris (34 = 39). Their
results indicate that as the molecular weight of the acid
incereases, the titration curve is displaced to higher pi value.

The same effect is observed when neutral salt was added, Steinhardt
and Harris, who evolved the first detailed theory, postulated that
the combinaticn of acids with wool can be resolved into two

pertial reactions; one with hydrogen ion and the other with the

acld anion, each reaction being governed by its own equilibrium

constant,
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They made three main assumptiocns in obtaining a theoretical
relationship between fH and acid sbscrptiou:

{4) %both hydrogen ion and anion combiue with the wool
proteins according to the law of mass action or the
Langmuir adsorption law.

(2) no recoguitiou need be taken of differences in hydrogen
ioa coucentration inside and outside the fibre.

(3) wvariatiou iu sckivity coefficieuts iu the fibre phase

may he disregarded,
They consider the equilibria and mess action eguaticns

“ﬁ + H+ Tt WH+, K} = I-wi r* .-.--....(‘)

{

W4 A e WATLKY, [Wﬂ [A"] ceeeveens (§)

- o = {Mﬂ [P‘-]
[1ma
WA+ HY = WHA, K [WA—] [H+]

[

where KH‘KI- = K'H'K'A and where Wp etc., represented various
b o

&
-+
-
b
|
P
!
=
=
=
o
|

cecsocasess(iB)

cerveveses (W)

+ L]
atates of wool molecule, Wy being analogous to H;NRCOO » W to

+
H_,’ N.,RCOCH, and WHA to AHs.N.RCOOH. In order to gecount for the
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near equivalermce of anion and cation uptake it was assumed that

K'b K, and Kb K'

If A is the amount of a¢id bound by the wool and Am is the

amount bound when the wool is saturated with acid.

L [ma] o+ [t ] NUSRRY |

ol

A [WHA] + [wn*] s LWA'] " [w*]

Substituting from the equation {g) to (4¥

A ! ... 08)
Ay g S
i (— )
®n o+ K,

+ E
e b
where % and %4 8¥¢ the activities of He and the anion A< in

sclution, When A"A = %, that is, at pHi, and when K"A?‘?aA?PKR’
equation (# wveduces to pHY .-x‘.l-pK;J’a. log &y - log K'A ....-..(ﬂ)

Equation (ﬂ) provides a satisfactory explanation for the experi-
mentally determined relationship between pii and anion concen-

tration for solutions of low lonic strength,

i3 —
Further, from equation (W), when X' e P K,
A . ‘ Sl )
- t ‘
Ay~ A E_}}' "aA+K'A! KH' K'!k

-/
BI-I aA+K -

. e o - 1 '
a.ﬂd 103' A-A _Fi'i 1081{ H.KA+ log aA ..o-t--n’&)

G
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_ A ﬁ;‘- - 1 ¥
With no added salt a, = & , hence log m 2 pH-logK',.X A..(KJ
O plotting log (A/Am—A) against P, these equations give slopes
of -1,0 and -2,0, whereas measured values are -0.5 and -1.0

respectively.

To overcome this cousiderable and uniform differesce, and to
fit experimental data Steinhardt (38) introduce the square roots
of activities and dissociation coustants as parameters in his

equations, but this has no theoretical basis.

Bt .9.2 Criticisms of the Steinhardt — Harris Theory:

Peter and Speakman (40) oriticized the theory for its
application of the mss action law €0 the formation of ionic
complexes which they consider are not real, The fault in the
Steinhardt = Hapyris theory lies in the assumption that both aniopns
and cations react at a single site, Regarding Peter's and
Speakman's second criticism for its neglect of differences in ion
conoentration ingide and outside the fibre, it follows that the
binding of ions in 4 solid phaese in equilibrium with a liquid
phase will be unaltered by the presence of a second liquid phase
with which both are in equilibrium, Contrery to this explanation,
in the hydrolytic and cther catalytic effects of H:, OH™ or other

iona; the internal solutious pannct be ignored,
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5.149.3 The Gilbert - Rddeal Theory (41)

In 1944, Gilberfand Rideal (41) attempted to explain the
interaction of acids and absorption of acids by wool. In that
theory it is assumed that there are equal numbers of positive and
negative sites on the wool fibre in accordance with the salt-link
theory and an anion is free to oocupy any positive site that is not
occupied already by an anion and that this freedom is not affected
by its position relative to charged or uncharged c arboxyl groups,

The theorctical development of Gilber!and Rideal is based
on the expression derived by Fowler and Guggenheim (42). Thcy have
shovn that the chemical potential or partial free emergy p of an
uncharged substance distributed at random among a limited number of

similar sites is given by:

u = k° (T,P) fibre + RPIln § (n)
1 -0

where 6 is the fractiou of sites occupied and po is the value of
p when half of the sites are occupied, If Hi is the chemical
potential of the hydrogen ions in solution, uoi' the partial molar
free energy of the hydrogen ions at unit actiwl;‘ity and By the
activity at some other councentration, then

“,H =“°H (T'P) fibre + RI'].n_b‘_ + 'F .l..t.....(".)
1-6
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and for the solution

My 2“0}1 (,P) sol. + m..b%‘[m] cansoenestM )

Where gOH(T ,P)sol, is the chemical potential of H' when the

activity at temp T and pressure P is unity and f,, is the activity

Y apizpi(r,e)pbrap (T,P)o0kicon , Oneqimnling
o::ffét:?lt‘:d f“’*e"f""&" ab e bl v S7de and oulside Wne (L,

Combining (#) and (®), and writing bu forpo}!(T.P) fibre -uOH(T.P):sc!_

9 ad
Rrln B o -6‘.h+Iﬂ'1nﬂ.[H+] “§F  sevseenslBB)

fa

Similarly {or monovalent anion

RT.1n _UA _ by w MA.[A-J T} PV . |
1 -6
A

Adding Equations (2@ and @))

win & ==~(84, + BK) + RT1nf, o [H*].rA.LA"] .o (22)

1-8

("~H)(1-6,)
Assuming thut the total number of basic and acidic sites in wool
are equal and that equivalent amounts of anion and cation are

absorbed at any one time 6 = 3A

Hence, for a pure acid

log _bl_i__l’*—' PH - 1_ [ ﬁL{,,L) PP (3. ))
18, .Gy H
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or gt constant anion coucenbretion

log_e_lj__d__:— -%pH- _j_(ﬁpﬁq-&“ + 3 log [A‘-J SRR 6T §
1-8 _ ho6RT A

t orwd . Al o L N
and for low ionic streugbh: pHsz 10{&] AoGEf(ﬁuA+ uA) .”@5)

The following linear relaticnships are predicted,

(4) In preseuce of salt, when My = My a8 assuming unit
activity coefficient ‘
Log %/(1—%) = pH - logK, f.e., a streight line of
3lope = =1«

(2) In presence of selt, when “ﬁg but 4 a is constant

log i}i_ _ —logk = 5 logLﬂ.—] —pH 1.8, a straight line
-8 of slope = =0.5,

(3) At half saturation, when £ =1

PH = log[-A-] ~ 2log K.1-9

These predicticns are well fitted when epplied to Steluhardt
end Harris's (35) results for HC1 absorbtiong alone and in
presence of varyiug amounts of salt,

- The mein draw backs of (Gilbert and Rideal theory are
however: .

(a) eagain the graph predicted by equation 18,1“‘ , is not

exactly linear but sigmoidal, though its slope is very

near to the predicted value —
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. ’ 20
(b) the linear relationship predicted by equation (+2),

the-wmiztienaip between log &/ (1 - Q’E‘aud [H+] is more
or lesa linear op the assumption of constant ionic
stength and activity coefficient as unity. Though it
is found to hold for low salt couceuntration, ia aot

fitted for high ceucentration,

561494 Criticisms of the GilberfRidepl Theory:

Peters sud Jpeakman (40) have criticized the GilberRideal
theory because gquation 3?5 suggests that there is no limit to
displacement of pHF with incressing salt concentration.

Peters {45) has further critiolzed GilbertRideal theory

because the experimental value for A A“ is quite different
: Cl

2e3RT
from the calouvlated values obtained from the date of Olofsason (44)

and Stelnhardt and Harris (3., 35).

5e1+9.5 Application of Domnnan Membrane Theory: To Peters

and Speakmar Theory:

Peters and Speakman (40) assuming that the external solution
and th:t as a vesult of preferential adsorption of HY at low acid
cuneentretion, the fibre is at a potemtial ¥, assumed to be constant
over the whole iunternsl volume v, I% was also ggsumed that the

anions and cations entering the fibre are equivglent to maintain



potential } coustant.

Applying the law of mass aotlon:

K, (Yw.com) = Fw.coom) (@)
(¢H+; = (H+)/}L
(Y47) = A (a)

where KH is the dissooiation constant of the carboxyl groups, and
A is oconstant = [ < expe{ ¥ F/RE):I, and sugerscript |
indicates the potential ot the solutiom or solid phase relative
_ N Z%nf?cates the potentisl of the
40 the external solution, S0lution or seclid phase relative to
the external solution
Applylng the Donnan-Guggenheim expression (45) for the
eglectrochemical potential of hydrogew lons in the external solution
- ;H =,|:H° (T) + RT L C P‘s’rH + Rﬁl.i‘z':i...,....fn)
where Ty is the activity coefficient and VH is the partial molar
" volume of the hydrogoen ion at a pressure equel to the mean pressure
of the two phases,
In the internal scolution
&1 =H, 0 ) + RT Loh-RT 1nxy + p?h + B ..l (20
At equilibrium these are equal, and assuming that
pho(T) = pHo(T) and '\-IH = ‘ﬁh and P-p = (Lﬂ/ffw)ln(w/‘{() where W and w
are the sotivities of water in the externsl and interusl phases

and V_ is its partial volume at a pressurc equal to the mén of P

and P



133

V.

I
mln o o R --E- o1 L oo ow
h v, w

ar if'_l,(ﬁ)rH
T, W *

sy jso

S QN U ;. W . )

where Ty is the ratio of the partial molar volumes of the hydrogen
ion and water. The amount of acid combined with the fibre, 2',
as determined by the difference in the amount originally present

and that remeining in the external solution, iz giveu by:

a' = w{AP 4+ h 4 Zmu) + V(H +44U) = (V + O(H + Zhl)
On the assumption that acid is sufficieutly strong to give

ihsignifica.nt velues of u and v, the expression

- 1
pH'..{_.L'z—-— PHex'h 4 ; 10g (?ar - H)Yz. ooo:c-"'e,'l')
Zz

iz obtained where YZ. =

Peters and Speakman assumed that the aetivity coeflielents
of K, X*7, and the aotivity of water are ideutical inside and
cutside the fibre.

The expression for a monovalent aeid then becomes

pﬂint-ﬂ.: 2pH_,\ = log _g,_% as H being small compare with %’

In the presemnce of gpdded salt, PHex‘t aﬁ&-p}{int + log X

8
-log—& ..v.aﬁ)

For low ionic strength pHt = log X + constant,
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Peters aud Speakman obtained similar titration eurves with
HC1 and HC1-KC1l, Vhen H2804 was used the result were as good as

for the HCl and this strengthened the suppert for the theory,

Criticisms of Peters and Speakman Theory

Olofsson (21) criticized the theory for its inability to
explain the different affinities of varicus anions for wool. There
had been prolonged discussion on this point by Olofsson {24,46,47)
and Peters (43,48) despite the fact that Steiuhardt ot. al. (37)
had shown conclusively that different acids, and therefore presumahl-s
different anions, have different affinities for the fibre, Peters
and Lister (32) and Peters {48) clearly, recognized that anions
differ in their affinities for wool, and in the latter paper
Peters syggested that his revised model fulfilled hoth the Gilbert

Ridegl and Peters-Speakmen theories,

5¢1.9.,6 4 Polyelectrolyte Theory of the Combingbion of Fibres

H— A

with Acid and Base: (49,50)

The bvehavior of wool fibre towards gcid and base is similar
in some ways to that of the soluble and inseluble polyelectrolytes
and various theories had been put forward to explain these propertier
of polyelectrolytes (51,52,53) and the wool fibres (34 = 41).
These theories, which are responsible for explaining the electro-
chemical functlon of the polyeleckrolytes, have been generally

besed on the use of the clectrostatic potential of the polyelectro-

1ytes,
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If the simple equation of Henderson-Hasselbalch for a
monobasio acid at infinite dilution is considered, then we have:
pi = pK, = log .(1 -a) /4 where ais the degree of dissociation and
2.8 is the dissociation constant of the acid. For the polybasic
acid, Bgerrum (54) had introduced the term of free energy (AFV) which
is the sum of the energy required to dissociate the proten from the
group (4F ) and the emergy to remove it ( A@?).

Therefore, AF‘v = =RT InK = ﬁFo + E.T
ifX = Koexp [ - AFi/H'] Then Fv = =RT lul(o & ﬁFi where Ko is the
dissociation constant wnich the dissociating acid group would show,
if it was the only ionisiug group of a molecule corresponding to
the basic group of the polymer. Then, the Henderson-Hasselbalch
equation becomes for a polybasic acid:

pH = pK, -103[(1-11),«1] = (04 3u30F ; /RT ) RO * 3
A correeponding equation was put forward by Hartley and Roe (56)
p = pK -10{(1-:;)/0.] + (0.4343%F/RT) ..........:5?)

The term X for electrostatic energy is taken to be AFi,
assuming that this was the only significant contribution to AFi.
The equations2f endZ¥ had been extended by Mathieson and
whewell (44,50) to insoluble wool and nylon fibres, Here, a more
detailed account of their theory has been put forward,

Etmmﬂ for the titration of a polybasic acid can be applied

to the titration of a fiybre.
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positive charges iu the fibre due to the fixed charges and Cﬂ
is the molar ccacentration ¢f electrolyte in the externzl solution,
¥ can be easily calculated,
For titrating by a poly basic agid in the presence of its
salt, e.g., sulphuric acid iu the pregence of sodium sulphate, the
corresponding equation will bve: ¢ ¥X/AT = sinh” CE/pZC
where ¥ is the waleuey of avion, and for an acid iu the preseuns
of excess of any poly-valeut Ealt,
tﬂ/h.'l"—‘ 15‘."""‘-"q/z‘z‘.z-l.;" where T 7§ are the valencies
of the ious of the salt., For two different acid with aniona )
and L respectively, pL, # pj;o Gilbert und Rideol supposed
that pl, = pj,], presuming the absolute electricol neutrality
in the fibre; but eguation@f shows that this is not true for all
aniong.
When the equation are gpplied to the acid titration of wool,
it is found that pK_:) is independent of solt conoeatration but
varies linearly with degree of dissociation, indicating that two
pK's are operatiug, qu = 3,58 for paired (salt-linked) groups
and pr = 4,855 for nonpaired groups nat o°c, present in equal o
proportiona, ( L:ncdh) L
The equatioufaﬂa become s ; bey
M = pky - log (1 -q)/q] - (0.4363/RT)(XF + 0T + &y :| o (38)
and [ = pK! ~ Log] (1-p)/] = (0.433/0)(KE 4 ¥, + a“x‘_::] ... (36)
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The equation for the acid titration of & polya.mpnoly{e 1like
wool will be:
= ) ~ dod (1)/8 | = (0.L343/RD) OF + 1Ty + 2K oo X)
where p}{(‘) refers to finite concentration.
If pi, and pH, refer to the fibre phase (internal pH) and
te the solution, respectively,
B, = B, = (O3L3/RE) OF + MW +8HG) oL vau ot wu (31)
Regardiug the tibration as taking place orly inside the
fibre, coansidered t o be unifom, and of ooustant volume, no

electrostatic, osmotic, or 'affinity' work is involved,
PH1 ﬁPKé"lO{('I-a)/C(] e b nne mam = A (3“)
Heﬂnej wz = PKE, - 10{(1"&)!/&] - (o'h%Bﬂﬂ\)(Wvﬂ + A“}o]) . kag)

As explained earlier pK! is the intfrinsic dissociation
constaut of the titrating groups in lhe fibre, wherens the A._;;; is
the differeunce of stondard chemical potential iu The fibre wnd
the solution, The differeiice arises ouly for those seids wnich
have different adsorption irn the solution and the fibres or which
anions dissocinte to different extents in the fibre snd in the
solutiou,

To caleulate the electrostotic potentiol for n polyampholyte
fibre

3
ex/Kl = 8.’1.!11'1-1 Cf/zcs u........&é“

whaere x is the eleetrosiatic potenticl, CPf is concentration of net
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Then, K, represents the dissociation constant of & particular
dissociating group of the fibre, and AFi the encrgy required to
transfer a proton from the neighborhood of the dissociating group
to the solution surrounding the fibre, According to Mathieson and
Vhewell, there cau e three contributions to AT, c.i.
(i) an electrostatic coutribution XF as a proton adjacent to the
dissociating group in uhe fibre is in a region of poteutiel x,
and is to be trausfered to the solution whose wet charge is zero;
(ii) an osmotic coutribution h'fH where li is the osmotic pressure
between the fibre and the solution and VH is the partial molar
volume of the hydrogen ion and (iii) and"affinity" contribution
ap;', the difference in staudard chemical potential of the hydrogen
ion in the fibre and in the solution. The complete titration
equation for a polyacid fibre is therefore

B = pky ~log|(1- 9/a] + (0.433/40 )(EIT, -41) ... 08)

where X is the electrostatic contribution, due to the
potential X and INH is the osmotic contribution, where Il is the
osmotic pressure between the fibre and the solytion and V, is the
partial molar volume of the hydrogen ion, and ﬁnﬂ° is the 'affinity’
countribution, provided there is any selective adsorptioun of acid
union in the fibre or difference due to the “ifferent dissociation

in the fibre and the solution.
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The value of pKé varies within the extrome vilues of pI{{‘1 and pKI',,

but the same value of pKé is obtained for a giveu value of u for

all concentrations of salt, Thus pKI'J and pKr:l could be found, as

the extreme values of pl{(') where & = 0 and 1.0, If P and g,are,

respectively, the fruwetions of the unpaired and paired groups,
16 = P(1-p) - gh1~q)

and pK! - losr(%a/a] = Pk - 1°ﬂ. (‘l“‘P)/P] = pKj - los[ﬁ-q)/q]

P and 9 can be obtained as well as pK;'} and pK:;

S5et+%2.8 Comparision to the other Theoriea:

h Gilber and Rideal supposed thut all anicns in the fibre were
.spée‘ifically adsorbed; whereas Peters and Speakman treated the
fibre as possessing a s0lid phase, anclogous to the Dounan membrane,
and a liquid phase consisting of the swelling fluid, and caleulated
ait intermal pH, which is aot measureable, relating to this fluid
phase, Mathieson and Vthewell's theory tokes the fibre as a
single phase of lknown volume and puts more emphasis on the external
pH of the solution, The internal pH is used ouly iu the process
of’ the seoond derivatiou of the titration equation aund refers to

the whole fibrae,
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S5e249 EXPERIMENTAL

pH Meter

For measurement of [H at constant temperature, a pH meter
which ean measure with a precision of £ 0,02 pH usits is reguired.
A @ meter WG,PYE, model No,290 was used throughout the titbtation
experiments, Tue pH meter was attached to u gluss electrode aud
a calomel electrode, Tuie usual precautions were adopted to get
correct reaults, All observations for a siugle curve were at
constant temperature, for which a coustant bath of 25°C was used
throughout this work, ‘'he (olythene bettles were always kept at
tnat temperature aud they were taken out wheuever pH was to he
determined. The water was wiped off from the side of these
bottles before introducing the electrode ussembly to measure the
pH of the solutionm.

| To standardise the gl meter at the temperature 25°C the
standard buffer sclutions were used whose pH was being determinsd
at the same temperature. Two types of buff'er were used:
(a) 0,05M potassium hydrogen phthalate, (p=4.O0dat 25°C)
(b) a mixture of 0,025M potassium hydrogen phosphate and 0.025M
di~sodium hydrogen phosphate (i = £.86 st 25°C.

The tests on the electrode assembly using two buffers were

always performed before and after each set of observations,
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Reagenpts
For acid titration hydrochloric acid of AR guality and for

alkaline titration scdium hydroxide of AR quality were used,

The rest of the reageuts were also cof the same standard,

5.2,2. Purification and Extraction of Wool:

The wools samples were cut off at ihe euds and roots,
tollowed b, successive exgraction with c¢rher aud alconol 1o a
soxhlet apparatus, providing 40 syphonings at the soxhlet
raservair in each extraction. The axtracted wool was washed in a
large gquantity of distilled woter to remove pleohol and dirt,
The wool was further dried with filter cgper. It was finally stored
in a desicoator containing saturated agueous ammonium nitrate to
give & relative humidity of 6% as mear to 25°C as possible.

