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ABSTRACT

Wool and hair constitute a major component of effluent materials
in the tanning industry. Since they are insoluble in aqueous medium
where most of the tanning processes are undertaken, it becomes
necessary to investigate other sources that will convert their

insolubility into a useful process and cut down the cost of production

Conditioned native and modified Yankasa wool fibres were treated
with metal ions and the uptake was measured. The effect of metal
ion uptake on the mechanical properties of the wool was also determined.
Yankasa wool fibres impregnated with metal ions were subjected to
infrared spectroscopic studies. These studies showed that interaction
between the reactive groups in wool (hydroxyl, amino,phenolic and
carboxyl groups etc) and the electron dificient metal ions result
in complex formation. As a result, Yankasa wool fibres which
hitherto are drained into effluent tanks and later collected and
burnt, can now serve as scavengers for retriving expensive and toxic
metal ions from industrial water. Furthermore, the treatment has

been found to improve the tensile strength, flexibility and modulus.



Chapter I
121 LNIRODUCTION

ool and hair are some of the animal by=products which presently
lie wasted in this country when an animal is slruthtered or is dead
by other cruses, Wool is a major source of the kersntins which are
fibroug proteins of long ehain molecules, alisned ~long the fibrl.1
Since wool is insoluble in aqueous medium, it constitutes a major
component of effluent materials especially in leather processing
operantions, This insolubility, together with the prescnce of high
reactive gites having affinity for ions, will make wool potentially
useful as an insoluble matrix for removing both ‘toxic ond expensive
metal ions by binding from aqueous solutions,

141.2 Function and sourge of Yankasa Wool - -

Wool grows on higher vertebrates as a protective covering,
forming: a barrier between the animal and its environment®, The main
gources of wool in Nigeria are from the sheep Yankasa and Ouda located
in the suverma regions around Kano, Kaduna, Gongola and Plateau states.
It is estimated that between 2 to 2,4 million heads of sheep are

produced y-arly in the countzy.B oh



CRT~O-CORTEX PARA~ZORTEY

MEROFBRIL  /

) EPICUTICLE
4 N EXOCUTICLE
MICROFISRIL i ENDOCLTICLE
] -
MACROF BRI

- PROTEIN AND
LEAR REMNANTS

i/

HIN

&

Fig. W  Diagram summarising the main feature: of the euticl:

and cortex Lﬂxf i j



1e143 General structure of Wool fibre
The technique of electron microacopys has ghown that fine wool

contains two types of cells, the flattened extern~l cuticle cells and
long polyhedral corticel cells, In coarse wool fibree such as
ihnkasa, there is a third cellular component, the medulla which forms
a central core of interlocking cells, A diagromatic representation of
wool structure is ®aiown in fig, 1.

Cuticle

The cuticle in keratin fibres varies from one type to another and
is present to aboug 2-1004in wool, Its consits of' three layers =
epicuticle, exocuticle, and endocuticle and overlap in the longitu-
dinal direction of the fi'brg. ¥=ray, birefringence and electron
nicroscopy studies by Hocks, Hock and McMurdie! have shown that the
cuticle is on amorphous protein, This has been confirmed by the fact
that poudered wool and cortical cells show birefringencce whereas
cuticle coes not, Zahﬁfﬁ has shown that the cuticle cells are
seporated from one another and the underlying cortex by longitudinal
fibrils called the cell membrane complex similar to thot which separntes
the; cortical cells from one another, The cuticle is much less
extonsible than the cortex and swells less than the cortex, since
longitudinal cracks are formed when fibres are swollen diumetrically by
grecter than 30%, This results from the greater degree of cross-
linking of the cuticle compared with the cortex, particulrrly the
exocuticle where there is about cne cross-link per five anino acid

residue,
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Appleyard and Grevilla9 found that the cuticle of wool is normally
one cell thick around the fibre except where celle overlap, This has
beer confirmed by Sikorskil® and other workers who excmined the cross
sections and longitudinal sections by transnission electron nmicroscopy.
Large di-neter-fibres like Yankasa tend to hove rmitiple layers of cells
in their cuticle and overlap both in the transverse ond longitudinal
direction amounting to about one sixth of the length of the cuticle cell.