Prior t¢ the use of the wool it was kept in the desiccator

for canditioning at least for a fortnight.

5¢2¢3 Determigation of Iso-Tonic Point:

The iso-icaic points of weols were aseertained by the method
used by Lemin and Viokergtaff (13) which is based ou the measure-
ment of the pH volues of a series of acid and alkaline sclutions
in equilibrium with wool in the sbserice of a saell amount of a
noutral salt, If tae equilibrium pH value is in the neutral region,

the shif't of pH due to the addition of salt varies linearly with
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the internal equilibrium pH velus, The iso-ionie point is the pH
value which corresponds to zero variation in pH, and can be agcurately
determined by simple extra-polation.,

Duplicate samples of conditioned wool {exactly one gram)
were placed in 100 om’ congical f'lasks together with 50 om® of
hydrochloric acid or sodium hydroxidd solution of FH value
between 3,0 and 10.0. In each flask, 0.1 g, of sodium chloride was
added, then shaken vigorously and maintained for three to four
days at 25°C ( & 1°%C) with containuous shaking. The pH values of
the splutions were determined potentiometyically and the changes
in the pH saloulated., A PYE pH meter model No.290 was used, which
was culibrated agaiust Potanasium hydrogen phthalate buffer
(0,058 at 25°C is 4.01 pH),

The results of a typical experiment are shown in the tables
No, ﬁ,',"ﬁ-',i’{.-ﬁ for throe varieties of wool, When, pH was plotted
ageinst fipal fH values in absence of golt a straight liue was
obtained (Fig.:-:;:':ll ) and this liue cuts the pf oxis at a value
corresponding to ;ldefinite M vglue, This is defined by Lemin

and Vickerstaff as an iso-ionic point (13).

5.2.4 Adjustpent of the Initial pH of the Wool at the Iso-ionic
Point:

It is necessary to adjust the pH of the wool to its iso-ionie
point before the actual determination of the acid and base~

combining capacity of the fibres., The pH of the wool was adjusted
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by immersing batches of the wool in large volumes of a very
dilute solution of hydrochloric acid, After keeping the wool in
the acid for 24 hours, it has removed and washed io puccessive
large volumes of distilled water wutil the recorded pH velue is
expotl, the pH of tne iso-ionic point, Finally the wuol was treo

removed, dried by the filter paper and stored at €9% RH, and at

25% in a desiocator ocoptaining saturated agueous ammouium uitrate,

5.2.5 Determination of the Acid Combining Capacity of Wool:

One gram (+ 0,001 g) samples of conditioned wool were taken
in 12 different polythene bottles. In egch bottle 50 ~.@ of
hydrochloric asid of different strengths (p{ range 0.1 to 5.0) was
added. Before adding the wool, the concentratiou of the acid
was determined by the standard solution of snd''m hydroxide using
bromo-phenol bluc as indioator or by pH measurement, as appropriate,
The pH of the acids which were above 2.0 was deternined with a
pH=-meter, Then a one gram sample of wool was added to cash hottle,
These bottles were vigorously shaken for few minutes, and sllowed
to atand for 3 - L days to reech the pH at the equilibrium state.
Seventy-two hours were regerded as sufficient for equilibrium to
he reached, The bottles were shaken occasionsl’ly to accelerate
the absorptiod. Ou the fourth day, the pH vzlues of tne solution
were determined either by titration of an aliquot of the solution

or potentiometrically by the pH meter, as before,
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5.2.5 Determination of the Alkali~Combining Capacity of Wool:

One gram (40,001 g) samples of conditoned wool were taken
in 12 polythene bottles. In each btottle RO 0m3 of sodium
hydroxide soclutiopn (pH range 9,0 to 13) were added, The sodium
hydroxide solution was prepared by dlluting carbonate free
eaustic soda solution with Cdz free distilled water, The pH of
these solution was determined using the pH meter up to pH 11,0, but
the pH values greater than this could not be obtained tnis way,
Hence, an aligquot of t e solution was titrated witn standard
hydrochloric acid solution., After adding wool to each bottle, a.::ﬁ
shaking vigoroustly, they were kept f'or thres days, Oun the third
day the pH value of the solution was determined either hy titration
of an aliquot of the solution or with the pH meter.

Tue amount of acid or alkali combined by the wool o th2
final pH of the sclutions was caloulated from the values of
initial and final pi=~valuea of the sclution, The amounts of acid
or alkali cambined with the wool were expressed in milli-equivalents

of acid or alkall per 100g dry wool.
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Table No, D1

Determination of Tso-Tonic Point Nigerian Merino Wool.
Final pH ia Final M ia A
absence of salt presence of azlt

2,60 | 3.50 “1e3
3,00 4,03 ~1,03
3:30 . 4,30 -1,00
3270 L.62 ~0,92
5.00 88 -0,88
5.0. 54D ~0.45
6.75 6.70 +0,05
7.02 .90 . +0.12
7455 7429 +0.26
8.00 el +0.55
10,55 9.40 +1 .45
10,60 9.42 +1.18

Table No. 5.2

Determination of Iso-Ionic Point Cross Wool
Final pH iu Final o in

abgence of salt presence of aszlt A mH
3,16 3.67 ~0.51

3. 78 4420 ~0.42
4,90 5415 0,25
5.72 5.90 =0.14
£.58 .60 ~0.,02
659 £.58 +0. M
7.50 737 . +0,13
Te0h 6.8Q +0.24
8.24 7.8, +0.40

9,95 Qedids +0:50
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Tablﬁ No. 5.3

Determination of Isc-lonio Poiat Yankasa Wool
Final pH in Final pH in A pH
absence of salt 4in presence of salt
2,00 2.70 -0,70
2.80 .35 =055
3.70 4.10 ~0.40
4.30 L.55 -0.25
5.00 5.20 ~0,20
5.60 5.66 ~0.06
5.80 5.8, -0, Q.
6.80 6.65 +0,15
740 7.5 +0.25
8.10 1.22 +0.38
9.10 8.48 +0.62

9.%90 9.18 +0,72
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5.2.7 Determingtion of the Aeid and Alkali Combining

Capacity in Presesce of Sodium Chloride:

In order to study the effect of salt coucentration upon the
acid and alkeli up~take by the wool, auother set of experiments
was performed, Two different iouie streangths were chogsen:

1.0, 0.1. HMeasurements of the acid and alkeli combining capacity
were mede in the presence of 1.0, 0.1, M sodium chloride, The

procedure adopted was similar to that previously described except
that the acoid and alkall solution in which the wool samples were

placed contained 1,0g mol/1l, O.1g mol/l 1 sodium ohleride.

bDetermination of the Acid and Alkali Combining Capacity in
Pregence of Divalent Cations Zn(IT1), Ma(II), Ni{II), Co(II)

Measurements of the acid aend alkali combining power were
also made in preseunce in the solution of ZnClz, MaC2,, NiClz,
00012 of different ioumic atrengths. The procedure was identieal
with that previously described except that the solutions of the
ehove memtioned salts were used inatead of sodium ohloridz,

The followiung combiunations were tried:

Nerino ool

(a) Acld titration
(i) No Salt _
(i1) Aeid + 0,14 selt (Na.Cl)

(414) Aeid 4 1,04 salt (N.C1)
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(b} Alkali titratiou

(1) Nea OH - no salt
(ii) Na K + 0.1M salt (Ne.Cl)

(4ii) Na CH + 1.0 salt (Na.Cl)

(c ) Divglont cation = Titration

(1) Acid + %‘ ZnCl, {ionic atrongth: w=1.0)
(ii) Aoid +% MnCl, (ionic stremgth: u = 1.0)
(ii3) Acid 4 -'i-_,;‘ NiCl, (iomic stromgth: u = 1,0)
(4v) Adic +§ CoCl, (donic strongth: u = 1.0)
(v) Aocid + %0 ZuCl, (ionic stremgth: M = 7.1)
(vi) Acid + -;40 MaCl, (ionic strengkh: B = 0.1)

(vii) Aoid + -1“3[0 CoCl, (iamic strength:p = 0.4)

L= == j

(8) ~Divalent Catton - Titratiou = (in Alkeli)

(1) Na®H + %‘zmuz (Ionic strength:

M
3

(iv) NaOH + % Cofl, (Tonic strength:

{i1i) NaOH +

K

(11) NaCH + %‘ MCl, (Ionio strength: u=1.0)
NiCl, (Ionic strength:

M

{rosa Wool
{a} Acid Titration
(4) No salt + HC1

(11} Acid HC1 + C.1M NaGl
(i4i) hcid HCL + 1.0M NACL



149

(b) Alkali Titration
(1) Na@ No salt
(ii) NaGH + 0.1M NaCl
(iii) NaO{ + 1.0M NaCl

(¢) (e) Divalent catiou iy presence of hcid-Litration
1.0)

(1) Acid HC1 + ; ZoCl, (Iouic strength: y
1.0)

(11) Acid HC1 + -’3‘ MnCl, (Tonic sirength: i

1,0)
1.0)

(1) Aoid HC1 + % NiCl, (Tonic streagth: i

n

(iv) Acid HC1 + % CoCl, (Ionic stremgth: p

Yankas Wool
(a) Acdd Titratios
(1) HC1l - No salt
(ii) Acid HC1 + 0.1M NaCl

(iii) Aecid HC1 + 1,.0M NaCl

(b) Alkali Fitration

(1) NaOH + No salt
(i1) NaGH + O.1M NaCl
(1ii) NaGH + 1.0M NaCl

(e) Divalent Cation in presence of Acid= Titration

1.0)

(1) 4cid HCI + 13’ 2nC1, (Tonic strengnt: M

(11) Acid HC1 +  MaCl, (Ionic strenght: M = 1.0)
(14i) heid HCL + % NiCl, (Tonic strenght: y

1]
-
.

o
S

]

-
‘0
S

(iv) Acid HC1 + -’3-‘-' CoCl, (Ionic strenght: p
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5.3.0 Results and Discussion

The experimcntal data obtaincd for the titration of different
wools are reported in the Tables 1 to 38 in the appendix and
graphs are plotted (vide Fig.gii )« Thesc data“rc obtaiued for
three diffcropt sorts of woo?,.(uerinO, Cross and Yankasa).
The effect of salt concentrations (NaCl) on the acid-base titration
curves f'or wool are also obtained and illustrated in figures ac 3¢ 3%
The reeults of acid titration in the presence of metallic ions are

separately discussed,

5.3.1 (Characteristics of acid-base titration curves:

The ue.d titratiou eguatiou for a w.ol given L Mathiesou
and ¥hewell (50) is used to calculate the PK! at various ionmic
strengths, To calculate the net concentration of fixed charges,
the swelliug of' the wool has to be takeu into account., s there
is little efiect of theaacid ou the degree of swelliug, the swelliug
in water is used turoughout the calculation, toxether with tne
density of' wool,

The equation for the titration is:
B = pK} -log (1-%) -_o_._t_m}_[‘l’p a7, _AuHo] o (’2 <)
a X
R

Where pK'! 1s the intrinsic dissociation constant of the
titrating groups in the fibre, @ is the degree of gissociation, ¥
is the electrostatic potcutial of the fibxe, [l the osmotic pressu~-
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V. the partial molar voluse of the hydrogen ion, and p]: the
difference of standard chemical potential in the fibre and the
solution,

In case of the hydrochloric acid titration of wool, the
osmotic pressure, And differcuce of standard chemical potential
in the fibre and t he solution may be neglected as the fibre is
uniform throughout. The equation by Hartley and Roe (5%) is most
appropriate for calculation or pK). Their equation is:

@i = pk - log (1=9) + (0.4343)/RT)

The modified equation which is more simple and in the presence

of salt added, following rclationship is more useful,

# = K, - log (1L-9) - 0ult3 sioh” (/2C,)

where @ is tne degree of dissociation, C = 0.90 (1-@) 1.1.1'_1_2_8_
1

the term 1.4 is tzken as the density of dry wool, 140 is swelling
factor correction, C, = ioaic strength ( u= 0.1 t;am Cy = 0.1)
The above equatiou is applied to calculate the p.K(') where
B = f + 10g 10+ 04343 g™ (c/2c,)
In order to caculate the pK! in the presence of L' the valr:

of metal ions are to be also included.
Hence, pK in this casc is pky = pH + log 1=g + Ou4343 8inh™ (C/LC_)
L 8

The Table for pK! values for acid tifgration is given on page 45/
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TARLE O, 5,4

MERTNO WOOEL NO SAIT ADDED, HCl. C = 1.05 (1 - k)
pH, 1= 4 c ¢ (C1) c/2C;  0.43u3 pK,

siph™
c/2cs

4 a25 0.1 0.405  5,62x10~5 930 - 6427
3415 042 0.240  7.08x10°% 449 2.6 L7
2,55 Gu3 0.35  2.82x0~° 56 2,05 L.23
2,30 Ous 0420  5.01%4075 42 4,92 b0l
2.05 0.5 0,525  8.,91x10™ 29 1,76 3,81
180 0.6 0,630 1,508 20  1.60 3,58
1,65 0.7 04735 2424103 16,4, 4,52 3,58,
1,35 0.8 0840  L47xt07? 902 41,28 3.2
0.9 09 0,945  1.26x107  3.80 0,89 2.7k
TABLE MO, ¢ r  CROSS WOOL, 1O SAIT ADDED, € = 1405 (1 ~%)
1450 0. 0,405  1,0000°% 525 3,02 6,07 ¢
340 0,2 0,210 7.9x107% 132 2042 4.9
2,45 0.3 0,35  3.5501073 0.3 1.9 5403
2.00 0 0420  1.00x10™2 29,0 1.63 345
1,70 0.5 0.525 2,0001072 13,4 4,42 3412
1455 0.6 0,630  3.55x1072 8.9 1.25 2,88
1,30 0.7 0.735  5.00x10"2 T 1,47 2,8k
1,20 0.8 0.840 6, HxI0™2 6.7 1.3 2,84
0,90 049 0545  1.26x0™ 3.8 0.89 2,74

VALUES OF pKo FOR CRDS3S WOoOL Ar TEMP, 259

NO SALL ADDED,
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T ABLE NO, J+6 YANKASA S700L N0 SAIT C = 1.05 (1 -~ o)

iy (4 =) © CsliCL) C/265 0343 K,
sinh™
0/203
545 04 0,105  3.50x10~6 15000 L.u8 8,98
L. o60 0.2 0.210 2.5x0° 4180  3.92 7.0

3.5 0.3 0,315  1.78:0°% 885 3,25  6.63
3405 Ol 0420  B.:x0% 236 2,67 5 454

_'-'-'z.'ss 0.5 0,525  2.2b00°3 447 2,57 5,02
2435 0.6 0.630  L47x1077 705 245 L4553
205 047 0,735 B, MK 140 4.9 4..33
1.5 0.8 0,840  2,2.x107% 13,7 1,57 3,33
1 400 0.9 0.95  1,00x10 4,72 0,98 2,93

VALUES OF pK, FOR YANKASA WOOL A0 TEMP = 25°%

NO SAIE ADDED,




. 174
57
V470 0. VALUES OF pK, YOR IFRINO WOOL & TENP. 25%
IN PRESENCE 00 Q4L NaCl
© MERINO WOOL

€ = 04
i pHo =4 “(‘:_ C/2G, Oel343 PR
i _ : sinh=1
| C/2Ca | L
5.5 om 0m05 0525 022 has2
4ot O 042 0,280 1,05 Dol 3.89
3.35 Gu.3 0.5 1 .58 Ql5L 3.52
2,80 Ouls 0,520 2,40 0.65 3,27
2.30 0.5 0,525 2463 0.73 2403
£.85 0.6 0630 3.5 0481 3,00
1479 0.7 0.735 3,68 0,87 2.99
1450 0.8 0.84,0 %20 0,93 3404
1,00 0,9 0.5 k73 0,98 2.9

TABLE 10,58 vaLums o mK, FOR IIRIMD WOOL
JERIKD WOOL, 4,04 NaCl, IN PRESEIE OV 1,0k NaCl

5 65 Out 0.105 0,053  0.02 472
5«00 0,2 0,210 0.105 0,05 Lolidt
L.35 0.3 0.315  0.458 0,07 5o05
3,80 Ol 0420 0,210 0,09 3,61

3430 0.5 0,525 0.263 0.1 3t

2475 0.6 0,630  0.315 0.3 3,06
2,20 0.7 0,735 0,368 016 2473
1.75 0.8 0840 0420 0,8 2.5l

1 .1 5 0.9 009!{’5 0011-73 0020 2-35
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TABLE MO, VALUES OF pK, FOR CROSS WOOL & TEWP = 25°C
CROSS WOOL IN PRESTNCE (F 1,0 N NaCl
B : 7S PR & c C/2C,  O.343  Log 1ot PE_
- sinh™" &
¢/2C4
5oti5 0.1 04105 0,057 0,02 ~0,95  h.52
%4495 0,2 0,240 0,05 0,05 06t he39
4455 0.3 0.345  0.158 0,07 - W37 k25
L0 0.k 0,420 0,210  0.09 0,48 4.0
3465 0.5 0.525  0.263 0,11 0.0 3476
3.25 0.6 0630  C,35 013 +0.48 3,56
2475 0.7 0,735 0,365 0.46 +0.37 3.28
2,05 0.8 0,840 04420 9.18 +0,61 2 .94
1465 0‘;9 0.5 CL73 0 0.20 +0,95  2.80
TABLE No, 3-10 .
CROSS. WOOL, 0,4 I NaCl, C= 1,05 {(1-2K) .
r . e - . R p‘. s
5415 Qu1 0,105 0,22 ~0.95  Lu.42
LotiO 0,2 0.210 Oudy' 061 4ot
1400 Q3 0,315 0,54 ~0,57 ot 7
3460 Ous 0.420 0465 048 407
3410 0.5 0.525 ' 0,73 -00,0 3.83
2,65 0.6 Q.630 0.84 +0,48 3.6
2,25 0.7 0.735 0.87 +0,37 3649
1.85 0.8 0,840 . C 9,93 +0,61 339
1425 0.9 0.9 0,98 +0.95  3.80

S e T ]
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TABLE N0, 6,11 YANKASA WQOL, 1,0 MNaCl C =1,05 (1 =-«)
VALUES OF pK, FOR YANKASA WOOL A TEMP = 25°C,

pHp e c 04343 K

sinh™

c/2C,
6405 041 0,105 0,02 5e12
5485 0.2 0,210 0.05 5429
5.65 045 035 0407 535
Seit5 O 04420 0,9 5436
515 0.5 04525 0411 5426
4470 0.6 0,630 0.3 5401
L.25 0.7 0.735 0.6 4.78
3455 0.8 0.840 0.18 o3l
2455 0.9 0,945 0,20 3470
175 © 0,95 0.2 3422

TABLE NO,5.12 VALUES OF pK, FOR Y/ANKASA WOOL AT TEMP, 25°%
IN PRESENCE OF 0,1 M NaCl,

5490 0.1 0,105 0.22 5617
5430 0.2 0.210 0.40 5409
Le70 0.3 0315 054 4,87
4o 30 Ook 0.420 0.65 477
3.80 0.5 0.525 0.73 Le53
325 0.6 0.630 0.1 Lo2L
2.75 0.7 04735 0.87 3499
2,10 0.8 0.840 0.93 3464
1425 0.9 04945 0,98 3.18

0.75 0.9 1.00 1Q00 3.0t
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pK! Values for Acid Titration of Wools (25%)

T able No.

5. 13.