The epicuticle

The epicuticle is 2 thin membrane which covers the external surface
of ker:-tin fibres and is the source of their hydrovhobic nature.11
King »nd Brndhury12 have disproved that the epicuticle contains some
carbohydrotc but suggested thet it is about B0OY protegy~nd 5% lipid.
This view wos independently confirmed by Lefts and Truteri3e Leeder
and Brodbury'l ghowed that the epicuticle is a chomically resistant
nenbrenewhich completely surrounds each cuticle cell thereby preventing
the egress of soluble polypeptides from the Allwdrden sae, through the
underside of the separated cuticle cell. They therefore proposed that
the epicuticle originatcd from the cell membrone complex of the cuticle

301115

The exocqggcle

This ie the cuticle layer which appears to be on the outside of the
fibre, since the very thin epicuticle membranc on the surface is not

visible,
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It is cnerelly considered to represent slightly more than holf of the
total cuticle cells, and Bradbury and Ley16 hrve shown in a recent
chemical study on merino wool that it occupies €4% of the cuticle.

The endocuticle

Thie is n well defined layer below the oxocutice -nd separated
fron the next underlying cuticle call by a cell nembrane complexs
Birbeck 'nd Mercer!? .5 well as Hogers18, in their ctudies on developing
hoir filres chowed that the endocuticle consistu of the cytoplasmic
debris derived from the cytoplasm of the once living cuticle cell which
iec an internag@rofibrillar material.

The cell membrane complex which underlies the external cuticle cells
and surrcunds conpletely the internally situatud corticol cells of the
fibres, form a network structure which was identified by Appleyard
and Dr.oke19. This complex carries out an important function of
sticking tho cells together, a function without which the cells would
have fallen ~part as is the case when 'the neubranc couplex is dissolved

by enzynotic :‘.ction20 or wvhen it is chemically trerted with formic acid,
The Cortex

The cortex of keratin fibres contains ~ conplex structure which
by iar outweighs that in the cuticle and cell nc brane couplex,
It constitutes the largest proportion of the fiLwe ~nd is up to 86.5%
in fine wool, It is responsible for mnny of the physical properties

of wool ouch a2s elasticity. The cortex is bilaterally scgaented into

two mejor components, now generally called orthocortex and paracortex,
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The orthe and pews eortioces are gpproximmte heiicylindems wound wound
each other helically in phase with the crinp of the fibre, so that the
parncortox is always placed on the inside #nd the orthocortex on the out=
side of the crimp curvature, Early workers have shown that the ortho-

cortex is more accessible and more readily dissolved thon the psu:m::o::"l:oxg2
Horio and Kondo®3 found that fibres which show bil-teral asymmetry ave

crimped or curled, and those shat are bilaterally ssymoetric are

relatively atmi’ht. Therefore, finc wool fibres arc nommally bilaterally
asyrrictric and erinped while cerimpless :mmtant norinc wool shows cylindrical
asy'mictry with a core of orthocortui.2h As wool fibres become coarser,
there is a tronsition from erinped, bilaterally -symrctric fi*bres to
strnight fitres with cylindrical asymnetryzs. Thus, relatively
straight Yonkosa wool fibres should be expected to exhibit cylindrical
asymmetry with a central core of orthocortex surrcunded by en armular
ring of parncortex.

The parccortex contains microfibrilenstrix structure which is nore
regular than in the orthocortex. There is also a larpe ~nount of
matrix relotive to microfibrils in parncortex, 05Since the matrizx stains
more he~vily with metals than the microfibrils, Crewther and otherss
have crsued that the former is morc heavily cross—linked with dis-
ulphide bonis, The fact that the parncortical cclls hove been found
to poscess grcrter cystine than the orthocortical cells howve confirmed

their clain,



The Medulla

The medulla hrs an open structure with lorze mumber of vaouoloszs
in contrrst to the conpact, dense structure of the cuticle and cortex,
This is because the protein synthesized during the growth in the
folliclc is in-adequate to fill the cell cavities ~nd during desication
of the¢ cells, intracellular maps appear and the final structure becomes
open ~nd light but stiff giving rise to a lighter, bulkier but stiff
hairzs'z?.

The medulla does not occur in fine wool fibressuch as the
Australisn Merino 64's but when present forms an axicl strean of cells
in the ccentre of the fibre, Yanknsa wool appcars to be coarse and
Kazni®® clnins that nedulla exists within this fidre, The centre
core ravigzes from a small anount of material which is not continous
alonr the fibre to a large core in other cases accounting for nore
than 1550 of the weight of the fibre2?, It therefore sppears to be
larpely anorphous in the electron microscope, although there is

sore evidence of fibr11527. The medulla contains proteins with a

very low cystine content and larpre amount of citrulline3°*31,
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CHAITER 2
4giino seid Copposition of wool

241

ool protein consists of polypeptide choins of enrbon and nitrogen,

with

residucs joined together as showni-

hylrogen and oxygen atoms attached in the form of amino acid

Zidno acids are zwitterions, casily soluble in weter but insoluble

in oroenic solvents.

hydrolysate by means of column chronatogsraphy .

Their composition is detexriinecd fronm the

2
32,33 The anino acid

|
content of nerino wool given by Corfield anc llob.rz-nnj", and Alexander

and fh.zrl:aon35 are compared below in table I

Table 2.1 J

Anino aeid content of Merino 6L's wool

e e S Ig;t?og_‘n Contint as % Merino 6k well

l ? Sgrﬁfld _ilox-nder and Hadson
o NEy= "= CH = COOH Astbury Horris
Alanine R = = CHy 4,12 413 L1y
Arrinine ~(CHz)4 nHec? 19,1 10.30 10,40
Aspariic acid - CH,CO0H Wl 138 6457 7+27
Cystine =CHpe5.8,CHy= 7430 11,90 12,20
Glutanic ceid -(CH,),CO0H 8.48 11,410 15.27
Glycine -H 6.29 6450 6450
Histidine ~CHp=C = CH

ﬁg .ﬁﬁ”ﬂ 1.91 070 0.70

Ieolewcine =CH, CII%CH3)2 2.4 - -
Leucine " 5.85 11,30 11.30
Lysine -(CHy)y, WHp 3.92 2465 3430
Methionine -(C!’{z).S,CHB 0432 0470 0.71
Phenylalanine ~ CHpe Cg Hg 2,12 3.75 3.75




Proline

Serine -
Threcains:

= A -
Trypltopheanc

Tyrceine
Valine

Anide nitrogen

Tetrl

Hp C = CHp
+od

Hy@ CH =CO0H
~n”

H
-CHy OH

~CH(0HY . CH3
~CHZmgmg # °F

_/r')a“g;;
ﬂC\v 3:45*
H ﬁ

-CH (CH3)2

5.05 6,80 6,75
8,66 10,30 9.1
5.12 0,40 6-76
0.82 1.C0 0,70
2,62 L.i55 5.80
L.16 44 €0 LeT2
6.73 1.13 1.L0
99.39 107,35 109,90