1-0 YANKASA MIXED BRED MERINO MMMH

mwwﬂo;z 4.0M| AV Mmm_o;: 1.0 AV mmw.« 0.1 1.0u | J_EMWHP
0.1 | = (5.7 w.ﬁ Selle| =  (Lul2{8a52) 4ol7) = |%4.52 1,82 k.62 | 4,55
0.2 | == 15,09 (5.29|5.19f bho 9 | 4019 4o 39| 4.50| 5, 00| 3. % lteatids looti6 | hots9
03 = 1487 15.3515.22) 4,03 | 4017 | 425| 4015|4423 3,77 4.05 .02 | 4,09
O | = [4.775.36 (5013 3.45(4.07 |4 01! 3,84 |4, O 3.57 13.61 3.7 | 3.79
05 [5002)4.53 5426 |4.94) 3.12|3.83(3.76/3.57|3.82|3.33 [3.41 [3.52 | 3.55
06 |4.68|4a2k (5.0 [4o64)2,88|3,64 3.56]3.39!3.59|3.19 [3.06 [3.28 ' 3.3, .
07 |4e33] 3,99 (4478 4o 37] 2484 | 3.49|3.28{ 3,21 |3.54] 3,09 [2.73 3.12 | 3.17
08 13,83 3.64 [4e3h 13.92.84 (3,39 (2884 3.02{3.24(2.79 [2.54 £.89 | 2.96
0.9 [2.93(3.18(3.70(3.27|2.7%{3.18(2.80{2,%1 |2, 74| 2.64 [2.30 .56 | 2.7
0.95] = |3.,01[3.22|3.12( = B - - -
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5.3.2 pK: values for the acid titration of wool:

The results giveu in ths table 1-737 for the titration of
tnree varicties of wool by HCL in the sresence of sodium chloride
are interpreted by the th€ry put forward by Mathiesou aud Whewell
( S$¢)e Some comments to explain the behavior of these wools are
given below,

The results show that pI{"D is reasoungbly independent of iopie
strength within experimental error,

pK! falls as (17) rises for all the wools, The pK! values
for the different wools are relatively close to cach other.

This agrees with their similarity in amino acid composition {vide
chapter 2) and structuie, espeolally for Merino amd Cross wools.
A simple equation describimg the relationship bhetween pK\') and
(1-&) has been establishod far Merino and Cross wools:

PKY = 4B =2,6 (1-0) vu cw . . . (37)

The Yankasa wool behaves differently., Whew the relation of
pK} to (1-4) is found for the results for Yankasa wool, it is
found that pK; varies between the same limits as for the other
wools, i.e., (4.8 to 2,6) but wot linearly. In the beginniug, as
(1-2) increases, the pK; values remains a.ppro;c:imatelj coustant up
to about 1-¢ = 0,5, then they fall smoothly till they reach the

minimum value of 2,6, \ A

fat
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The maximum acid cogbining capacity obtained by titration
for different types of wool are given in the Table 3.14, Consistency
ia shown in the acid up take by HCl, They have 89,3 - 90,0
milli-moles per 100g of titrable seld groups. These results are
in accordance with the reaﬂ‘i’s given by different workers (Steinhard
and Harris. (17)

| When titration proceeds from neutrality, wocl titrates
preferably <G00 groups not salt linked to the basic groups.

" Merino behaves similarly to the Cross wool, so they have
equal numbers of salt-linked and non-linked groups like Lircoln
wool (50), The maximum value of PK] is considered to be pfcl; = 4.8
and mipimum value {2.6) is PK"EI' It is noted that pK:l of the rcali
linked groups of the wool is laower (2.6) as against 3.3 (25°%)
for Lincoln wool, The p]{l; and pK; for Lincoln wool at dilforc.it

temperature are given below (56).

Linooln Wool

Temperature °C PK! 23
o 4855  3.585

25 4. 95 3,33

30 5,06 324

It seoms that the salt-link is stronger and the groups are pethaps

closer together in jlerino and Cross than in Lincoln wool,
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Initially, Yankesa wool titrates only non-salt linked =C60~
groups. These are nearly half of the total groups which are
titreble, Thereafter, both salt-<linked and rnon salt-linked groups
are titrated, but less than one quager of the total are salt-linked.

I+t is also noted that Yankasa wool has a bigger affinity
towards acid as compared to the Merino and Cross,

- The titration curves for alkall without added salt (vide
Figure a;: le are in the order of Yankasa wool?Merino) Cross up to
t1.5 pd. Below 11,5 pH for the ionic strength of 1,04 and 0,1 (NaCl)},
Lhe order ia Crosa> Yankasa wool} Yerino, Above pH 11.5, the order
of the titration surves is Croas = Merino) Yankasa Wools for all
the iomio atrength and for no sglt present, There is not muoh
difference in the behavior of these wi@ols in the alkaline titration.
Up to 11.5 pH, perhaps about the same number of jonisdble groups
are titrated and perhaps the sume factors cperate.

Above pH 11.5, hydrolysis may be effective (due to high
concentration of alkali) which may be responsible for the dlif.‘ferent
behavior of these wools., It is glso noted from the titration data
that below pH 11.5, histidine, lysine and temminal amino groups are
fitrated, | Above 3l #,D, the titradle groups arc those of tyrosine
srginine ond hydrolysis products, The intersestion of the alkaline
titration ewrveo ot (bout 11,5 H suggests that apout the same number
of lysine, histidine cad torminnl wmino groups wre prescnt ih the

threv wools, but perhaps titrate more easily in Yankasa wool,



Table NoP»1l4

Maximum Combining Capacity of HC1 By Different Woolg.

milli-moles of HC1/100g of wool at Temp. 25°C

161

In preasence Merino : Cross Yankasa
of H=1.01u=0.1u=1.0 Ho=0.d (U =1,01F = Q.

No salt 83.3 - 88.2 - 89.3 -
Nacl 83,3 89.3 88,2 | 88,2 89.3 90.2
c§012 ; 120,0 95.0 | 112.0 - 160.0 -
znCl, [104.0  [120,0 | 102.0 - [108,0 -
NiCl, 130,0 | 95.0 | 138,0 - |150.0 -
UnCl, 122.0 [100.0 | 125.0 - 104.0 -
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5.3.3 Interpretction of Acid Titration iu Terms of Amino Acid

Composition (in Presesce of NaCl Only)

Table No.5,15,
| A
The Total Amino ncid (Basic) M: Moles/100g of /ool

Amino Jjcid Merion Cross Yonkasa

ARG. 62.5 57.0 59.7
LYS 25.3 24,0 2941
HIS. 6.1 5.9 549

TOTAL 93.9 86.9 s 7

A8 previously stated, the same amount of acid is taken up
(86 == 94), due to the presence of charged lysine, histidine and
arginiglgroups, There seem to be no effect due different ionic
strength, The acid uptake is approximately constant (T 90),

If calculation is made on the basis of the amount of acid
required ror titration of the acidic side chains of wool which are
ioniged at nmeutrality, from the amino acid composition of the
different wool, the theoretical acid-binding capacity of the wool
is from 86,9 - 94.7 milli-moles/100g.

Hence reasomable agreement is found between the calculated
values of these groups from the titration data and the amino acid
composition; but there are more acid groups already there as - COMH

or ~<CONH, as shown by the content of glutamic and aspartic acid
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{see the table}. In presence of divalent melal ion some or all
of these =COOH groups will have bocome ~CO0 M ot neutrality and
80 be available for titration by HCl,‘ thus increasing the maximum
acid combining capeoity above S0 ;:d;oles per 100g in the presence
of the metal ion., This olearly demonstates that divalent metal
iona do bind t0o carboxyl groups and exchonge with hydrogen ion in

the process,

<

5,3.4 Interpretation of Acid Titration in the Light of Acid

Titrgticn Theories:

| The theory of Mnthieson and Whewell {50) is the extension
of the theory for the soluble polyelectrolytes. Tuis theory
considers that the electrostatic potentialiwis the key term in the |
titration equation. The complete equation for polyelectrolyte
fabre is already 3iven earlier on page 134 When the theory was
applied to Lineoln wool, (1-0t) was plotted agoinst PK}, o straight
line was obtained, The results of the ¥itration of Merino and
Crosa wools show thot p!{é varies with {-¢ linearly, but is indepen-
dent of ionic strength, This indicates that the theory is obeyed
and the osmotic term i8 negligible. The relation between the PK}
end 1=~Q has already been given. The pl(;‘ of Merine will be 4.8 and
. pK:i for the same wool will be 2.6.
So far as Yankasa wool is considered, its bohavior is

slightly different
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TABLE IO 5,16

VALUES OF pK, for MERINIO WOOL AT T EXPERITURE 25°¢

IN FRESHICE @ 0,33 WZrCly, C, = 0.33

£l BT 0343 i Pk

; S = »

! ! sinh

: i

| \ €/40,
2 o | 0405 0.03 3.28
2,95 L0w2 l 0,240 0,07 3
3 | 03 1 o 0,10 | 3
3.8 L O 0.4,20 0ab | 3.
3425 0.5 | 0525 047 % 3.1
3.03 | 0.6 I 0.630 0.20 r 3471
2,78 0.7 0.735 0,23 | 3.8
2,53 0.8 0,840 0.26 { 3 .40
1,98 0.9 04945 0,29 3,22

i
5,17 MERTNO WOOL { O+ 33 ™M  Mally) ez 0-3%

.80 ' o 0.05 0,05 | 3.88
bl | Q42 0,210 Q.07 ’5 3459
Seld 0.3 G.315 0.0 ! 3.8
2.77 | o 0,420 0.14 | 2,73
2.50 0.5 0,525 0,17 | 2,67
2,35 0,6 0.630 0,20 | 2.63
2,22 0.7 L 0.735 0.23 | 2.82
2,09 0.8 0.840 0.6 ! 2,%
4,02 0.9 0945 0.29 L 3,46
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, omtmen— me e

TABLE NG, 5,18
VALUES OF pK, FQR MZRIIO WOOL T TEMPERATURE 25%
IN FRESENCE OF 0,33 1 NiClo 30IAT ION
C_ = 0.33
o, 1=4, c Ouli303 e
sinn™
c/h.Cs

5.30 0 0,105 0.03 . 438
b0 0.2 0,210 0,07 136
a0 0.3 | 0315 | 0.0 L 423
et 2 0., 020 P 0ak ' 4.08
3,75 Q.5 0525 | 0u? | 3492
337 0.6 | 0,630 0.20 L 375
2.37 © 0.8 0840 1 0,96 3.2

21 : : !
2,11 0,9 i 0,945 1 0,29 335 —
(LABLE NO. 5,1 9RINO WOOL CoCl, (0,33 W ) At Temp. 25°C
542 . 04 0405 0,03 | 4428
Ia78 . 02 L 0,210 1 0,07 a2t

. ! i |
21-.55 i Oo3 ; 0.31 5 ! 0.1 Q E l{-.OB
3495 1l Os 1 0420 | 0. 3.9
3.55 DS i 0525 | 047 P32
345 | 06 | 0.630 | 0,20 | 3453
2,62 Pog L 0.3 ; 023, 3,22
2,23 | 0.8 | 0.840 | 0.% | 3.0
19 ] o 1 oowms i 029 1 o3as
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.-y
*.

TABLE NO 53Z0VALUES OF pK, 7O GROSBS WOOL AT TEUP. 25%

IN. 7 PRESEICE OF 0.33H 4n6l, SOLUNICN G, = 0,33
o, BT ¢ Qub343  pK,
siuh™ |
r | /s
W92 ¢ 0a 0.405 0,03 4400
WS L 02 020 0,07 [ 4400 |
L2 1 03 om5 . 040 | nOf
bOU f 04 0420 oAk | 397 |
: | ; ,‘ |
364 i 0.5 - 0,525 . 0.4% i 3. g
13,02 0.6 0.630 0,20 i 340
239 | 0.7 0735 - 0.2 L 2,99
248 7 08 0840 ., 0.26 | 3.2
t
o Fm;g,' 23 VLLUES OF pK FOR CROSS WOOL 4 TEMP,25%
: IN PRIUSENCE OF GoCl, ( 0,33W ) SOLUFION Cg = 0,33
54z N 0405 f 0403 [ 420
b2 1 0.2 L0 ) 0,07 3.98
ha22 {043 i 0315 1 040 3495
Le06 P O L0420 . 04 I, 02
382 105 i 0.525 ' 07 3499
3452 P 0.6 © 0,630 | 0,20 34,90
2015 ;0.8 L 04840 | 0.2 3.02
1492 0 0.9 L 0.5 - 0,29 I 3an
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TABL 0 5,22 VALUZS 0F pK, FOR CRO33 1(OL AT TEIMP, 250C

Ii PRESEMCE 07 §.33 U MNi6l, SOLUIION, C, _ 0,33

i, 1wy c 0433 . DK
i sinh™
| C/uCg )
1 z
i 5.18 0.1 0,105 0.03 ; 426
s !Foall- 0.2 0.210 OIO? : 1&.50 !
i i

| 423 0 0520 . Oax | ka9
| 1403 0.5 05251 047 | 1420

| 3,80 0.6 0.620 ! 0.20 } Lo1B
' 3057 0.7 0.735 ; 0.23 ! b7 |
! 33 0.8 0.840 | 0.26 L ka7 :
| : |

3.0 0.9 0,945 0429 f b2 '
TABL,5,23. VALUES OF pK, FOR CORSS WOOL AT THIP, 25%

LN _PRESENCE OF irCl, ( Q33K ) SOLURION, C_ = 0433

: 5"'!‘8 0.1 0.105 1 0C03 i #056

541k 0,2 0,210 0,07 . 4.60

\ "i-.az 003 0.31 5 | 0.10 i 1&05)

1459 0ok 0u420 | Ok Kake® 1..55

4a32 045 04525 0,7 iR L9

’I-lm 006 03630 0-20 h--}a

3462 0.7 0.735 0423 P he22

3.6 0.8 04840 0,26 4,03

1280 049 0.9%5 | 0429 L oOl |

—

-

g . — ¥
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TAZLE 10, 5424
VALUTS ¢ piK, YATTUSA FOCT AT PEP, 5°C

-

IFN PRRSEICE OF 4nCl, (0.33H) G, = 0.33

B i e ittt
Py 1= A c 0,4343 DK,
sinh™

- - c/ws ———
L4£5 0. 04105 0,03 593
4430 0,2 04205 0,07 3.76
4400 043 0315 0,10 303
342 Qo 0420 Oeil 3486
3.70 045 0,525 0,17 34687
37 0.6 04630 0,20 3485
332 0.7 04735 0425 3492
3,02 0.8 0,840 0426 3,39
2472 0.9 0.915 0.29 3.9

TABLE 105,25 VALUZL O' pK, Yankaaa WOOL A7 TEP, 25%,
1¥ PRE.ZEE 0 CoCly (9,33M) SOLW ION C4 = 0,33

Ll - —— - —— = - — - e A e .- -

LB2 0,1 0,105 0,03 3,90
LoLl, 0.2 0,205 0,07 3.90
4406 0.3 G315 0410 3.79
3,70 O 0,120 0L 3,66
3l 045 04525 0,17 37
2497 0.6 0.630 0,20 3.35
2.62 0.7 04735 0.23 3422
2439 0.8 04850 0,26 3.26

2422 0.9 0,915 0.29 36
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3

LBLE 10,5426 VALUSS 0 pK, 201 YAKA3A TOOL & TEP, 25%

- e e m——

{

IN PRUSEICH 0 Ti0L, (0,33) SOLWEICN €, = 0,33
pi! 1-d c 0133 ok
sinn~t

C/NC

W Am e ma A W e EE Y ESEE S S e s M e e E e w O L e e e W e W e e s e

0

1:-.92 0.1 0-1 05 0003 Jl-cm
Lo78 0.2 0,205 0.07 o7
L.J65 0.3 0.5 0410 ko 5B

52 0.4 0620 Oatl USRS
I}-.!-}O 0&5 00525 0-17 1!157

4,25 0.6 0,530 0.20 463
zl-o1 0 0-? 0.?5:‘ 0.25 Ib a?o
3.92 0.8 0,3L0 0,25 h 92

3.68 " 0.9 0945 0,29 14092

-

. — D # % A e B B a8 Rl h A B W M s w oa

TABLE M0,5.27  VALUES O pK, TOR YAIKASA WOOL &0 T7P. 259
IN PRESECH 07 inCly (0,330) SOLUPIUH, € = 0,33

1482 041 0,105 0,03 3430
4ol 042 0,205 0,07 e
Lok 0.5 0.5 0410 427
e e26 0L 0.1.20 0l 1o 22
1. 403 045 0,525 07 11020
3.78 0.5 0,530 0,20 bAG
332 0.7 0.735 0,23 L
3429 0.9 04340 0,26 Lol

2098 0-9 0!9}5 0029 14-022
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T op—Exchange:
nt in the solution, ia

5e3eD Metal - Hydrogen

icn is presé

H 4 -COO_MZ*A?& M2+ + =COGEL

presence

When metal ¥
of HCL - the bitration may be

g tho law of Mass Action.

Applyin
= @) . (-Codb RUUTO |
(5*) (~com®*)
Where g -COO‘} = KEX .@D
(o) (")
rhorefore log. (-cooW) . e FE T log (H') - 108(1)

(com®)

logkgy - B - 108 i

Ip order to find the rolationship between the i aud 10g Kgys

pe Moy assume,
(a) 21l -C00_ are present a8 -C00~

and log {~COOH) _ 10g (1 -o)

MZ+ residue

(COQM) o
Hence substituting the value of 108 !-COCH] we get
! (coom)
log {1 :g} = pH + 1OgKEx-log Mz+
G
i 29

or pH + log(‘l - 0.! = log K‘E]( -~ log (M2+) v....-'(‘\')'
. a

(b) (M2+ ) is in excess and has the some valus inside the

in the external solution, and 1
= =0,4770
40

ceorarreee(R)

fibre a2 s consiatent,

fLe. () = 0.333 in log (")

Now pH + log (4 =9 + O4770 = log Ky
o
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On these assumptions the eguation two cam be derived; but
meanwhile we are going to ignors,
(1) existence of any more than one metal ~ carbonyl
binding equilibrium, for example, wr - (coo")2

M2+ - (COO-)I._’ ete.,

9 -
(43) aifferent streaths of binding of u2* 4o COO™ where some

~C00 are salt~linked and some are uote.

(i4i) Qifference of activity coefficient, from unity,
On plotting the curve (1-0) va log Kgy Oome must expect the
linear graph providiug all the assumption are true and only one

system is in operation.
b

bindiag equilibria,

uring the assumption we have alsc ignored cther possible

Table No. repreaent the values of log KEX with gl and
(1~a.) for three wools, ot different ionic strengths, ‘The data is
‘obtained on the basis of the equation on page The equation is

pH + log (1= |, 0.477 = log Ky

The graphs obteined on plotting the velue of (1-Q) verses
log Kﬁx can be seen on page

. If two curves are obtained them this may be some other type of

M2t exchonge going on like: -(coo")z.mz"“ or -(cc»c:n')h.m‘z+



1.'?4

For the systems with one curve omly, it is posaible, though
not comelusive, that there is only one ¥* - COO” binding=2 M.

One should expect constant values of log K .. If a constaut log Kpy
is oblained for them over a reascuable range of (1-Gt), this will be
fruitful and will support the assumptions which have already bean
made - for a system where there are two ocurves one is bound to get
values of log Ky, which vary with (1),

If large values of KEX or log KEX are obtained it means strong
metal ici binding is in operation.

If at (1-0) = 1 the value of Kgy i smaller tha'n. at (1-%) = 0O,
then there may be another unknown fastor operating provided some
other types of metal exhongs,

If there ias no specific binding, there should be iinear
relationship between log K'EX sad {(4-0), This is ouly true for Na*
for cross and Merimo but not Yankasa.

The dissociation of a0id groups can be representod ~CO0 .«

I'I"'F—" ~CO0H. Where the dissociation coustant for the acid group
: K = [coo“ : [H"]
i [roe—— - Prrsnd . “)

Coon)

A similar equation can be derived for the netel ion

0007 & MR = cooTH
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Hence metal dissociation constant will be

| Ky = [coo"] [M2+] ............(41)

| [eoons”]

!
o

From eguation 3@and 39and %x = Km/K.

5¢3.6 Theory of Metal Binding and Interpretation of Titration
Curves in Term of pK aund Metal ion-exchange Coustant

The linear Na’ curve shows log K’EX decrecsing linearly from
{el = 0 £0 10 = 1.0 which means Na® binding is stronger to the
aon-salt linked groups a3 to be expected,

For the Mo iens therc is more complex behavior. For Merino

wool with Mn2+ s and Niz"' log KEX first decresses, and inoreasecs

later. With Cot

with Zn2+

there is a smooth but non linear decrease, while
there is an inercase (up to about 1-& = 0,45), a decrease

(up to about 4=~ = 0.6) and then a final incrense.
For Crosas wool, nll show S-shaped deoreasing curves. For Co”
and Zn2+ the log I%D[ is becoming grodually constant. Nat curves fop

Cross is similar to Merino and decreases linearly from i- &= O 4o

1*‘-:1 o

2 2

For Yankaso wool with Na®, Ni°*, zn z

* et log Kpy is faivly

constant to 1~0 = 0,5, while only non=salt linked groups titrate,

24

thereafter having o linear decreanse. In case of Co™" a decrease is

followed by an increase.