K:zxi3s vorked on the amino acid: content of locel nerino and

Yanksss, wool and arrived at the followins rocsult shown in table

242,11
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Table 243411

Anino acid conposition of wool

fdino l.cid Yankasa Wool Merino Wool
APl /g Res /1000 p uol/s Res /1000

Alaninc L7 55 h79 5k
Arginine ! 597 N 625 71
Asprrtic neid f 545 67 566 64
Gluteasiie acid 1180 1146 oll: 109
Cyatine 725 89 289 111
Threonine L83 60 . 602 68
Serine 860 106 1014 115
Glycine 1 580 T 678 76
Proline 529 65 663 75
Methioning L1 5 20 3
Isolcucine 268 35 264 30
Leucine 655 81 640 72
Tyrosine 217 27 315 36
Phonyl-lanine 199 25 212 2y
Lysine 291 36 253 28
Histidine 59 7 61 7 |
Voline 21 52 530 60
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lis resulte show that Yankeaa wool has lower alanine, aspartio acid,
cystine, threonime, serine, glycine, proline, tyrosine, phenylalanine,
histidine and valine content but higher glutamic acid, methionine
isoleucine, leucine, lysine content than local merino wool.
2.2 Reactivity of VWool Proteins

Keratin fibres, by their naturc =nd origin are among the most
heterogenecus materials to be subject.d to physical and chemical
studies, The reactivity of their proteins is attributed to the nature
" and structure of the groups present and con be altered by modifying
the primary strueture of the main polypeptide chain and the side chains
of the component amino acids. Deprecssed or enhhanad ' renctivity
of a functional group in the protein can result from the influence
of features characteriptic of the protein cnvironment or from inter—
action between the reagent and the vrotein environment, or from both,
Thus, owing to the presence of a large muuber of various side chains,
. keratins are capable of taking part i1 2 wide variety of chemical
reactions resulting in the formation of disulphide cross-linkasmes
between adjacent oxr parallel cystine chainsg salt linkages between
basio (lysine, and arginine) and scidde (;lutanic and aspartic acids)

groupy and hydrogen bnnds1 between CO and LiH srouns fn parallel foldls
or spirals, all acting along the fibre axis as shown in figure 2,2,2



@ .

3 /
Co <
/ R
~NH Nk
\C-H ']
-ChH, «cS =5 =l H, -
A p i a—Cr
| ™ N
| Co 'j t-\u ‘Jxkq‘g CU
\ J
| Sk /
I y ~H
{ A \
| P CH -
! Y 4
é /
ol TH \
- | \c_ . = /NH
5 H=CH " - oo HyN
e / % i) Tkt iy A Pl &I
3. 2 1 (H
O !
> N i
= / :)Ait Lira l&.-’u‘ju i~ H
c --'(_\H \(_H_,
c - /
= CL.-
= Co
9! / X
;Jl ~NH e
R N - » /
A & W=Ch, - (00 Hapn- C = NHH, =, - (.H,_-(:;H
i t
: LC' i LO
~ ’
,-—*“C——N’/
;o \
roo "

Fige 24242, Linkages qnafEEEEE in Keratin
These linkages through the side chains ~re responsible for the
mechanical properties of the fibre, Middlebrooi? established that the

earboxyl groups in aspartic acid of wool are present as amides wherees

glutamic acid provides all the free carboxyl groups.
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The thenolic residue which is introduced into wool by the =mino
acid tyrosine is the centre of high rcoctivity and probably influcnces
the chenjeal properties of the fibre BicnificantlyBS as it is capable
of forming powerful hydromen bonding, Lt.mdgrel} %uggestud that tiro
tyrosine residues nay, unite to form* » phenolic ether cross-link
between peptide chains, This reaction appears to explain the insolubility
of the subcuticle membrane in solventswhiclh can bfeak hydrogen honds
after the oxidation of all the d@isulphide bonds,

The basic groups in wool are provided by the anino groups 2t
the end of the peptide chains and side groups of lysine and argzinine,
Van Slyk&r$ontulated the presence of a small propertion of hydroxylysine
btut coneluded that it is unreactive when trected with dinitrofluoro-
benzene, Middlebrookli0 later concluded thot the side=chain amino
group ust be eombined in wool in a way vet to be determined and
suggested that these amino groups bocone free only on hydrolysis,