L
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i

This complex behavior will be the result of one or all of the
following factors operating,
(o) different stremgth of binding to the non-szalt linked ond
S8a2t linked groups} this is illustrated by the linegr
folls in log KEX for Na* with Merdao and Cross,
.Il the coasistency of log KEJ{ for Yankasa wool up to 1-of = 0.5
. where only non-splt linked groups titrate,
(b) the existence of more thas one binding equilibrium,
. giving Seshaped curves, or discontinuties depending how
close the biudiuig constants are.

This is exhibited for Merino and Cross wool with the divalent
cations,

() wrelease of proton from ~COGH already protonated at
neutrality, by the metal ion exchange, thus insreasing the
nupber of =00 geoups to be in preseuce of MZ+ above
90 m. moles/t100g.

Thig is seen clearly in the titration curves, and renders the true
values of (1~@&) somewhat umcertain and not really comparable between

one =2olution and another,

Discussion on the pK' valuss MNerino Wool

(1) pr Tn Loy For N12+, 002+, Mng'}' as compared to the

Bk, for Na® which is 4.8,

(2} For Zn2+, PK_ is constont at 3,38
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(3) For Ni%* and Co®*, pK, remains fairly constant at L.h
to about 1-0 = 0,2, then behaving more like the Na+,
qu is also operative though somewhat higher than Na¥,

(4) For 1t

» pKo falls very rapidly at first,

(5) Lowering of pK, means dissociatiou of H' is encouraged by
the M°' which is expected.

(6) Raising of qu means perh;*; that the salt-linked has
been weakened gnd large metal cations mey be forcing the
structure al%t somewhat, _

(7) Craph of pK! verses 1~ may be compounded with that of
log KEX (metal H' exehange constant) vrs 4-Q. They show
similar feagburssa,

(8) Behavior of Wt is somewhat peculiar (but parallel to
that for log Kg and rises after the rapid fall.

(9) It looks as th;Zgh qu is not very different for all the
metallic lons and liea betwsen 3,35 (Zn2+) end about 3.5.

(10} 1t looks as though for Zn?+, only qu is operating,

It may be coincidental that pr has lowered to qu.

5.3.7 Characteristics of the Titration Curves for Merino

In order to start the titrotion in presence of sodium ¢chloride,
the acid is abaorbed even at the iso-iopnie point; but to start the

titration i presemce of M>' salt the g must fall to o value of
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5.5 and for Zn>' even less (4.8) before the H' is bound. This means

that M°* ions gre occupying the H' binding sites.
Tt is found that Zu>" ions helps in the titration of HCL.

For Co° 2+ , MiSt, the pH of beginning titration is approxios-

*, Ni
tely independent of the ionic strength. It means that the melallic
(Mz"') binding is more or less complete on the H" binding sites
already st = 0,10, but for the 7n2* this is not so.

At B = 0.1, the inflexions oceur at 52 and «- 105 m,moles/400g
of wool, This suggest perhﬁa that two binding sites are present
in equal amount {biudiug of both H* and M2+), or a two atage
release of M2¥ from the single type of binding site, c.g.,

-00&. . .M2+1!t‘-m.&v-—? ~C OCH M2+-. e .—'OOC‘&

For 4 = 1.0, the inflexions are aot so clear, 0024', Niz+,

and Zn°* have one at 77m, wmoles/100g, and ancther at arcund 110,
but an"' has at 400, moles and er2+ has a third at 10.

There occurs increased hydrocgen ion binding in presence of

2+ 2-!-).

compared with Na*; it goes up to0 130 (Ni

Characteristics of the Titratiog Curves for Croas Vool

The acid uptske starts at around 5,8 - 5.9, Tho pH of the
beginning of titration iu presence of Na™ is higher than in precense
of M+ (5.9 for ¥2* and 6.6 for Na®) ; and for w2t it is 6,5. The
binding of HY is started at 6,6 ford = 4.0 znd at 6.3 for ionie

strength (u) = 0.1,
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' . . 2
The titration curves are similar in presence of Za * and

002+ in one case and an+ and N12+ in another case, The iuflexicn
only occurs in presecnce of €2t mé Zut. Thore is no inflexion
observed at iomic strength 0.,4. This means there is simple titration
of =COCH as iu presence of Na'. The titration curve of cross wool
in preaence of Nat is uniform and there is no Yink, AS in case of
Merino there is not much difference either in case of wax, acid
uptake (90 m, moles/100g) or inflexion at different ionic strengths.
Increansed acid binding in presence of M2+ is hown as compared
to that of Na*; but it i3 always less than Merimo, The acld upbeke
is in following order: (u = 1,0) N12+7Lh12+'>002+> nt SNa'
138 7125 »112 7102 790 m,moles/1 00z,
There oocurs one inflexion at 50 for Zn2+ and 60 for 002+ but

there 13 no inflexion for Na+, N:i.2+ , ané Mr;z+

at uw=1.0,
There are two curves; one is maximum at 50 = 60 and the other

from 1002130, There are similar curves of Merino also,

Characteristios of the Titration Curves for Yankasa Vool

i e s .

The pH of the beginning titration is approximately same

2+, Zn2+, Mn2+. Acid uptake even starts

in presence of Ni2+, Co
at fH 6.8 in preseace of Na’, while in presence of M2+, the pH is
25,3 8t 4o=1,0,

' .
- | vt LR - i m L
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The pH of the beginuing titration also varies with ionie
strength {at 4 = 1.0 it is 6.8 and at y = 0,1 it is 7.0).

There is no iuflexion up to pH 1.0. The ocurves are uniform
and similar to curves for cross wool. There is not much increase
in the aoid uptake below pH 1,0,

The maximum acid uptake of Yenkasa wool is in the following
order: CoZ*y Ni%t > 20ty fuﬁ'12+7N&+

1607150108 7108) 104 79C m.moles/100g of wool.

Only onc ourvae seems to exist evep in presence of M2+.

5.,3,B Comparison of Titration Curves of three Jools:

Ta presence of Na' the maximum combining capacity for all

the three wools is 90 m,moles/100g, Simitewitape—ei-the-Suiuses
ke-ghowm—for-Crozs-—and-Herino, Due?sama number of -C00 groups
are titrating by the Merino and Cross, there is close resemblance
along these two wools, Yankass's bebavior is difforent, The aeid
uptake is higher in presence of e ."but it is low in presence of

Ne*. This may be due the presence of high percentasge of basic

aumino groups {arginmine, lysine, histidine ond termiusl amino group

- (vide ochapter: Amino acid analysis).

|
i
i k)
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5e3:9 _;_r}term'etation of Mctal Binding

in the Light of Amino Acid Composition
Tuble .No.534.

Amino Acid (Acidic) m.moles/100g of Wool
Amino Agid Merino Cross Yankasa

f‘lSP. 56'6 55.5 5‘-!-.5
GLU . O ol 87.0 118.0
TOtal 151-0 11‘2, 172.5

Table No, 9435

Amino Acid (Basic) m, moles/100g of Wool.

Amino feid Merino Cross Yankasa
LYS. 25.3 24.0 29.1
HIS 6.1 5.9 5.9
TOt&l 51 otl- 29-9 55-0

Table No, 2«36

Amino Acid (All Basic) m.moles/100g of Wool.

Amino Acid Merino Cross Yankasa

ARG. 62.5 57.0 59.7
LYS. 2543 24,0 29.1
HIS, 6.1 5.9 5,9

Total 93.9 86.9 .7

185
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With 1

Before titration begins, the =COMH group at neutrality has
become --COO-MZ*L and can be titrated. Subsequently this is why
the acid combining capacityida often greater forHd = 1,0 than for
W= 0,1 in presenoe of M2+ and we find the acid uptake goes 150 n.
molea/100g., =-CCCH + Wt = -COHM°*. The experimental values
are given in the Table 5.28, On the basis of amino acid composition

the caleulated valuea for different wool is:

Merino 151  m.molea/100g of wool,
Cross 142.5 " oot
Yankasa 1725 " nomow

From the caleulated dabta of the acid amino acid groups one
must expect that therc should be more poid uptake in case of Yankasa
wool which is shown as compared to other varieties of wools,

Besides thig, the presence of metallic ions as well as the increased
concentration will facilitate the titration of wools,

When we go through the concentration of various basic atino

groups in the giver wool we find the following order:

Total Bagio Amino Groups

n1,moles/100g of Vools. Aeid Uptake by the Wools
TObserved from titration data)
Merino Upe 9 89,32
Cross 86.9 88.2
Yankasa a7 90,2

Reasonable agrecment is found between the ealculated values of thesc

groups from the titraticn dato and the amino acid composition.
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As previously stated, same number of titratable carboxyl
groups (86 ¥.94) are present due to the ionizetion of f,sine,
&iatidine and Garginine groups. Reasomable agreement is found
betweon the calculated values of thease groups from the titration
data and the amino acid composition.

In general, an inflexion esours at asbout m.moles/100g = 50
for Merino and Cross, but there is no inflexion for Yankasa
in presence of M2+. Two boniibluties might exist, Firstly, 2t
has perhaps bound only to the non-splt linked groups; secondly,
the formation of —CO0 I as well as {~COOF )2M2+ bovh simultane-
ocuvaly fuctioning ; or thirdly, some other explanation is required
to fit the experimeuntal data to the number of amino acid groups.

Zine has its own chacteristio, it has shovmn a firat inflexion
at about m.moles/100g = 10 at the ionic strength g = 41,0 for Merirno
and Crosas,

For Yankaaa, the inflexion at 50 m.moles does uot exist which
was expected, The gbnormal behavior of Yankasa wool may be due to
lesser number of salt-linked groups as compared to the Merino
and Croas; Yarikasa has shown o inflexion at about 75 m.moles aud
alao in presence of Coz+. Question ariges:; is the structure of
Yankasa wool s0 different that it renders both the possibilities to
to be ruled out, LE (~COOM>™ and (-coo)zwz‘; or due to structuval
difference some other factors are operating? Or is the inflexion atb

75 m.moles evidence that only § of the groups are salt-linked?.
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Chapter 6

INFRA~RED SPECTROSCOPY

6.0 Iufrared Spectroscopy
6.1  Lutvoductiou:

- Laf‘m—red spectroscopy is a very useful and hondy toolto
illustrate the dirferent functional bounds present io e keratin,
The most common bouds are ionic bends, covaleat bonds and hydrogen
bonds, Atoms are zlways in constant motion, aud when they are joined
by the bonds inte the molecules, their motions resemble those of a
system of weights commected by springs out of many vibratious, two
of which are bosically different types of motion. In eddition to
the prineipal medes, hybrid vibrations also ocour when coupling tokes
Place between several of these., O5o far the most fruitful application
of polypeptide chain in the study of the oriemtation and coufigu-
ration of the polypeptide chain in solid specimens, are more helpful.

On the basis of the two phase system {gkeratin and B-keratin)
as suggeated by the X-ray aud electron-microscopic evideuce oue may
expect twe different strugtures tov be obtaiusd from wool. The oue
an g~helical protein of high moleculer weight and a non~helical

protein, All the available evidenced lead to the fact that iu the

1N
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solid state, poly-peptides and proteins have a strong tendency to
adopt either g'ra-helical or an extended configuration characterized
respectively by regular spatiagl arrays of intra- and inter-molecular
hydrogen bonds, Due to extreme sensitivity of amide vibrations to
the molecular enviromnment it has been found that two types of
configurations have provided different absorption frequencies.

Elliott and his co-workers (1,2) had established correlations
between the amide frequeucies of synthetic poly-peptide in helical G
and extended B configurations, Their findivgs are also applicable
to the fibrous protein at least in part, e and P-keratin exhibit
the characteristics generally observed in protein spectra, are amide
A, I, and TT bands Tne frequencies of the prominent absorption
bands, together witn tieir dichroism, designation, and gssignment
are given i the Table 6.,1. The Table includes the fundamental bands
due to non-crystalline phases, as well as bauds in the overtone
region of the spectrunm,

The origin of most of tnese bands has been studied for many
years and has provided useful imforuation regarding the keratin
structure, Ambrose and BElliott (3) from the parallel dichroism of
the amide A and I bands, concluded that the N=R and C=0 groups in
keratin were preferentially oriented pzrallel to the fibre axis,
They also established certain frequency créteria of the ami®I and

I1 bands for both g and P struoture.
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The amide A and B bands which arise from the N-Hl stretchiug
vibration in proteins are found in the 3u region at _32900:11-‘1 and
3060cw | whilst various C-H bands are detected iu the range of 3,000
- 2800cm_1. I gddition to these features, a weak bands appears
near 12500113-1 (amide III) which has assigned to the N-H in plane

deformation coupled with stretoching mode,

6.2 Determination of Canfiguration:

The original interpretation of the speotrum of extended
keratin in terms of a parallel plesated - sheet structure has
subsequently been shown unlikely to be correct, as the presence of
the (weak) perpendicular component of the amidc I band near 17oocm"1
indicates that a least, part of the crystalline material is in the
antiparallel arrangement, The nature of the principal infra-red
absorption bands, indicative of the charactoristic bending and
atretehing frequenciecs of the N-H band and the stretching frequency
of C+0 band, had beon used to distingish between the crystallographic
forms of keratin (4,5}, Miyazawa and Blout concluded thet the absence
of a weak band at ‘H.’)S'#Oc-m-‘1 was the indication of a parallel chain
structure of Akeratin, Although Parker (5) found this bend in the
structure of B-keratin aud it has the appropriate dichreism, i.e.,
the maximum absorption at this frequency, 1690&&1-‘| , occurs with +the

eleotric vector of polarized radiation perpendicular to the fibre



19

sxis, it is doubtful whether such iaterpretation of the infrared
spectra of keratin, cen be made, iu view of the evident heterogeniety
of wool fibre,

Aocording bo the finding of Miyazawa and Blout (6,7) and
Elliott and Bradbury (8) any model for the o~keratin must have both
the C~0 and N-H bonds, aud therefore the hydrogen bonds connecting
them, parallel to the fibre axis, f-keratin in contrsst must have
hydrogen bouds normal to the poly-peptide chain axis, The cross ~B
foeym rhows the interesting anomoly of havipg ite absorption frequen-
cies close to these of the B~form, but its hydrogen bouds parallcl

to the fibre axis as in the o-heliwt,

6.3 Interaction of divalent weto-l iona with the Vool:

Proteins and poly~peptides poasesglarge numbers of potential
gites for interacticn with metals resulting complex formatiou,
The complex formalion or cheiation, is an importint phenomenon a1
protein interaetion, Whoenever chelation oecurs, the combiniug sites
on the proteiu must satisfy cer*tiin sterric requirements, The possitle
number of sites f'or binding are less than expected. In general, the
ligend groups in the anative protein are not free Lo cluster_arouud
a metal lorn. Thus, while the protein contains many ligands, each
metal ion may combine with only one., It is not always the metal

glso

ion but water molecules may/complete co~ordination. Metals, in

general, combiuce at the same sites as hydrogen,
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It has becn shown by several authors (11,12,13) that
virtually all of tne poteatial reactive groups nave been snown to
be iuvolved iu the binding of metals, However, in all cases, the
uptake of metal was exceedingly small, In interaction of zinc ions
with albumin, for iustance, the maximum binding for zinc was 8g,
atom per 100,000z of protein, and for cadmium ions it was, 4.0g

atoms for a similar amount of protein (13).
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TABLE 6.1

PROMININT _INFRA-RED ABSORPTION BANDS

IN DRY KERATIN

SPECIAL REGION DESIGNATION o B RANDOM COIL ASSIGNMENT
OVERTONE 4970 (I1) amide A + amide I
4870 (1) amide A + amide II
4590 (0) ! amide A 4+ gmide III
4,360 nmm combination modes
4240 (1I1) CH, combination modes

Fundamental Amide A

- -——— e e —

(11) ;3268 () 330

——

3286

- e

Fermi resonance of I stretching
and 2X amide Il

Apide B 3065 (II) musm (1) PR ® R .
o B Aot hor oy
MWNW n " n n " " "
Nmﬂm " " n i " i "
N@WU n 1] n " " " "
Amide I 1655 (II) |1627 (1) 1650 C=0 Stretching 80%
1697 (II) " ! 80%
Amide IT 1545 (I) |1522 (II) 1520 | N-H bending 60% and C-N Stretching LOF
1450 1450 C-H beunding
Amide III 1250 (I) N-H bending 30% and C-N stretching 40%
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6.4 EXPERIMENT AL

Clpan dry samples of Merinc and ercss were ground to a fine
powder in a apeed vibration mill for approximztely five minutes,
Care was observed during the grinding in order to avoid excess
heat and thus prevent degradation, 3 mg. of fine powder thus
cbtained, were mixed with poftasium bromide (spectroscopic grade)
in the weight ratic of 3:150 and placed subsequently in an ¢vacuable
digse, Vaouum was applied and a copsiderable pressure exerted
o the mixture so0 that a thin and transpareant disec was obtainedf
Liquid golutions spectra were obtaired usiug two rock salt plates‘I“"'
between‘;,a drop of solution was plaved and cell thickness adjusted
to obiain gatisfactory maximum sbsorpticn peaks., The speetra
were recorded wiih Perkin Iimer Model 24 and Unicam SP.120C
spectrophometer, Tue spectrometer was freguently calibrated
using a polystyrcue film. The absorption was obtained between
LO00 - '1..?004::111“-1 aud measurementa were found to be reproduc}ablef;

A
41 .cm-1 .

Similar method was repeated with treated wools. The
conditioned wool {1.00g + 0,001) was immersed ia 100cm-3 ZnClz
(0.33), MnG1, (C.33) NiCl, (0.33) and 0-20012 {0.33) in four different
polythene bottles. 1.0z > of C.1M HCL was added to each bottle.

The bottles were kept 72 hours (vide page 147) for equilibrium,
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After 72 hours treatment, the wool wgs taken out aund washed with
diatilled water., Water collected from the wocl washing was
transferred to a volumetric flask and made to one litre. The
quantity of metal ions was estimatéd using ptomic Absorption

spestrophotometer Model A3000, The method iz based on flame

photometry (10),
The w-shed and treated fibre waa thoroughly dried and powdered

to obtain the spectra witn tue help of spectrophotometer.

6.5 RESULTS
The absorption spectra of Merino Cross and Yaukasa are given
on page LOoo

Table 642 MERINO __WOOL
% Absorption of intonsity (vide Fig.4eo )

Pure Merino Z%+treated hﬁ"’ treated [NI' treated Cg+ treaged

Freque| Absor [FrequjAbsor [Frequ [Absor |[Frequlibsor |Frequ!Absor
ey ption jency iption |ency ion |ency iption jency ion

Cﬁ % Cm-“1 % Cmn‘| % Cmm'I % Cm-1 %

3361 | 79,06 3361 73,821 3367 96.0 | 3361 ) 80.37| 33611 77.57
2899 | 53.26 1 2909| 59.81] 2920| B2,24{ 2908 | 76,63} 2908} 71.96
1643 | 71.031 1600, 78.50] 16131100, 00} 1594 | 97.18] 1600{ 87.84
1471 [67.28 114711 7ha7h| 14811 95.32] 1471 | S2u42; 1484 84,104
1198 [57.94 | 1198) 67.2 | 1198 87.84| 1198 | 83.18! 1205| 77.63

1020 152,34 | 10341 59.81 1031] B1.30] 103 | 71.961 103 ] 69.15
bt s — A s

Ll
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Table 6.3 CROSS __WOOL
% hbsorption
Pure Zn2+ Mn2+ Ni2+ C °2+
Froqu-|Absor Frequ~ AbsoT Frequ~|Absor] Frequ=ihbsor | Frequ-| Absor
ency [ptlonjency |ption{ency jption{ency |ptlon, ency |ption
o’ | % lew” | % low g lea? | % e | %
1600 | 68,2 1600 {84.8 |1600 (96,2 {1600 |88,8 | 1600 |9L.2
1480 | 92,211480 | 78,6 [MLBO |88.8 1480 (12,8 1480 16B,2
1290 | 63.011210 | 60,0 1210 166,56 |121C [53,0 | 1240 [67.2
1163 | 49.811163 |52.2 11163 [53.4 {1163 [49.2 [ 1163 51.0
Table 6.k YANKASA WOOL
Abgorption
Pure Zn2* w2 goft
Froqu- |Absor |Frequy Absor | Frequs] Absor [Frequ=|Atsor| Frequ~ (Absor
ency !ptionfeuey {ption{ency |ptioniemcy |ption| ency {ption
e | sl G jont] &l @ ||
’-3500 65 | 3020 70 | 3300 | 68 3300 ’- 78 3100 { 60
2990 | 52 | 2920 | 89 | 2920 | 91 | 3000 | 52 2920 | 9
29,0 | 59 4640} 79 [ 1660 | 77 | 2960 | é1 1660 | T4
2900 | &0 16580 1 72 1600 | 60 1680 | 83 1590 61
1660 { B3 1830 | 77 (11540 [ 73 1600 | 70 1535 7
1580 | 67 {1480 72 {1500 | 62 | 1480 | 58 1500 | €3
t520 ! 77 1460 { 82 1485 | 88 1460 | 60 1475 88
1480 | 6 14,20 | 69 1420 | 57 110 | 61 1420 | 63
1420 | 62 [|1380 | 79 [ 4380 | 77 | 1380 | 55 1380 | 84
1390 | 65 4240} 68 [14240 | 52 [ 1240 | 59 1240 | 61
1280 { 60 | |
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(3) There is wo sign cf metal carbonyl bond,

(4) The vibration frequencies of N-H stretching for
G-structure 1530 - 1550em | and 1520 - 1535cm | of

p-structures are mostly out of phase (shifted).

Two things are apparent from the spectra:

(1) The fitres have been degraded to the same extent since
the amide II bands of the treated sample have
increased to approximately the same extent, This may bte
due to hydrolysis (72 hours) between pH (2-4).

(2) Complexing of metal ion has influenced amide I bandsg;

and a 1163 (for Cross) on amide ) band,

In case of Cross and Merino wools the order of effect on

elede
anide I scems to be NiZ*H Zn®*H Mn®* ) Co? vhioh-hasgot_olose
resemblance in the order of absorption of metal ions by Merinols asundes.

Merino  Ni%*) 7%y wn*) co
2,01 » 1.52) 0,74 0,127 g. atom/100g of wool,

Hore-over, the noun-uniform behaviog of three wools have been
observed in chapter 3, in which the elastic properties (the work to
stretch) have been iuvestigated,

In this counection, it is suggested that more exhaustive
guantitative work should be carried out to study number of shiftiug
of peaks and to support the idea of complex formation or exchange
of metal ions by hydrogen.
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Apparel wools,

Astrakans

Blood:

Botany:

Braid:

Breaking Length:

EBrealcing Load:

APPENDIX ]

GLOSSMRY OF WOOL _TERMS

Ay wool that is mamulactured into eloth for use as
elotning,

A gradefbf Karalul lambskins that is less Ilustrous,
with longer hair and more open curl than on some other
grades,

Wool preduction for some countrirs is given in bales
rathar than as pounds or tons, Australian and Naw |
Zealand wools wsight about 330 pounds per bale; South
Mmerican bales walgh approximately 1,000 pounds,

The term blood is usad slong with half, three-sights,
quartar, and low quarter to indicate degree of finenaess
of wool. These terms now have no relation to ths
breading of the shesp from which the wool was obtained,

A term applied to soms zoods mede from fine wool and

A scapplied to fine wool from Mustralis,

The coarsast of the United States grades of “ool,
Most braid wool is lustrous ond is from tis longwool

breeds, '
It is the length of the specimen which will just break

under its own weight when hung vertically,
Tais ia the load st which the sprcimen.breaks, usually |
axprossed in grams weight or pounds weight,

203 |
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It is the extension of the speacimen 2t the brealdng
point,

The wool from romsg, Tt igs distinguished from>ews or
wathAr wool by its odour 2nd umially heavier shrinkegn
causad by a greater amrunt of grease, It often salls
at about one-half or two-thiirds ti» pricea of other wool,
portly because of its s.rinkage 2nd =lso because it

may have coarse hairs mixed with tie wool fibers,

Yool that contains burrs from sny of the plants,

Such wool requires spacial processing in manufacturing,
is highar in slwinkage, and hence sells =t 2 discount
compared with "clear" (frae-of-burrs) wool, Light
burry and hard burry are used ivpaferring to th=2 amount

of burrs, Fipe burry, medium burry refar to the grade
of the wool,

Yool from South Africsa,

A type of Karakul lembsldn,

A many-toothed tool or machine used to open the ool
fibres by opaning the loclss or tufts of wool, I[land
cards ar® now usAd chiefly in the fitting of show
sheep,

Ona of tha f'irst steps in the preparation of sncured
wool for further processing, In the process the wool

fibras ere separated {rom other fibras in the lecks or

buncies of wool,
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Carpet ¥ool: Lov=grade coarse wool, geneirclly from unimproved shesp,
usad in th» manufacture of carpets and rups, It may
also b9 used for coarss wearing apparel, 3Somm rugs are
made from finer prades of wool than that usually taought
of =3 carpat wocl, |

Clip: The proesss of shearing, elipping, The welgnt or type
of tio” wool from 2 cartain flock. Also, the yearly
total production,

Clothing wool: ool thot is too short to be combed. Henns, the basis

S | of deaignation is one of length, These short-fibred
wouls ars usad chially in tite manufacture of wvoolens
and falts, Sometimes collad woolen wools,

Combing: An eperation in the mspuiacfurs of worsteds thst
separates the short fibres, !mown s noils, from tae
longer Pibres wilch are combed inte 2 continuous strand
in waich the Biutres sre parallel, The finished product
is lmown 28 top.

Combing wool: Tool that is strong and is lons enough to be combed, In
the United Statas Standsards, fine combing wool is two
inchrs or more in langth, The lengbh increases at
loast one=forth inch for rach grade as tiw wool gats
coarsar,

Lomeback: | A sheep or wool from 2 sheep tust hins 2 crossbred dsm
and 5 fine-wool sires (¥erino).Wool of tuis lkind has

good length and is shout 1nlT blood or 58's and 60!
quality.
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Fellmonger, A dealer in pelts aml pulled wool,

Felting: The interlocking of wool fibres, which may be caused
by heat, moisture, and friction,
Filling (weft): Threads that run crosswise in a fabric and thus

£ill in between the warp,

Fleece wools: A trade term for wool from the eastern and central

states of America,

French ocombing: 'Wool that is shorter than strictly combing but yet

Grade:

long encugn to comb on French combs, It is langer than
clothing wool,

Short, dirty bits of wool or those tufts that result
from second cuts during shearing,

Wool that i: dry and Iifeless without distinct crimp

due to weathering or to poor quality or both,

A step in woolen manufacture vwhereby the cloth is shrunk,
the fabric is "faced," and the weave pattern is covered,
A term meaning straight, coarse, usually lustrous fibres,
sometimes incorrectly called kemp, that are mixed with
fire fibres, Often found on the folds of ime~wiool
sheep,.

A means of designating wool according to the fineness

of fibre,
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Grading: The prooess of determining the grade 0& wool, It is
done by examining the unopened fleeces and sorting them
into lots according to fineness, As this is dome the
fleeces are also classified on the basis of length of
the fibres,

Grease wool: Vool in the condition in which it is shorn, before
washing or scouring,

Summy : Grease wool that has an excessive amuunt of yolk or
scoured wool that still has some yolk in it,

Hank : A measure of length for yarn; & hank of worsted yarn
contains 560 yarda,

Hoggett gﬂpoggl wool: A term used to designate tho first {leese
from a sheep,

Hookean Stress: It is the stress at the point where Hooke!s law
can be truely gpplisd.

Kemp: A chalky white, brittle, weak fibre which, found mixed
with normal fibres of a fleece, constitutes a very
serious defect, Kemp will not teke dyes and lacks
strenggh.

Lamb's wool:Short wool that is supposed to be from lambs not over
7 or 8 momths of age, Some wool is graded as lambs!
vwool and is fram lambs of 12 to 14 months of age, It is

sof't and has less felting properties than sheep wool,



Lanolin:

Luster wool:

Meodock:

}ohair:

Mouton:

Murrain:

Hushy:

Joils:

Off=sorts
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Refined yolk or wool grease, It has many uses among which
are various cosmetics.

Pleces of wool loosened fror the main {leeoc and packed
separately in the Australian method of packing wool,

Wool or a woolen fabric that has "life" or springiness
when compressed and is bulky in compardson with its weight.
Lofty wool is light in candition and has very even,
distinct crimp,

Wool that siines becauss it refleets more than the usual
amognt of light. It iz chiefly from the long=wool breeds,
& term formerly ueed in referring to wool from range lambs
that had been fod in the farm states, low called fed-
lamb wool,

The fibre from the fAngora goat,

A modern fur made by the chemical treatuent of the wool
on sheep skins,

Same as dead ool, Detected by graders by its odour,
Jool that is dry, weathored, and wasty, Same as {rowsy.
Short fibres removed in the process of combing, They are
useable in the woolen indusigy,

Flecces or parts of floeces that are rejected as unsuite

able for the regulsr lots of graded wools nocause of being

badly steined, having undesirable colowr, ¢t cotera,

Rejeots.
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Polta: The skin and wool together,

Porsian lamb: A very desirable, tightly cur/ﬁed, highly lustrous
Karakul skin,

Picklock: Formerly a grade of very fine wool, Obsolete,

Plasticity: Under a constant large load, instantaneously applied,
animal Tibres elongate rapidly by about 30 in cold water
and then continae to creep for a prolonged period, In
the post-yield region, after the initial extension at
constant load, log (Elim -E)=as+ kt,
where t is the time of extension, & is the extension
and B, is the limiting extension (usually 75 - 807
for Lincoln wool) a and k are constants, The const-
ant k is used as a measure of the plasticity of the
fibres and values ranging from'=3 x 16-5 aec-1havo been
reoorded,

Pulled wool: Vool that is removed from the skins of slaughtered shecp
by weans of a depilatory, "seeating,” or some other
process,

uality: This term is used tod esignate the Tineness of wool fibres,
The quzlity is given in the American or Bradford Systems
by applying to wool of a certain degree of "ineness the
corresponding accepted term; such as, half blood, or 60's
Quality is sometimes used in referring to strength and

colour,




Raw wool:

Regain:

Rgpust $
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Wool in the srease,

The perdentage increase in weight due Lo the moisture,
comparcd with the moisture-free weight, It also means
the amount of moisture that wool or a fabric will
naturally zbsorb from the air with a certain relative
humidity,

An Australian temm used to describe lierine wool that is
relatively coarse comparcd with other ilerino wools. Also
called strong, .ierino wool may be fine, medium, or

strong,

Run-out flocece: Wool that is very lacking in uniformity, being hairy

or kempy in thc breech or elsewherc,

Scouring (scoured, scoured basis)., The process by which the grease and

dirt are removed from wool, usually through the use of

a warm solution of soap and sodium carbonate, or by muans
of a solvent such as nephta. After the process, wool io
spoken of as scoured, ani trading eithor before or after
may be on a elean or scouwrcd basis,

The ability of keratin fibres to assume a more or less
permancit change in shape or len~th when steamed under
stress been exploited.

Wool that lrcks brightness dus to the eanvironment under
which produced, It is as white as other wool after

scouring.
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Serrations: The outer scales of the wool fibres show irregular soe—
tooth edges celled serrations, Visible under a microscope,

Shaf'ty: V/ool that is well grown, strong, and of good length for
its grade,

Shearlings: Pelts of slzuzhtered sheep that have been recedtly shorn
and have lc¢ss than about an inch of wool, Also, wool
pulled “rom such pelts, Also, as Zazlish term for o
yearling sheep,

Shoddy: Wool fibres recovered from old or new woven rass,

Shrinkage : The percentage loss in weight due to scouring,

Skirting (skirted) Removing the inferior and heavy shrinking parts of
a fleece bhefore it is packed for sale, Commnonly
practiced in fustralia and many other countzies,

S1ipes (slipe wool) British term Tor pulled wool,

Sound (soundness)., ool that has good strength,

Spinning count or counts: A numerical system of wool grading on the
basis of the number of hanks of yarn that can b: spun
from it, The count indicates the number of hanks each
of 560 yards that it will take to weigh a pound,

Spring wiocl: Wool shorn in the spring in contrast with fall wool where
sheep are shorn twice a yecar, It is pmferred to Iall
wool as it is longer stapled,

Stained wool: Vool that lias been stained by urine or othorwise so that
it cannovt be scoured to a pure white colour, 3Subjeet to

price discount,
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Now ocomwonly used in referonce to length of wool fibres,
It is weasured without stretching to remove tine crimp

which would gzive the fibre length,

Staple also menns a lock or luuel.

of wool fibres as they exist in the fleeoec,

stabble (stabBle shearing). Shearing a short distance irom the skin,

Suint:

Usual with show sheep,
The water-soluble perspiration natwrally found in a

fleece, It is mixed with the yolk,

Sweating process: Piling sheop skins in o warm, moist room to loosen

the wool for pulling,

Tags : The heavy manure-covered locks,

Tare: The weight of the wool sacks deducted vcfore payment is
made for the wool,

Lender: Wool that is wesk and brenks ensily, Tender wool is
usunally due to poor nutrition or sickiwssa,

Tippy wool: Thet in whioh the tip or weather end of the fibres rre
encrusted, nrking the wool westy in proc:ssing,

XIop: A strond of  pertinlly manufactured wool, It has been

scourcd and combed, and the fibres lie pnrallel in the

strand, 'fool in this form is ready to be drawn ond spun
and is a standard commercinl crticle and is dealt’ . in on

the futures market,
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Ummashed: Weel in the preasec,

Virgin wool: That which hcs been used in fabrics for the first time
in conmtrast with wool that may de called all wool or
pure wool but which has been recovered fram previously
made materials,

Hdarp: The threads of o fabric that run longth ise, They must

be strong to withstand the strains of wcaving,

Washed wool: Wool from sheep washed before they werc shorn, &nother
out-of'-date practice in U,5,A, but followed to some
extent in Dnglond,

Meft: The opposite of worp, See filliong,

ool fat(zrcase} See degras and lanolin,

\iorsteds: Fabries wrde “rom combed wool,
Tield: The opposite of shrinkage, The percentasge of eclean wool

fibres after scouring,

Yield Point: The straight part of the curve gives woy to a buend and
beyond this point, or region, the material no longer
behoves like o spring or elastic, Large cxtensions nre
produced by relatively small increases in the stress
and most of the streteh in irrecoverable, This bending
of yield region is locaicd by the yield point, whiech
is determined geometrically, The point a2t which the
tangent to the curve is parallel to the line Joining
the origin and the breaking point is taken as the yield

point,
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Hence, the yield point may be defined in terms of the
yield stress and the yield strains,
olk: The secretion of sebaceous or 0il glanls in the skin,
A certain amount is needed to keep the wool in good
condition,
dork of Rupture: It is the energy or work required to brezk the specimen
The are under load-elongntion ourve, represcnts the work
done in stretching the specimen to Lie-king point, Units
of the work of rupture will be in units of work, e.g,
gram-centimeter or grams per denier,

Elastic rowovery: It is defined as that property of a ibre by which

it tends to recover its originel size and shape after
deformation, It is expressed asi-

elastic extension

Total extension

Load: ‘The application of a load to a fibro in its axial direct-
ion causes a tension to he developed in the specimen,
The load is usually expressed in grams weight or pounds
weight ,

Stress: It is the imtio between the force wpplied and the cross-

section of the specimen,




Mass Stress:

-

15
Tt is the ratio of the force applied to the lincar density
(Mas per unit length.) Unit of mass stress is grams

weizht per dender or grams welght per tox,

Zenacity or specific strepgih: It is the nass stress ob break the

Strain;

Extensions

Denicr:

Tex:

Resilénce:

e s AT e e

Bigidity:

units being same as the mass stress,
It is the ratio of elongation to doitipd lungth
Strgin = Zlongation

Initial length
By expressing the strain as a porcentage wo get the
extension,
FExtonsion = Elongakion X 100 percent initisl length,
It :Ls the linear deonsity exprezsed as bthe mass in gram
of 9,000 ngtres of fibre.
I{ is the weipht in grams of 1 K m of ynime.
Is the springiness of a fibre mass, or ability of &
fibre to come back to its original volume after being
compressed, This property is desired to & high degree

in carpet warlk,

The rigidity o the wool fibre is the property which
determines its resistamce %o the insertion of twist,

and is, therefora of great interest in spiming,



APPENDIX 2

Birefringence Measurement

Birefringence can be useful to estimate the degree of
order ng it provides o measure of the ¢orientations of the
Structurcl Units comprisicg the wool. When allowance is made for
swelling, the birefringence of wool is essentielly independent
of moisture content.

The measurement of birefringence will also reveal the
alignment along the axis, For this reason, it is a useful
measuyement of the presence of disorder, It is conaiderably
reduced by cny Gisorganisation. For native keratins the values

are the order of 1.0 x 10"2’ The other valuss are as upnder:

Cogtwold Woel

Temperature Humidity Birefringence
22 654 11 x 107
22°¢ 1005 9.2 x 107

==9.5 x 107>

2_1‘
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Method:

A Snippt, about 5o0m, in length wes cut from the middle
region of each variety of wool fibre, Birefriugeuce and dismeter
measyrements werc both made on the same portiou of snippt,
immersed in benzene, at four regularly spaced intervals along
its length,

The Senarmont method is applied in measuring the birefringence.
The purposc of the dcnarmont method is to determine the pearameters
of elliptically polariscd=~light, and thus allow L ciloulate the phase
difference between the components, from which the path differance
and hence the birefriangence of a material can be wmputed (3,4,5,6).

Cgleculation of Birefringence,

If 6, and b, are two different angles when the polarized light
appears and theu extint, we have, Phase difference =g = 6, = 8

1 2
and birefringence = 8 (A)
2n 4

20 A
30 °* q

where{ is the wavelength of the lightuseé (sodium light fi. dhis case

7 = 5890 A)_. Henoe Birefringence = B = 3,27 % 10-5 x%
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Comments,

The birefringence of pure wools as well as the wool
treated with Mz"' ion, have been measured, The results are
tabulated oa ucxt page.

From the data it is noted that birefringence is increased
when they are treated with cations (MZ"'), which is uot ﬁiﬂpmted.
As stated earlier, there is possibility of disorgauisation and
orientation due to stretching of NH and C=0 bonds, in presence
of thease ions,

There is inerease of birefringence for Merino, decrease for

Croes and no chauage for Yunkasa.

BIREFRINGENCL OF _DIFFERENT WooLS AT 22°C  6%%

Wool Mean diameter (um) Angle  Birefringence
Nerino 27,04 148°  17.64 x 10™
Cross 26,95 156  18.93 x 1070
Yankasa 1935 135 2,28 x 107
Baluehi 39,2 85.0 7,09 x 10~

Wensleydale 46,55 120 8.43 x 10~
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Table BIREFRINGENCE D.TA FOR DIFFERENT VOOLS
At, Temperature 22°.
mam — Tt P S S ———— 1l.l|||.,-.||l.l:lll l.l'....f-......l_i ————
_ Pure Vool 0.33 NcCl, 0.33 NiCl, | 033 CoCl, 0.33 HnCl,
S il e - T ﬂ
Lo diean | apgle | l'irct' | leun | angle | diref w* lean |.ugle) Biref |Nean | anglc | 3iref | ..cun angle [ Piref,
dia 8° ! 10 ata | 6° |x10} ata |6° | x40 gia | 8° lx 03| ata | 9° x40
um . (mean) po (mean) Mm (mean Hn | (mean) i “Eonh“.ﬁ
Merino |27.5 | 147 | 17.48 26.4 | 160 |19.82 | 23.3 | 156 | 21.89 |25.10, 165 |23.36 |27.5 | 145 117.2
- : | |
1 ! — :
Cross |19.8 | 164 | 27.08) 28.0 | 147 | 17.17 | 28,0 [110 |12.85 _mmr.o,dm 18.80 |22 147 [21.85 ¢
| ) |
——— ] ik - | . i
Yankesa|193.5( 135 | 2.28.209.33 137 | 2.4 m&.ﬂ 1137 124169 1208.5 | 139 | 2.8 [195.9] 133 | 2.2
I — L1 —— e
. p— - o P -
NOTE: B(Birefringence) = %\menw\& = .Wmu m_. = 3.27x Sum
3
where ¥ = Phase difference
A = wavelength of light (Sodium light = 5890°A)
d = diameter of wool
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APPENDIX 3

TABLE 0.1
ACID TTTRATION D,ng FOE MERINO WoOL
AT TEMP.= 25°C.
1,00g of MERINO WOOL + HC1
No Salt Added.