The relation between wool structure and reactivity was given by

Dusenbury and Coch1 who posulated thnt the orthocortex is more

reactive than the paracortex since eystine which exercises some
stabilizing effect is nore in orthecortex, This view was upheld by
Elliott and Robertsbz who found reactive cxtensive network of

intermacrofibrillar naterials in the orthocortex,



An insight into the possibility of metal ions to interact with
proteins can be gained by utilising the following assumptions43f
which represent the general properties of proteinss:=
&« The length of the peptide chain is much greater in
proteins than in amino acids and small peptides,
Therefore the side-chain groups such as carboxyl,
irddazole or sulfhydryl are usually of nuch more
inportance in binding the metnl ions than the
terminal amino and carboxyl groups in amino acids.

be There are usually severnl members of a given class
of groups in a protein molecule, This means that
the number of metal ions bound to a given class of
groups depends both on the intrinsic affinity of
ligand group for the nectal ion and the nunber of such
groups availeble to react,

¢ce The ligand groups in native protein are not free to

nove and cluster around n metal ion like snnll ligands,
It follows that even when only a few metal ions are
bound to a protein which carries nany ligand groups,
each netal ion may combine with only one ligand

group. In such a case, the cquilibriun at any one
place of binding called a gite, corresponds to the
first succcosive series of equilibria seen with

snall ligands,
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de The protein moleculc is a .'ﬁwittorich whose net potential
field favours or hinders the approach of the netal ion.
This nmeans that the apparent affinity constants change
as nore and nore ions are token into nccount in inter-
proting the equilibria between netal ions and proteins,

es A few ligands will be found in arrays which are sterically
favourable for the chelation of perticular nmetal ion in
certain proteins. Such o cluster of groups nay be present
in the metal-frec pretein, and the affinity of this site
for a given netel ion would be larger than the affinity of
any conponent group of the cluster., On the other hand, the
clugster nay be forned by one particular configuration of
the protein selected fron o number of pernmissible
configurations, or by a particular association of subunite
of the protein, In other words, specific chelate effects
are expected to be intinately related to protein structure
and transfornation of structure. The application of these
assurptions will emsble us to derive the fundamental
equations that describe the interaction between nmetal ion
and proteins.

3.2. Theory of mne b simgle ligand groups

The associntion betwecen any nolecule or ion and a site 41

on & protein molecule was described by Gurd ot al.” with the

equation

= KiJ 2.5:—-@ D.J = KiJ t_?'aJ LR ER]
510) X -

where (1iJ) is the probability that J is associated at site i

p Ii.o,‘- is the probability that no nolecule or ion is associated ag e .
BlTe 1le
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KiJ is the intrinsic asscciation conatant for the reaction,
XiJ and 2;’10 are the activity coofficients of the protein nolecules
with and without J at site i, rcspectively, and aJ is the activity
of J. Lyis the ratio b’io/Iﬁ, i is ordttod, since the value of
U7 1s takon to bo the sare no mattor which site binds J. This is
consequence of the assunption that the reaction at one site is
uninflucneed by renction at another except insofar as the alteration
in the net charge borne by the protein rolecule causes a corresponding
change in the electrical werk invélved in the approach of an ion to
e binding site, The value of T is therefore o function of the
eonposition of .the solvent and the charge on the protein nolecule,
but is independent of the nature of the sites On the other hand,
KiJ deponds only on the nature of the site and emerges as a true
thernodynanic constant if aJ is referred to n standard state of
infinite dilution and .EJ' is referred to dilute protein of zero
net charge,

When the association of a netal ion M is considnrad)oquatian

(1) vecores

-&’é} - m%ux=mﬁnaﬁ-—(z)

where iM, KiM, iM, aM und THM havo ncanings corresponding to those
assigned for J, Since the sun of all probabilitics that a single
site 1 is cither open or associated with a nolecule or ion J is equal

to unity, then

10  + %&U )

—————(3)



Applying Scatcherds principloM, it is possible to consider the
whole protein molecule with several different classes of sites i,
and each ni in number, The average number of molecules or ions
of any type J bound to any class of site i is designated by ViJ
which is equal to ni(iJ), Consequently, ';.'I,M equals ni(iM),