NOJVOL | APPROX4 CONCN OF HC1 | pH OF THE SOLUTION | milli-moles
OF | CONCN OF
BC1. | OF HC1/100g
(o) EC1  |Tnitiel] Final |Initial Fimal | OF MERINO WOOL
1 70 |o.@ {o0.8 0.79 0.1 83,34
2 [70 f[o.54 {0.099 | 0.0895 1.05 79. 34
3 |70 |o.10m [0.1035 0,965 | 1,02 65.98
4 |70 0.02M 1.85 1.87 54,17
5150  {o.03mM 2,10 | 2,50 28,45
650 |o.ozem 2,26 | 2.80 23,00
7|50 }o.o3m 2.56 3,25 13,00
- 8ls0 lo.oam 2.66 3,66 1.7
9 {50 0,054 2.80 4.60 9.3
10{50  {0.001M 214 | 6.3 4.3
1150 o.ooonl 4.00- | 6.45 0.6

224
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TABLE NO.2

ACID TITRATION DATA FOR MERINO WOOL AT TEMP, = 25°C
1,00g of MERINO WOOL + HCL + O.1M NaCl

NO. |VOL. |APPROX,.|CONCN. |[pH OF THE SOLUTION | milli-moles
OF |[CONCN | OF OF
{ca®| ox il ofF RS0
Initial] Pinal [Initial} Final WOOL
11 60 f1.0M 0,94 10,925 0,034 89.32
250 o3 | 0.282 10,277 0,55 76. 90
3| 50 |0.1H [0.0856 | 0. 0758 1,141 59,29
4| 50 |0.11M 1.9 [2.30 45.107
51 50 |}|0.05M 2.00 | 2.76 49,18
6| 50 {0.04K 2,20 | 3.40 35.19
7| s¢ |o0.03M 2,18 | 2.8 29.90
8| 50 | .o2m 2,30 3.30 26.85
9} 50 | .ot 2.5214.14 17.55
10} 50 | .08 2,60 | 4,12 14.50
11| 50 | .015 2,60 5.00 14.88
129 50 | .ooM 2.9 | 6.12 7.49




1.0z, of MERINO WOQL + HC1l +1.0M NaCl.

TABLE NO.3

ACID TITRATION DATA POR MERINO WOOL
AT TEMP. 25°%C,

223

Nolvor |aPPgox|cowcn, oF HCL | pH OF THEE SOLUTICH| milli-moles
OF CONCH OF
HC15, | OF HC,l/ 100g
(ca”) |01 Tnitiel #inal |Initial] Final MERING WOOL
1|50 {o.25M {0.210 | 0.195 0.710 89. 30
2fs0 Jo.am Jo.1015] 0.087 1,06 86,32
5150 |o.1m 10,077 | 0.0635 1,197 80.35
450 |o.05M 1,67 2,01 67.67
5 .50 o.'oar-i 1,80 2,29 63, 81
6| 50 |o.onm 2.00 2.93 52.55
71 50 {o.0iMm 2.37 4.50 25,20
gl 50 |o.005M 530 | 5.925 25,34
9} 50 |0.003M 3.50 6.00 4.00
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TABLE NO, 4

TITRATION DATA FOR CROSS WOO
AT TEMP,= 25%
1,00g of CROSS WOOL + HC1,

NO SALT ADDED.

VOL. | Apppog Concentration |[pH of THE SOLUTION | milli-moles - o

or CONCN | OF HC1 oF
HC1,/100g

HOL, | BC1 oF

(cM ) Initial | Final {Initiall Finel CROSS WOOL

50 1.0 10,80 0. 785 0105 88,22

5o O.3M [0,232 0.2168 0,664 87,10

50 0.1 {0,098 0. 0841 1.07% 81.55

50 0, 09M 1a26 1.36 66.48

50 |0,08M 1.772 | 2.00 .08

50 0,0 2,06 2.47 33,73

50 0. 06M 2.00 2.52 30.05

50 Q. O5M ' 2,42 3.14 18.10

50 0.04M 2.47 3.24 16,55

50 0,01¥ 24 94 4,31 6.44

50 »009 1\1 3.30 6.32 2,34




1.00g of CRCSS WOOL + HCl +

TARLE NO.O

¢ID TITRATION
AT TEMP. = 25°C

T4 FCR_CROSS OO

. +1M NaCl

225

NO.| VOL. [APPROX] CONCENTRATION | pH OF THE SOLUTION milli-moles
oF Lonew OF OF
OF BOX HC1/100g
H()l3 HCL TEITIELG FINRL T IWITTAY FIVAL oF
(¢p”) CROSS WOOL
‘1
1 {50 P.4M |0.535 0, 335 0,475 88, 24
5 |so }.omm]o,023 | 0,107 1,96 72,13
4 |50 « 06M 1.80 1496 T2.13
5 ]| B0 » O5M 2.32 2e 76 3. 8T
6 50 +« 07 2.50 4,47 18.41
7 Is0 | .o2u 2,61 4,99 14.38
8 | 50 O1M 2.0 5.45 9.71
9 150 . ooj 4.825 15,90 0.082




TABLE NO,6

ACID TITRATION DATA FOR CROSS WOOL

AT TEMP = 250

1.00g of CROSS WOOL + HC1l + 1,0M NaCl,
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NO.] VOL. | APP EONCENI‘RATION pH OF THE SOLUTION | milli-moles
w1 for | @2 He1/100g
(cn°) Initial| Final] Initial |Final BRGES POO

1 |50 p.eu 0.405 | 0.395 0.4034 102.7

2 |50 p.iM 0.074 0.059 1.229 88,24

5 |s0 p.ogu 1.48  |1.53 79.41

4 |50 [o.cem 1.98  [2.20 71.20

5 |50 [.osM 2,06 |3.62 52, 24

6 |50 [o.04m 2.22 [4.25 35412

7 {50 fo.omm 2,37  [4.56 24,93

8 {50 fo.o2u 2.56 [4.88 16.12

9 {50 lo.oM 2.75 {5.46 10. 44

10 |50 [0.009M 2.06 |3.60 49.94

11. |50 Jo.008M 2.37 |4.75 25.00

12 0. 007TM 3.00 |5.90 5.875

13 |s0  Jo.oosm 3.3 6.0 2.94

14 |50 Jo.oo3M 5.63  |6.3 1.38




Table No, {
LID-T TICH YANKAD WOOL

22 7

1,00g of Yankasa wool + 500m} HCl. No salt added

Volume | Approx. Concentration of PH of Milli-moles
Nol of HC1 gfoln}clgi . solut?.on . aolutic.)n gg !‘j'g;/ lul ggg
Tnitial Final Initial |Fing) woel
s
1.] 50 0.9 0.805 0.78 el 89.3
2% 50 0.5 0.50 0.486 0. 31 85.72 |
3.1 50 0.1 Q.09 0,086 1.06 83.33
Ls] 50 203 0.02 0. 009 2.05 65.45
Se 50 0.02 212 {2.92 38.00
6§ 50 ] 0.0 2,26 |3.62| 30,0
Ts 50 0.005 2.40 | 5.22 23,67
B.| 50 04003 2,56 | 5.58 13.01
9. 50 0.002 2. 6.10 10.57
10,1 50 001 2.80 | 6.28 ela3
11. 50 « 0009 3.00 | 6430 5.923




Table No. 8
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ACID TITRATION DATA FOR YANKASA WOOL

Ar _TEWP, 25°C

1.00g of Yankasa Wool + HO1 + O.1M NaCl
Vol. |Approxs CDncentfation pH of the milli=mole s
of Conche of solution of
HC1 of HC1 HC1/100g. of
(or’) | no1  [“Tnitiei|Final | InitlallFinad Yankase wool
50 | 0.3
50 | 0.2 0.265 | 0.28 89.3
50 | 0.1 (. }0.T793 83433
50 | 0.0% 1,92 |2.885 6370
50 | 0.08 2.44 | 3.52 53422
50 | 0,07 1.90 |2.38 50.125
50 0.06 2.18 13.26 36.055
50 | 0.05 2,265 | hoti2b 32,14
50 § 0.04 2.3 | btk 29.40
50 | 0.03 2.60 | 4.82 14,86
50 0.02 2,66 | 5.66 12,92
50 | ©.01 2.70 | 5.30 11.845
50 | 0.005 3,305 | 5.925 2434
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TITRATION DATA TFOR YANKASA WOOL

-_____-——-——__

AT TEMP = 25°C

1.00g of Yankasa Wool + HC1 + 1.0M NaCl

Approx. Concentration pH of the Hilli;uoles
of Conon. of solution of
HC1, of HC1 HC1/100g of
(cm?) HCL Yenkasa
Initial | Final |Initial Final wool
50 0.30 M 0.25 0.2345 0.6299 90.15
50 0.25 # 0.21 0.195 0.7 89.30
50 0.025 0.021 | 0.0063 2,200 83.09
50 0.02 0.018 | 0.0045 2.75 80.35
50 0.01 ¥ 1.92 3. 75 70.47
50 0.005 # 2,00 | L.64 56475
50 0.008 #/ 2.30 5.45 37.97
50 0.006 7 2437 5 ¢ Ol 22.07
50 0.002 #/ 3.56 6.16 1.87
50 0.001 /4 3,30 6.20 2.98
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Tabls No. 10

ALRALL TTTRATION
MERINO WOOL AT TEMP = 25°C

1.00g of Merino Wool + 50 lt:r:L3 NaOH.

NO _S/IT ADDED

N,
Approx. Concentration pH of the {Milli-moles of
No. 002?1. of NaOH Sclution Nagﬁﬁzig of
NaOH Initial | Pinel | Initie1Final
1 0.16 ™M 0.096 0.08 12.903] 95.23
2 | o.o5 # |o.052 | 0.038 12.58 1  83.33
3 | 002 + |o.0213 | ooy 12,25  82.73
L | c.o1 # 0,0091 | .00525 11.73 23,21
5 | 0.05 s¢ | .oou65 | .o0234 37| 13.6
£ o0t 10.6 8.96 24256
7 005 # 10.42 8.34 1.55
8 JO0 7 9.80 8.18 0.36
g { .00001 4 8.9 7.9 - 0,043




Table No. 11

A1XALI  TITRATION

MERINOG WOOL

AT TEMP = 25°C

23]

1.00g of Wocl + 50 Co NagH + O.1M. NaCl

AppProx. pH of pilli-mcles
conchls Concentration the Solution of NagH/100g
A o darize
Initial] Final Initiall Final

1 o8 M L0675 | 0.05129 12.7 95.16

2 0.05 * 0.048Y | 0.0331 12.52 90.01

3 0.0 /4 0.0338 | 0.01595 12.39 & .52

L 03 A 0.028 }0.01585 12,20 7.3

5 L0035 // L0064 | 0.0079L3 11.9 59.09

6 .003  /# 11.56 10.66 19414

7 002 11443 10.22 1524

8 o001 ¥ 11.05 3.00 6461

3 0006 /i 10.72 8432 3.12
10 00004, ¢f 9.55 7.30 0.21
11 9. T.27 0.195




LLKALI  TITRATION

Table No. 12

»ﬁa"z

MERINO _WOOL AT TEMP = 25°%C
1.00g of Merino Wool + 50 an NagHd + 1.0M NaCl
¥
' Approx. Concentration ph of the Milli~poles
No. | Comen. of Solution | nf WaOH of
of Nagt C Nerino Wool
Naol Initial[ Finel Initial| Final

1} 0.27 ™ 0.2655 | 0,215 13,385 10443

2 | 0.035 # 0.03495) 0.01995 12430 89.32

3 10,02 « 0.0188 | 0.01738 r12.24 80.80
4 ) 0,025 1 ] 0.026 | 0.015 12,18 66.02

5 ] 0,02 4} 0.0203] ,0105 12.02 58443

6 | 0.015 + | .0C1685 083 .92 50.8

7 00 | L0054 | 002y 11,73 }11.38 32,01

8 00, “ 11,68 {10.78 25,12

9 | .o03 11.42  |10.04 16.35
10 | .002 ¢ 11.0 9.1 10.18
11 00 11.4 8.8 7.00
12 005 v 10.83 8.2 4O
13 000 # 9.6 7.9 1.58
14 9.4 6.9 015
15 6.7 Eals 0. 0001
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Table No. 1
ALKALL _TITRATION
CRCSS WOOL 4T TEMP = 25°¢

1.00g of Croass Wool + 50 ij

NegH HNo salt added

Approx. Concentration pH of the Milli~noles
No.| Concen. of NaOH Salution of Naph/

of* NapgH L 100g of wool

Initial] Final Initial] Final

1 0.15 V7 017 | 0.15 13,18 10547
2| o.08 / 0,061 }0,0455 12,66 91.18
3| 0.5 ¥ 0.0475 }0.0335 12,525 8.35
L | o045 » 0.04525) 0.0315 124,98 80.99
5 { 0.030 # | 0.295 |[0.0175 12,243 70.60
6 § 0.025 yr { 0.0015 {.007; 11.875 42465
7 | 0,010 | 0,0058 | 00245 11,38 19,70
8 | 0.005 « 11.08 9.7 677
9 | 0,0025 4 10.68 8.47 2.8
10 | 0.00t 10.20 7.69 0.93
11 0.00075 # _ 9.96 7.46 0.53
12 | 0.0005 « | 9.16 | 7.28 0,08




1.00g of Cross Wool + 50

Table No. 1

ALKALL  TITRATION
CROSS WOOL AT TEMP = 25°¢

Cn:l3 Naot + O.1M NaCl

LDpprox. Concentration pH of the | Milli-uoles
No. g?'nx?;m of NapH Solution gf-o Ezof;,;l 20g
Tnitiel] Final | Initial Final
1 0.25M 0,226 ]0.203 13434 13543
2 0.15M 0.136 0.4165 1314 147
3 0.08M 0.715 10.056 12.75 91.18
4 | O.075M a07 0.053 12.72 $7.08
5 0.04M 0,037 | 0.0235 12437 79.41
6 0,025 0,0183 | 0.008 11.90 60,58
7 0. 01M 0.0098 | 0.0065 11,81 37.95
8 001U -~ 0,004 | »0008- 10.9 18.98
9 10,96 10.16 4a515
10 | 0.0005 10.92 9.7 5.598
14 0. 000k 10.62 8,06 2e45
12 0,0003 10,3 742 1.172
13 | ©0.0001 9495 7.10 0.52)
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Table No. 15

AUKALT TITRAIION  GROSS WOOL
AT TEMP = 25°%C

1.00g of Cross Wool + 50 ij NaQH + 1.0M NaCl
Approx. Concentration pH of the Milid-moles
No. | Conon. of NaCH Solutien of NaOH/100g
of NopH =~ - of Cross wool
Initial} Final Initicli Final
1 0.1M 0.096 ]0.0755 12,88 120.6
2 | 0.094 0.085 {0.065 12.81 115.0
3 0.08M 0.,0778 {0.0%85 12.77 113.2
L | o.om 0.069 ]0.051 12.7 10542
5 0..05M 0.048 10,0303 1249 102.9
6 0.0uM 0.03%9 0,0228 12.357 95.61
7 | o.o3u 0,029 | 0.0143 12,103 B6.78
8 | o.om 0.0188 }0.0073 11,86 67.66
9 0.01M 0.0098 | 0.0025 11,398 12,60
10 | .O005M 11,18 9.6 8,42
11 »003M 11,02 9.0 6.02
12 002N 10.77 8.66 5e192
13 LO01M 10.99 €3 5.83
1, | 0009 1 10.92 8.5 b9
15 | o008 | 10.90 8.1 4.78
16 000 1 10.69 75 257
17 0.0001 ¢ 9. 75 7.2 0.134




Table No. 16

ALXALT  TTTRATION
AT TEMP

Y/NKASS WOOL

= 25%
3

236

100z of Yenkasa Wool + 50 Cm” NagH. No salé added

Approx. Concentration pH of the Milli-noles
Concn. of NagH Solution of Nagh/100g
No. of of wool
NaOH Initial| Final | Initial] Final
1 | 0.10K 0.096 | 0.08 12,903 95423
2 0, 06M 0.052 0.0405 12,61 _ 68,45
3 | 0.03M 0.0211 | 0,0136 124134 4. 65
4 | o.01M 0.0091 | 0,0051 1N 23.84
5 | 0.008 t 0,005 | 0.0019 11.28 16425
6 | 0.001 p 10.78 8.02 2.363
T 00075 ™ 10.42 7.68 1.563
8 .0005 11 9.68 7.55 0.283
9 . 00001 ™M 8.7 7.0 0,026




Table No. 17

ALKALI TITRATION YANKLSA WOOL

AT TEMP = 25°C
+00g of Yankasa Wool + 50 an NapH + 0.1M NaCl

237

Approx. Concentration pH of the |[Milli-moles
No.| Conen. of NagH sol. Solution of NagH/100g

of NeOl [ Trifay{ Fimal | Taltiel] Final] °F "%
1 0.06 M 058 0.00435 12.638 86.56
2 0,05 « 0.05 0.037 12.57 79.18
3 0.04 « 0.036 0.026 12,40 59.48
4 0.03 “ 0.028 0.0185 12.26 56.5L4
5 0.02 # 0.020 L0012 12,07 49.29
6 0.01 0.0051 11. 10.6 28.1L4
7 | 0.0001 #« 10.88 8.46 le5
8 0. 00005 & 10,6 7.88 0.85
9 0.00001 , 10.15 7.00 0.148




Table No. 18

ALKALT TITRATTON

23§

YANKASA WOOL

AT TEMP = 25°C

1.00g of Yenkasa Wool + 50 ij Nadd + 1.0M NaCl

Approx,. Concentration of pH of the Milli~moles E
Ne. } Concn. NaOH sol. Solution of NogH/100g
of Naoll T rr T Finar | Tmitial] Famal ] oo oot
1 03 M 0.265 | 0.25 13.39 89.32
2 | o2 0.175 | 0.165 13.217 59.98
3 ] os + | o073 | o.oes 12.81 53,60
L | 0.045 © 11.45 | 10.9 37,42
5 | c.o3 v 11.76 | 10.5 32.37
6 | c.o40 ~ 11.46 | 10.4 15.67
7 | c.031 # 11.23 1 9.22 9.815
8 | c.o25 » 112 | 8.66 7.82 )
9 | omnio # 10.93 | 8.6 5.2
10 | 0.005 % 10.04 8,00 0.59 |
11 | 0.001 * 9.,0 | 7.28 0.15 g
12 | 0.00001 # 9.2 | 6.7¢ 0.09 :
[




1.00 g MERINO 1/00L ¥ ¥/3 ZnCl,

TAELE NO, 19
TITRATION DATA FOR MERINO 7OOL

2

HCL ( W/I ) AT TEMPERATURE 25°C
IONIC STRENGTH. (/) = 1.0

239

SOLUTION

No. | voumme| concN.] VOL.| pH OF THE SOLUTION | Milli~moles
OF oF OF of

HCL HC1 {2nCl, HC1/100 g

F s (4/3) o€ Mavkso
i' cn - INITIAL | FINAL ool
1 0.04 | ¥/I (4100 349 Lol 0,87
2 0s02 { M/I |100 355 | 4439 2.28
3 0.0% | W/1I 100 3ek2 4.29 3,20
L 0,05 } H/I 100 333 | bet? 4410
5 0.08 /I 100 3,20 4.02 6 o440
£ 043 M/1 100 2,59 3458 22.9
7 1 o | wr 1100 2.30 ) 32 | 46
8 | o5 twr j100 | 248 305 3 57.2
9 | 06 i i1oo I 2.0 {2.75 1 6.6
10 ! 0e7 ; Vo '!100 2,05 ‘ 2.60 61,0
11 ! 0.8 /I 100 2.00 | 2,50 68.0
12 145 WI 100 1.78 | 2,03 73.0
13 2.0 /1 100 1.65 | 1.8 96.9
14 245 W1 100 1.57 1.78 103.3
15 2,5 I {100 1.52 | 1470 103.8




| No.

]
!
e

O O~N AWV N =
SR S—

N
W N = O
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15

b+ -l

— g

TITRATIO N DATA FOR MERINC WOOL

TABLE NO

20

3 MnCl, Solution
L

240

1400g of Wool + MnCl, + HCL. (M/1)

at temperature = 25°C, IONIC STRENGTH(/?) = 1.0

Vol. | Conend Vol. [ milli-moles
of’ of } of oH of the Solution |  ©f
HC1 | HOl . MnC1, a ?gé. ﬁer

- o ‘;ﬁ E Imtiel | Fiml _mg"

g : 3 i

0401 | M/1 b 100 P h.24 5.34 . 0457
0.02 } M/1 } 100 3.87 531 . 1430
0.03 | ¥/1 | 100 3.69 5420 2,00
0,05 M/1 100 3454 5416 2.90
0.08 | M/1 100 3451 4.83 70
0.0 | M/1 | 100 3.28 LoTl 9.80
0430 | /4 100 2,58 3470 26.80
0.40 | M/ 400 249 3.18 31 ok

0.50 | M/1 100 2.28 2.82 35,00
0,60 | W1 100 2,20 2.62 39,10
1.0 M/4 100 2,01 2.35 5he5

1.5 M/4 | 100 1.8 2410 7643

2.0 M/1 100 1.71 1495 8e5

245 M/4 100 1.65 1.83 88,0

340 /1 100 | 1.38 1.63 102.3

ISR, |

S

-



TABLE NO. _ 21
TITEATION DATA FCR MERTNO VOO,
U/3 Nickel Chloride Solution
1400 g of wool + NiCl, + HC1 (/1)
at temperfture 25°C, IONIC STRENGTH (/) = 1.0

241

b -

- —————

—— e — B e -

| No. Volm:;r-Comn. Volume milli-moles o
of of of pH of" the solution of HC1
HC1 HCL Iﬂl:!.cl2 - per 100 g
( (ma3 ) e L;/mg initial final woo;f
" ——— A -
1. | 0.05 | 1/1 100 510 5449 0.06
2. | 0,07 |1/1 100 437 5421 0.37
3. | 0.1 H/4 100 5¢3 5.2 1.2
4. | 0.2 /1 100 4e73 ha72 19.8
5. | 0.3 /1 100 bot6 5048 31.3
6. | 0.4 14/ 100 349k 418 39.1
7« | 05 /1 100 3.25 3.80 40.1
B} 0.6 /1 | 100 } 3.0 ' 3.5 48,9 ;
9.4 0.8 /1 % 100 | 2,70 | 3.08 | 57.8 E
100 § 2,0 Pil/1 1 100 | 1.86 1 2,20 i 749 !
11, } 245 i?v-n ! 100} 1473 2,06 ¢ B9t E
12, | 3.0 W1 100 i 1 o6l 1.99 126.8 l
13. | 3.1 ’14/1 I 100 ' 1.37 1450 | 130.0 l
I [} -




TABLE NO, _ 22

TITRATION DATA FOR MERINO YOOL

242

1,00 ¢ MERINO WOOL E M/3 cobalt cloride Solution
MGl (W/I) AT TEMFERATURE 25°C
IONIC STRENGTH 1.0
No. VDI:'U-TEE TCONGN. VOL. Hilli-moles
I c?élz pi OF THE SOLUTION H01/1£ &
(coh) %3 |oomme | emus ) of foriee
1 | 0.05 |w/ 400 5.40 5,59 0.14
-2 0,40 | W/x 100 304 5.23 9.10
3 0.2 ¥/1 100 2475 be76 17.60
Lo{ 0.3 /T | 100 2.59 le3 25.2
5 Oel4 WI 100 2.37 3,68 33.8
6 | 05 | w1 | 100 2,37 3468 40,6
7 0.6 M/ 100 2.28 3.4 48.6
8 0.7 I 100 2423 3444 51 .4
9 | c.8 WI | 100 215 3.04 61.0
10 | 0.9 WI | 100 2,0 2.50 8.0
1 | 1.5 |w/z 100 1.7 2.0l a5
12 | 2.0 | w1 |00 1.50 1465 92,0
13 | 2.5 4/1 100 1.0 1406 10642
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TABLE NO. 23

TITRATION DATA FOR CROSS WOOL
M/3 Zino cloride .  SOLUPION
1,00 g OF Cross Wed + 100 &m° ZnCl, + HCL (W/T)

AT TEMPERATURE 25°C TIONIC STRENGTH /* = 1.0

No. Volume | Concn, pH OF THE SOLUT'ION Milli-Moles
OF oF of HC1l/
HC1 HC1 100 g of
ADDED
Cur INTPTAL FINAL, CROSS WOOL
1 0.01 /10 3.32 5.3 L. 7
2 0.05 | M/10 3.10 5,01 7.80
3 0.08 | M/10 3,00 L.72 9.8
b 0.10 | M/10 2.95 .75 11.1
5 0.15 M/10 2,92 Le73 11.8
6 0.20 | M/10 2,88 4.70 13.0
Y 0.30 /10 2.875 L.67 13.1
8 0.40 | M/10 2,82 4.6 14.9
9 0.50 | M/10 2.79 bo 51 15.9
10 0.10 | W1 2,75 L..58 17.5
11 0.20 | M/1 2.60 4.38 2.7
12 0.30 | M1 2,415 3.96 374
13 0.50 | M/1 2.29 3.69 57.1
14 1.0 M/1 2,10 2,63 56.0
15. 1.5 M/1 1.78 2,03 73.8
16 2.0 M/1 1.52 1.69 98.1
17 2.5 M/1 1.15 1,22 98.6
18 3.0 M/1 1.14 1.01 99.8
19 3.5 M/ 0.92 100.1




TITRLTION DATS FOR CROSS WOOL

TABLE NO.

2,

![2 Mangarese chloride
1.00 g Of Cross Wool + 100 Cn’ MnC1, + HC1 (/1)
AT TEMPERATURE 25°C IONIC STRENGTH, / = 1.0

SOLUTICN

244

s
NO. VOLUME | Conen. | pH OF THE SOLUTION Milli-moles 1
OF OF OF HC1
HC1 HC1 100 g OF
ADDED CROSS WOOL
o’ INTTIAL FINAL
1 0.05 M/10 411 .50 0.8
2 0.8 M/10 375 6.31 1.9
3 0u1 M/10 3.32 5.93 4.8
L 0.45 M/10 2.79 543 10.35
5 0.20 M/10 2.63 4.99 23,30
3 0.3 M/10 2,28 k10 5147
7 0.4 M/410 2.18 3.64 63.8
8 0.5 M/10 2,00 2.7 82.0
9 0.1 M/1 1.90 2.47 93.3
10 0.2 M/1 1.69 1.99 103.0
11 0.5 M/1 1.57 1.78 106.0
12 1.0 M/1 1.38 1.53 122.5
13 1.5 M/1 ? 1.200 124.3 ?
1 2.0 M/1 ? 1.01 125.1 ?
15 2.5 M/1 0.90 125.9 ?




TABLE NO, 25
_ASID TITRATION DATA FOR CROSS WOOL

M/% Nickel Chloride SQLUTION

3

245

et e = e+

1.00 g of Cross Wool + 100 Cn” Ni .2, + HC1 (M/1)
AT TEMPERATURE 25°C. IONIC STRENGTH, = 1,0
= -
O | VOLUME CONCN, pH OF THE SOLUTION nilli-ucles
OF OF OF
HC1 HC1/100g
Added Hel Initial | Final CROSS WOOL
(o)
1 {0 ! - 5¢ T4 5,76 0.06
2 | 0.1 M/10 I 373 | s. 69 1.84
0.15 M/10 | 3.615 | 5.66 2.41
4 | o2 M/:0 ! 3.49 A 3.21
5 8 1,10 i3 % &
6 | 0.1 ¥/1 2,60 4.56 24,9
T | 0.2 /1 2.15 "' 347 67.4
8 0.5 l ¥/1 1,86 2.42 100.0
9 | 1.5 l M/1 1.64 j 192 | 126.0
1_9_ 2.0 . 74 1.30 | 1440 1 1345




TABLE NQ. 26

TITRATION DPATA FOR, CROSS WOOL

M/3 Cobaelt Chloride + SOLUTION

246

1,00 g of Crosa Wool + 100 en’ CoCl, HC1 (M/1)

AT TEMPERATURE 25°C. IONIC STHENGTH = 1.0

No | Volume | CONCN., | pH OF THE SOLUTIONY  milli-moles
OF OF . oF
HC1 HC1 . HC1/100g
(en’). Initial | Final o
CROSS WOOL
1 0.15 M/1 4,095 5. 70 0.78
2 0.20 M/1 3. 90 5465 1,30
3 0.5 u/1 3,67 5452 2.10
4 0.1 M/ 3.09 5,19 8,10
5 0.2 M 2.63 4.33 23.1
6 0.3 M/ 2,28 3,70 50.1
7 0.4 M/1 1.95 2.%4 66.5
8 0.5 M/ 1,785 2.05 75, 9
9 1.0 M/ 1. 705 1,99 94.9
10 1.5 M/ 1.3% 1,46 98.9
11 2.0 M/ 1.20 1.265 109.0
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TABLE _NO. 27

TITRATION DATA FOR YANKASA WOOL

/3 Zino Cklcride Solution

.00 & of YANKASA JOOL + 1000m° ZnCl

+ HCl., a7 TEMPT = 25°C
IONIC STRENGTH (A) = 1.0
No. Volume | CONCN. | pd OF THE SOLUTION iilli-noles
P aF oF
HC1 HC1 . 1C1/100 g
hdded Initial | PFinal YAIGGASA TTO0L
(ce’) |
1 0 - 3416 515 GeBl
2 0.02 | ¥/10 3400 4.755 G482
3. 0.05 | /10 2.95 4.70 11,02
L 0.10 | M/10 2,92 4,65 11480
5 0.20 | ¥/10 2.88 4,63 12495
6 0.30 | M/10 2.875 L6145 1294
7 0.40 | M/10 2.820 455 11486
8 0.50 , ¥/10 2.79 4427 15469
9 0.1 ¥/1 2.60 4.03 2)s.e2
10 0.2 /1 2415 3.89 57.2
11 0.3 W1 2429 3,625 49.0
12 0.5 M/1 2410 3.08 711
13 140 M/4 1.73 2,025 81.8
A4 145 H/1 1.57 1.75 9149
15 240 M/ 1e45 1460 10546
[ 16 2.5 " 14175 1,25 107.5
=TI




Table No.

28

~-248

TITRATION DATA FOR YANKASA WOOL

M/3 Mangamese Chloride solution

1.00g of Yankasa Wool + 1%0313)
I!l'lCl2 + HC1 At Temp. = 25°C

Lonic Strength (!') = 1.0

[ Volume | Concen, pH of the | Milliemoles of HC1/
of HC1 of HCl Solution 100g of Yankaea Wool
No. addgd o
(cm?) Initial{ Final
1 | 0.02 ¥/10 441 | 5.10 0.7
2 0.05 " 373 5.09 1.8
3 0.10 » 3.32 L.92 L8
L 0.2 % 2.97 4.75 10.55
5 0.3 " 2.63 | 473 23.10
6 0.4 " 2.28 3.86 51.1
7 0.5 i 2.18 5.54 6342
8 0.1 W1 2.00 2.815 Bls 7
9 0.2 " 1.90 | 2.43 86.7
10 0.5 " 1.69 1.97 98.0
11 1.0 " 1.57 | 1.765 994
12 1.5 " 1.22 1.30 102.4
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Table No. 2

TITRATTON DATA FOR YANKSA WOOL

Niokel Chloride solution 1.00g of Yankasa Wool
+ 100Cm° NiCl#+ HOL 4 & Temps = 25°C

Ionic Strength (Q?) = 1.0

M Volume } Conen. pH of the Milli=-Moles
of HC1| of Solution of HC1/100g
added HC1 of Yankase
(Cn3) Initial Final Wool

1 0 - 5.12 5.22 0.02
2| o0.05 W10 3.905 5+195 1420
3 0.10 W10 3.73 5.185 1.80
L | 0.5 " 3,615 517 2.20
5 | 0.20 L 3.49 5.15 3.2
6 0.10 M 2.895 5.00 12.7
71 0.20 " 2.60 L.75 2343
8 0.50 " 2.15 410 62.8
9 1.0 " 1.86 2.70 11840
10 § 1.5 " 1.68 2.10 139.0
11 2,0 " 1.28 1,42 14645
- i
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Table No. 30

TITRLTION DATA FOR Y/NKASA WCOL

M/3 Cobalt Chloride Solution

1.00g of Yankasa Wool + 400 (Gu’) MnC1,
+ HOL At Temp. = 25°¢

Ionic Strength (;)) = 1.0

Volume | Concne PH of the Milli=meles of
N O G s,
(Ca?) Initial Final
1] 0.0 W10 5.3 5.39 0.09
2 | 0.02 " L.79 5.37 0.12
3] 0,05 " 4.38 5.305 037
L | 0.08 " 4095 5.30 0.75
5| ¢.10 " 3490 5.28 102l
6 | 0.20 # 3,67 514 1.42
71 0.3 " 3,09 Lels? 8.02
8| 0.5 " 2.63 Lee b5 19.9
911.0 " - 28 3,05 53.2
10 1 0.15 M1 1.95 2.40 72.2
11 | 0.2 " 1.785 2,09 83.0
12 | 0.5 " 4.7C5 1.995 96.0
13 ] 1.0 " 1.75 1.78 103.2
1 ' 1.5 " 1.52 1.67 111.0
15 | 2.0 " 1.29 1,40 146.3
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TABLE NO. 31

TITRATION DATA "OR MERINO WOOL.
M/ 30 Zinc chloride SOLUTION

_ 3y
, )0 g of MERI%WO WOOL + M/30 ZnCl 2 (100 Cm / +

. —

HC1 ., _IOKIC STRENGTH(.) = 0.I0
AT TELMPGRATURE, 2500

M) == —b = b = —
OWL OO0\ HUVUN=000=-J0WMEau N =

Wn, Volume of| Concn, pH of the Milli-mocles
HQ% %ﬂded of SOLUTION of HC1/100 ¢.
, m HC1 Mew=nno WOOL,
' INITIAL | FINAL
—! - - -—-|b- ----I-—-—--—-————— —— —
0.04 | M/T0 3.53 | 4.85 | 2.8
0.06 M/30 3.48 4,805 5.2
0.08 | m/%o 3.62 4.32 - ;.g
. 0- 10 M 0 3.43 4’ .
0.20 I H&IO 2.33 4.75 4.5
6. 30 M/Y0 3,22 4.63 5.8
0.40 M/10 3.14 4.58 7.0
0.50 M/10 3.09 | 4.54 9.0
0.60 M/IO 3.03 ! 4.48 9.1
0.7 M/10 2.99 | 4.40 10.0
0.80 M/I0 2.9T1 | 4.3%2 12.1
0.90 M/10 2.87 4.30 19.%
1.0 M/iro | 2.84 4.22 19.3
1,50 M/10 2.66 3.94 22.1
2.00 , M/10 | 2.5 | 3.7 34.3
i 0.3 M/I | 2.54 i 3.68 27,6
‘ 0.35 M/I V2,47 3.54 33.5
: 0.40 | M/I { 2.43 3.36 34,7
{ 0.50 m/I 2.3%6 3,06 34.9
; 1,00 M/I 2,10 ! 2.45 44,2
21 | 1.5 M/1 ' 1,90 + 2.10 47.3
22 ¢ 2.0 + M/I ‘  I.77 T .92 50.5
2.5 M/1 1.67 I. 80 56.8
3.0 M/1 I1.62 I, 75 64.

nn
S
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Table No. 32

TITRATION DATA FOR MERINO WOOL
M/30 MnCl, Solution. 1.00g of

Merino wool + M/30 MnCl, (100 ij)
+ HC1l. Ionic Strength (M) = 0.10

At Temperature 25°C

Volume Conen. pH of the Solution | Milli-moles of
No.| of HC1 of HC1 HC1/100g - 7
added Initial| Finel Merino Wool
(Ca?)
1 0.05 W10 4.28 5.54 Q49
2| 0.10 " 3.92 5.52 1.20
3| 0.20 . 3.62 5.49 2.08
L1 0.30 . 3.39 534 Ll
5] 0.4 " 3.26 5.25 5.5
6| 0.5 " 3416 5.15 6.9
71 0.7 " 3.01 5.22 9.7
8| 0.8 . 2.96 511 10,2
9| 0.9 " 2. 5.06 11.9
10} 1.0 " 2.81 1.88 Y |
1] 4.5 y 2.68 Lo 4y 20.9
12| 2.0 " 2.56 4.03 27.2
13| 2.5 " 2.48 371 32.0
14| 3.0 " 2.40 NN 37.7
15( 0.5 " 2.33 3.05 3845
16| 1.0 " 2.08 2.43 L5.3
171 15 » 1.7 2.13 50.0
18| 2.0 " 1.78 1.90 56.8
19] 2.5 " 1.68 1.82 59.5
20{ 3.0 * 1.575| 1.70 68.6




Table No. 33
TITRATION D, FOR MERINO WOOL

253

1.00g of Merino Wool + M/30 NiCl, (100 ij) +

HCl. Ionic Strength (M) = 0.10
Lt Temperature 25°C
Volume Concn.
of HC1 of HC1 pH of the solution Milli-Moles
No-| agged of HG/100
(ca’) Initial | Final Nerxino W00
1| 0.2 /10 NN 517 0.22
2| 0.4 " 3.9 5.06 1.12
31 0.5 . 3.49 4.82 3.10
4| 1.0 " 2.855 4615 13.9
51 1.5 " 2.7 423 19.7
6| 0.05 " L.22 5e47 0.57
7| 0.10 " 3.97 546 1.04
8| 0.15 " 3.6 5.36 2.25
9| 0.3 W1 2.60 3.83 24.35
10| 0.35 " 2.53 3.6 29.0
11 | 0.40 " 2.46 341 32.0
12 | 0.45 " 241 3.36 35.6
13 | 0.50 » 2.37 3.17 377
14 | 1.0 " 2.06 2.40 L7.4
15| 1.5 " 1.89 2.115 58.4
16 | 2.0 . 1735 1.920 6.0
17| 2.0 W10 2.58 3.95 25.7
18 | 2.5 " 2.475 3.70 32.4
19 | 3.0 . 2.2 3.46 35.6
20| 3.5 " 234 3435 427




Table No. 3L

TITRATION DATA FOR MERINO WOOL

/30 CoCl, Solution

254

1.00g of Merino Wool + W/30 CoCl, (100 o) +

HCl.

Ionic Strength (B) = 0.10

At Temperature 2500

Volume Conen. Milli-noles
No. | of HCL | of HC1 pH of the Solution of HC1/10Qg
added Merino
(Cn3) Initial Final wool
1 | 0.40 W10 L84 5.15 0.09
2 | 0.50 " 4e72 5.06 0.10
3 | 0.60 " 4.68 4.98 Q.142
4 | 0.70 " Lel5 4485 0.214
5 | 0.80 " e 35 L84 0.30
6 | 0.90 " 3.42 5.06 7.60
71 1.00 » 3.09 4.95 8.10
8 | 1.50 " 2.93%5 4455 11 .60
9 | 2.00 " 2.82 426 14,90
10 | 2.50 " 2.73 3.96 18.00
11 | 3.00 " 2.63 3.77 21.50
12 | 3.50 " 2.56 3.63 25.50
13 | 0.40 M1 2.50 3.48 29.50
14 | 045 - 2.45 3.35 32.50
15 | 0.5 " 2.40 3,22 35.50
16 | 0.55 . 2.30 3.14 42.90
17 | 1.0 " 2.065 240 46.40
18 | 1.5 " 1.89 2.08 47.00
19 | 2.0 - 1.7 1.92 5., 60
20 | 2.50 " 1.675 1.81 57.80
21 | 3.00 w 1.58 1.70 65.40




ALKALT TITRATION DATA.
53¢ . IN DUESENCE OF XIT

solution

AT TEMP. o &

3 Cobalt Chloride

TABLE 1O,

POR_MERINO _WOOL

255

1,00g of MERINO WOOL + M (COCly Sol (10002
+ M/1 NaOll. o
IONIC STRENGTH (M) =1,0
O YOL. GONCN pH OF THE SOLUTION | milli-moles
oF OF ' or
NaOH NaOH NaOil/100g
5 of MERINO
(cm”) MINITIAL  FINAL WOOL
1 0.1 M/1 6.80 6.71 0u12
2 0,2 " 6.89 6,81 0.13
3 0.3 i 6,93 6.90 0,06
4 0.4 n 6.96 6.93 0.06
5 0.5 " 6.98 6.96 0,04
6 0.6 n 7.01 6.97 0.17
-9 0.7 " 7.09 . 6.98 0.17
8 0.8 1" 7. 15 7. 01 0. 04
9 0. 9 H 7- 25 7- 03 On 07




TIT

M/3 _Manganese Chloride

TLBLE N

ON DiTj. FOR MERINO WOOL
AT TEMP, = 25 C . XN PRESENCE OF S.Li.

1.00g of MHRLNO WOOL + M MnCL, ( 100 on’)+

M/1 NaOH., -

IONIC STRENGTH (M) = 1.0

256

N0 | VoL. CONCN| pH OF THE SOLUTION| milli-moles
oF OF
NaOE NaOH/100g
3 Na(E of MERINO WOOL.
(cw”) INITIAL | FINAL
ts 0.1 M/1 5. 91 6o 1 0.17
e 0.2 " 6. 50 6.2 0.16
3 0.3 " 6.40 6.3 0.05
4 0.4 " 6.50 6.5 0.0
5 0.5 " 6.7 6.5 0.05
6 0.6 " 6.7 6.5 0. 05
7 0.7 " 6.7 6.5 0.05
8 0.8 "




ALEALT TITRATION DATA.

AT TEMP., = 259 1IN PRESENCE OF SALT

1.00g of MERINO WOOL 4 2nCl, Sol {(100Cn

TALE NO.

FOR MERINC WOOL

M/3 Zinc Chloride Sol.

%)

257

3
+ M/1 NaOH
IONIC STRENGTH (M) = 1,0
NO{ VOL. | CONCN| pH of THE SOLUTION |  Milli-moles
OF OF OF
NaOH NaOH/100g
NaOR _ of MERINO
(cn”) INTTIAL | FINAL
1 0.1 M/ 5e2 4,60 7.6
2| 0.2 n 54 5.28 0.61
3{ 0.3 " 545 5,45 0. 34
41 0.4 L 5,66 5.50 1461
5| Q.5 " 5.68 5,40 2,39
61 0.6 " 5470 5452 1.7
71 0.7 4 5. 70 5458 1.2
8} 0.8 " 5.72 5.68 1.3
9] 0.9 " 5.9 5. 70 2.93
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TABLE NO. Jd
ALKALT TITRATION DATA. FOR MERINO WOOL
AT TEMP. = 25°C. 1IN PRESENCE OF SALT.

M/3 NICKEL CHLORIDE SOLUTION 5
1.00g of MERINO WOOL +.§ N, (100 en”).
+ M/‘I NaOH.,
IONIC STRENGTH = 1.0
]
VOL. coNCN| pif OF THE SOLUTION milli-moles
OF OF OF
NaQH § pooH NaOH/100g
(cu INITIAL | FINAL of MERINO WOOL,
0,1 M/ 6.85 6.73 0.17
0.2 n 6.88 6.84 0.07
0.3 " 6.92 6.90 0,04
0.4 " 6.9" 6492 0
0.5 " 6.95 6.94 0,02
0.6 " 6.96 6.95 0,02
0.7 " 6.98 6.97 .02
0.8 " 6,99 6.975 .03
0.9
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Table zOQMM
WA TER

APPENDIX

SWELLING DATA

Tempcrature = 22%.

Merino: diam, = 18y

m Cross: diam, = 19.41

R——

Yankasa: diem, = 188

|

Time |Swollen % incrvase|% Esu.omum_“ Swollen|% increase|% 'increase| Swollen w.wuuﬁ&mmum_m increase!
in diam, ! of diem,|of volume | diam. | of diam, [of volume | diam, |of diam. [of volume
Minute; (M) | Sweclling |Swelling (#) | Swelling |Swelling | (M) [Swelling |Swelling
1| 2041 M 11.5 243 21.6 125 | 26.6 224.8 | 18,0 _w 39.2
2| 20,1 | 11.9 25.2 21.6 12.7 27.0 238.8 | 27.0 | 61.3
5 ' 20,3 12.75 27.1 21.7 “ 13.0 | 27.7 258.5 375 _ 89.1
_ 1
10 | 20,9 | 16.0 3.6 2.9 | 142 30,4 263.4 | 40.1 96,1
30 | 21,0 | 16.5 35.7 22,0 | 14.8 3.8 267.2 | 2.1 101.9
: _ _
60 | 21.0 | 16.8 - 36.4 22,1 15.3 32,9 | 268.8 | 43.0 104..5
120 * 21.0 16.9 36.7 22.2 15.8 3.1 268,8 | 43.0 1045 |
! |
180 n.m.?., t 17,0 | 36.9 22,3 m 16.1 | 4.8 268.8 | 43.0 104.5 |

s . 5 o — . it

S p——
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Tgble No.40 SWELLING DATA

Formic acid: T emperature = mmnd
A = 95 B = 506
T4me Merino: diam = 18y | Cross: diam = 19.2yu Yenkasa: diam = 188,
Ebpﬂ.nm Swollen|% increase|? Huow»mum mﬂowpmn“m increase|%® increase| swollen|% EEu.mE.mmm increase
hm»ma u | of diam, |[of volume |diam, M| of diam, |of volume | diam, M| of diam. | of volume
1 | 28,62 59.0 152.8 30.91 61.0 159.21 __mwu.mm 56,0 143,36
2 m 28,17 56,5 144.9 30.57 59.2 153.45 _uoo.m 60.0 156.0
5 27.90 | 55.0 140,3 30.3, 58.0 149.64 | 304,56 | 62.0 162 44
30 |27.72 | 54.0 137.2 30443 58.5 151.22 | 308,696| 64.2. 169,62
60 |27.63 | 53.5 135.6 29.95 56.0 14,3.36 | 3149 | 67.5 180,56
120 | 27.36 | 52,0 13.0 29.95 56.0 143.36 | 317.53 | 68.9 185.27
180 27.36 52.0 131.0 29.53 55.9 145.05 319.13 | 69.75 188,15
Bo 2 | 2447 | 343 80,37 |26.11 36,0 84,.98 !235.0 | 25.0 56,25
5 | 2442 | 34.0 79.56 |25.88 3.8 8.7 1236.88 | 26.0 58.76
30 | 24.21 .5 80,90 |[25.90 3.9 81.98 |235.95. | 25.5 57.50
60 {2421 | 345 80.90 |25.88 34.8 Bl |235.94 | 25.5 57.50
120 | 24.21 3445 80.90 125,88 34e9 8.7 235.9% | 2545 57.50
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Table No,Li SWELLING DATA
Hydrochloric Acid Temperature = 22°C
(0.28) = 0. 7%

ﬂam Merino: m.wma. =184 Cross: diam. = 19.2p 3 «Eﬁm.mma diam; = 188y
.___””c.«m m:owu.gw wboa.oﬂ.mmmm increase! .u.iou.w.:“u Ancrease |% increase| Swollen|% ?.ou.mmumwm increase
__r.! | 8lan, |of dian, | of volume | diam, |of diam, |of volume | diem. | of diam. |of volume
_ 05 _ 19.53 _ 8.5 17.72 20.93 | 9.0 18.81 224,66 19.5 40,80

10 | 19.89 | 10.6 22,10 21,50 | 12,0 25.4 |258.97 | 37.75 89.75

30 [19.91 | 10.6 W 22,32 _ 21,50 | 12,0 25.44  1259.31 | 37.93 90.25

60 | 19.91 _ 10,6 22,32 | 21.50 ! 12,50 25.44  1259.35 | 37.95 95.86
| 120 | 19,91 _ 10,6 223 | 21,50 | 12.0 25.44  1259.35 | 37.95 95.86

i

:

——
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Table No. 42
Formamide Aooﬂ?bﬂM

SWELLING

U‘J

——

o
Temperature =22 ©

Tnﬁa : Merino: diam, = 18.0n Cross: diam. = 18,2M Yankasa: dian, = 188u
E.u.Mc&m ...mﬂowwm:_m increase |% increase|S ollen|% increase ﬁ increase|S..ollen .m.wl.....aou.mmum wmm increase
diam, |of diam, |of volume | diam. |of diam., |!of volume | diag, |of diam, |of volume
™% T2 | 1.0 | 2.0 | 0 0 i e s
10 | 18,5 | 2.5 | 5.1 18,8 305 |74 |2R. | 7.5 15,6
30 20,0 | 11.0 23.2 H 20,5 12.5 26.6 225,1 19.8 43.4
60 | 20.9 | 16.0 W6 | 21k 17.8 38.7 227.9 | 21.2 46,9
120 | 21,8 | 21,0 464 22.4 23.2 51.7 234.8 | 24.9 | 56.0
180 [ 21,8 | 211 sk | 2 23,3 | 519 (2.2 | 254 56.5
| \DIMETHYL, FORMAMIDE (Concn.5 _
5 (18,4 2,0 bt 18.8 3.0 6.1 189.9 1.0 2.0
10 | 18,7 4.0 8.2 19.3 6.0 124 19247 2.5 5.4
30 | 19.1 5.9 w 12.1 19.7 8.0 16.6 195.3 3.9 8.0
60 | 19.4 745 15.6 20,0 10,0 21.0 198.9 5.8 11.9
120 ﬁ 19.8 9.75 20.5 20,0 10,0 21.0 21,0 6.9 {1443
180 | 19.8 1 9.75 20.5 20,0 | 10.0 21,0 201.,0 6.9 14.3
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Siidn a3 SWELLING _DATA
Phenol: 10% Temperature = 22°C
T ime Merino: diam = 18,0 Cross: diam = 18,2u “ Yankasa: diam = 188p "1
zw”:.nm mao“_.“_.mu_m increase|% increase mnou...p..on“_u increase|% increase|Swollen|# increase|® increase
diam, | of diam, |of volume ! mwmn-_.g_ of diam, |of volume &B.L.ow diam, |of volume
5 224 | 23.0 | 51.3 23.4 _ 27.0 61.3  1282.0 H 50.0 125.0
| 10 | 22.5 2.9 * 56.0 23.1 27.0 61.3 meq.o _ 58.0 149.6
30 |22,7 | 26.0 | 58.8 23.1 27.0 | 61.3 338.4 | 80,0 224.0
60 | 23,2 29.0 | 66.4 23.7 30.0 _ 69,0 376.0 | 100,0 300. O
120 |23.3 | 29.5 “ 67.7 23.7 30.0 m 69,0 376.0 | 100,0 300,0
| (PHmOL) Conem. 9 | .
5 21.6 20 4,0 | 22.9 m 26.0 58.8 261.3 39 _ 93.2
10 22,5 25 56.3 24.9 37.0 7.7 282.0 50 125.0
30 23,2 29 66.4 27.4 k9.0 122.0 325.2 3 199.3
60 |23 | 3 82.3 [27.3 | 50.0 |125.0 {33%.5 | 79 220.4
1120 j24.5 36 85.0 2744 50.5 126.5 338.4 80 224.5
180 |24.5 36 _ 85.0 27.3 50.0 1125.0 _r&m.p | 80 | 224.0
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SWELLING DATA

Table L4
([ormaldehyde LOF) Temperature = 22°C
.npaa moﬂtsu diaa = 18.0u Cross: diam = 18.2u " mﬁﬂﬁmag = 188
Wcs mmwﬁoanm “_bon.mmua“ﬁ increase [Swollen _m bau.mmum‘“m uboudnummw:oﬁm:__vm Haummmmﬁm increase
am, of diam, _ow volume &,wm. of diam, Wow volume | &.PP of diam, “o% volume

5 | 21.5 _ 20,0 | W0 [22.9 | 26.0 _ 8.8  |263.0 . 39.0 m 93,2
10 | 22,5 J 25.0 | 56.3 24.9 37.0 _ 87.7 282.0 ~ 50.0 125.0 ﬁ
30 |23.2 | 29.0 66.4 1274 | 19.0 " 12,0 [30h6 | 62,0 | 162u |
60 |23.8 | 2.0 | 2 |27.3 | 500 | 1250 [325.2 | 73.0 | 1995 |

120 |47.3 | 3.8 82.3 27.5 | 51.0 | 128.0 3365 | 79.0 | 220, _
180 | 47.5 | 35.0 82.3 mm“..m | 51.0 _ 128.0 338.4 . 80.0 22},,0 *
m | (Acetaldehyde Conc. 100%) | _

5 (18.2 | 0 0 18.2 0 0 188 | o© 0 __
10 {183 | 1.0 ! 2.0 18.2 | 0 0 88 | o 0 4
30 (18,4 | 1.5 3.0 118.2 0 0 188 0 0 |
60 |18, 2.0 4.0 18.5 1,5 ' 3.0 19 .4 2.1 4.2 |

120 | 18.4 2.1 | ko2 18.6 1.9 3.8 1193,3 | 2.8 5.7
. 180 ...“.m.im- 2.1 _ 4.2 ._m.u. n.q.m | 5e7 Tmm.m A 4.0 _ 8.2 A
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Table 45
Acetic Acid 50% T emperature = 22°C

_.H.Eo H Merino: diam = 18.0u Cross: diam = 18,2 Yankasa: diam = 1884
wa.:ao ?MWHJ,& increase|% increasol wﬂo.bbumm waou.omummm increase maowwmu_ﬂ»aauomum % inerease
_w .| of diam, |of volume | diam, ! of diam, | of volume diam,|{of diam, .ow volume

51272 | 51.0 12.8 278! 53.0 134 27.8 H 48.0 | 11.9

10| 274 | 52.0 131 28.0 | 54.0 13.7 28,0 A 48.9 12.2

30 | 27.5 | 52.9 13.4 28.2 55.0 14.0 28,2 _ 50,0 12.5

60 | 27.5 53.0 13.4 | 28,2 | 55.0 m 14,0 28.2 w 49.8 12

120 | 27.5 | 53,0 13.4 28.2 | 55.0 14.0 28.2 | 50.0 12,5

180 w 275 | 53.0 13.4 28.2 55.0 14.0 28,2 50,0 12.5

.“ m %E.Hn ACID 10G% |

0| - | - | = - _ - - 190.0 1.0 2.0

0| - - - - “ - - 197.4 | 5.0 10,3

60 | - - - - § = - 198.3 5.5 11.3

120 | - - P- “ - - | - 199,2 6.0 1244
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Table No.46 SWELLING DATA
Urea (50% concentration) Temperature = 22°C
H Time | Merino: diam = 18.0M . .In.u.oP...." diam = 18,2M _ Yankasa diam = 188p
“ & _maoww.m“w Maoumnuo % wnou.am..mo .mhmwm.mamm ineressc|% increase|Swollenl % wuaammuﬂm ‘nerease
Minute| diam,| of diam,| of 43&&. di m.m__ c.m, diam, | of volunme | &M“‘ of diam, ’ of volume
v [18s 1 56 | 103 9.2 ,__l 5.6 ns | 188 o | o
5 20,3 | 2.5 | 26.6 #, 20.5 _ 12.5 ” 26.6 186 0 0
10 | 207 15.0 | 2.3 _ 21,0 | 155 | 334 1855 4.0 8.16
30 | 20,5 195 128 | 2.8 | 200 | 0 |197.4| 5.0 10.3
60 1.7 | 20.5 m 45.2 | 22,0 21.0 IN: N 197.6 51 10.5
120 21.8 | 20,9 H 46.2 | 22.1 21.7 48.1 198.5 546 143
180 | 21.8 P 21.0 i NN 22.1 21.7 : L8.1 198.5 5.6 14.3
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Table No.47

Hydrazine _mem&

SWELLING DATA

T emperature = 20%

.Hm.am wauwﬂou diam, = 18,04 Cross: diam. = \_um...mlr Yankasa: diam. = 188
Eubac.«m Swollen|ss iuncrease|%® increase| Swollen|% Hnon.wm.wo.mm inerease| Swollen [% increasei% increase
diam, of diam, _ow volume diam, of diam, |of volume diam, of diam, {of volume

1] 27,0 50 12.5 38k 111 3445 330.9 76.0 20.9

5 30.8 iy 19.2 42.2 132 43.8 336.5 79.0 22,0

10 36,0 100 50,0 45.5 150 52.5 336.5 79,0 22.0

30 45.0 150 52.5 0.1 175 6546 338.4 80,0 224

60 | 45,0 150 52.5 5041 175 65.6° |338.4 80.0 22,4

(GLYCEROL)! 100%
3 18.0 0 0 18,2 - - 188 - -

60 | 18,0 0 0 18,2 - - 189.9 1.0 2.0

120 | 148.0 0 0 1843 0.5 1.0 19,5 1.9 3.8

180 18,0 Q 0 18,3 0.5 1.0 192,3 2.3 4e?




APPENDIX 5

HYSTERESIS CURVES DI'E TO EXTENTICN zry
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1 CAD
Lerino in formic acid
(50Y)
lU ;L.ius .
‘eale: 10g

I
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e i

' 1/
L\il L

erino in formic meia (FO7)
o 5311'130
Senle: 10g

werino in phenol

LOAD

120 mins.

Seale: 10g

ICAT

LR . o
‘erino In p!

-

enol
0 nins.
seale: 10g




S ——
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|
{ Yoms | o
; CeoEs in Porilc Bedd ! 2ross if formic naeciA
: 10 mins. | S mins,
L Scake : 10g j ieale: 10g
‘ ]
r
| |
| LOAD
' werino in phenol |
LCAD 60 mins.
lerino in phenol ~cale:l0g

.
-

120 mins.
cale: 10g¢
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AL L

Merino in absolute slcohol

10 mins. Scale:20g

11.6

Merino in absolute slecohol

-
L=

mins,. ocale:20,r7

LOAT

LOAT

Cross in 0.2 N EC1

10 mins.

Scale: 10g

LCAT

ross in Thioflyecollie sein
10 mins. Seale:l0r
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LOAT

Merino in nbsolute 2lcoho!

10 mins.

LOAD

“erino in ~hanlute ~langhnl

" cemins.
Seale: 20g | . :
i senle @ 20p
|
E
1
LeAD LOAT
.- = . OI\ e - - Lad f\("'
Lerino temp. 9077 Yerino in ice ,Temp. O O
I‘.‘_:. ].Ct‘.:\.: I"."". 1rn :'JCQIQ: 1(‘,"'
seale @ 10f¢




Merino

ICAD
Cry
0,
Tempe. 22 C
I".h. Of—"
ocnle: 20g

\
|
I
|
|
i

272

V<

LOAT
Yerino Temp. 0°2

I‘.h. 100 'f'
Scnle: 2C¢
LCAT

v LOAD

Merino Tempe. 90°2 "erino TCry

rohe 1007 Temp. 2277
scale: 1l0g r<he 04 Senale: 20g

i ———



LOAT

Oross in sbsolute alcohol
10 .'ni.!'lﬂo
Secale: 1Cr

LCAD
Terino in formiec seciq
1C mins.

ocale. 2C¢
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“TCAT
Cross in thioglycollic aciA
10 mins,
Jeale: 10p

LOAT
“erino in formie Aeci~
£ mins.
Jeale: 20r
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~ \
ICi&.D ( -'Eo Fl

2ross in Zormic sei’

1C mins.

scele; 1Cg

LOAT ( ".’-P)

“ross i1 Permie aciig

S, mins.

>caley 10f¢

LOAD

Llerino in water

Tenp.

ocale320f r.he

00°2

100w

Jerino

Jenale:

LOATD

in phenol
20 mins,

20r




LOAD
Cross in MiCl, (o0.32H)
72 hours. .cale: 10g
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¥ TQAD
MERINC in 0.37 M ZoCl,,
72 hours Serle: 10g

LCAD

MERIMNC snd CRCSO
in 0,334 NiCl,
72 hours _ckle:

10g

1.OAT
CRCCZ in 0.8 3031?
72 hours

Serle: 10g
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LCAD
Yﬁ[lkasn in O’:'\\grc :‘1112
72 Lours
Zenale: 0g

TCAD
~erino in fornic sciA
10 mins,
Temp. 220

scnle: 20p

LOAD

Yenxass 1in weter
m L O
4 Bﬂlpo 2"" ﬂ’

ocale: O0g

1CAT
"erino in formic neid
© mins.
Jenle: 20f




LCAT
Cross ary
Temp. 929
r.h, Ox

secale: Z0f

10T

erino in Cormémide

10 mins.
Scale: 20g

—_————
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Jross in agide water

72 rours

Temp,
seale:

S

000n

20¢r

"erino

10AT

in formemide

v ming,

“eale

:20f¢
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P ———————

llerino insidle water (ice)

—

LOAT

Tenpe 0%

r.h. 1005
wcale: 10f¢

e e

2ross in

1(‘\

10AT
ormanide

mins.

acale: 10 g

T ———— & —— T —— e T W e ol

TOAED
Yerino Ary
Tehe 04
e ODO
LefDe e C
Scale: 201
e ——
i
LCAD
Yankssa wool in 0,77 2071,
72 tours Seales 50
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