By summing the values of -)')'114 over all classes of sites, we

obtain the quantity
Un = <; PEL
which is the average number of metal ions bound to all possible

sites of one molecule, By combining equations (1), (2) ana (3)

the general equation of binding is cobtained as

2 _ niki¥t T aM ()
\fi” 1 +§__xiJ‘CJ aJ
J

Most of the chemical groups in a protein molecule that may be

expected to combine with metal ions are also capable of combining

with hydrogen ions, and in general there will be competition for

sites in the protein. The equilibria existing between metal ions

and protein ligands apply similarly to hydrogen ions. Figure

3.3. III represents a hypothetical i'™® class of ni identical groups

(carboxyl, imidazole or E-amino e'bc.), ‘\jiH of which are combined with WM

= which ave Gumbingd
and Vi -f A with some other cations, M.




------- b lp—— W 1
= — ,
yir Vix
m}; ‘“ KiM
] L")

Fig. 3¢3.3: BEquilibria of hydrogen and mctal ions with ni
identical sites of 1™ class in o protein, giﬂ and i}-ﬂl
represent the average number of hydrogen and metal ions
bound to this class of sites.

There remains (ni- ﬁiﬂ - ,')'m) groups in the uncombined

(or conjugated base) form, It can be deduced from equation (1) that

) . KiM T M _aM
}% = niE‘iE; - KiE TH aH
or KiM = \;QI KiH _CH al —(6)
pIE L0 af

Equations (4) and (6) when combined give two equations

which describe the equilibria for each ion:

l}iﬂ - WETLE af (01« ViE -Pi1) —(7)

Pt = kT an (of - Pix -';’_w) —(8)



Hydrogen ion competition can be most roadily deteeted by
observing a shift in pH following the addition of a metal salt
to an unbuffered protein solution. When the added ions enter
into competition with hydrogen ions for sites, a rise in aH
(fall in pH) should occur according to equation (n provided
that the test is restricted to the pH range where hydrolysis
of the metal ion can be neglelhod.
3+4. Metal don binding to Proteins

Proteins, with their many reactive side chains have the
potential capacity to bind most metals very tightly. During
such binding, the metal ions serve as cross link between peptide
chains resulting in metal-protein complexes. In such complexes)
the metal ions act as recipicnts of electron pairs from dongr atoms

in the protein ligand g:roupa45’46

resulting in the formation of
Sp3, dnpz, and <12£sp3 hybridisation. Bach of the natural amino
acids in a protein is capable of forming a stable, five-membered
chelate ring with a metal atom. In the common skeleton,

NH2 = CHR - COO—, two effective donor atoms arc separated by
three bonds. Some of the amino acids have effective donor atoms
in the side chain, R, and these may enter into complex formation
and may compete with the ¢damino and carboxyl groups. Hattookd"?
has pointed out that the metals which tend to form polynuclear
complexes are those which form metal-oxygen bonds with comparable

98 snowed with

amounts of ionic and covalent character, Sen et al
IR absorption that N - metal bonds in crystalline Cun are largely
covalent whercas the 0 - metal bonds are esaentially ionic, Green-

va.ld49 presented cvidence for the complexes of glycine with alkaline
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earth ions and proposed that the metal-carbexylate bonds have the

fornm HOOCCHQNH3H. This agrecs with the complexes of GuII with

dipolar forms of glycine and alanine put forward by Borsook and
’nximannso. The studies of the complexes of Cun by ZE’(J:S.artai:r.rl51
yvielded evidencc for the formation of dimers which he formulated
as L(nzo),? Cuﬁ?_H and [-(1120)6 Cu?(ozi)aj*'* while Dobbie
and Kermack”® showed that a resction between CuCl, and dipolar
glycylglycine in molar ratioc of 1:2 led to a coordination between
OuII and the peptidc nitrogen resulting in the ionization of two

protons thus:

(."'H2 —C00~

Amino acid ligands mey combine with metal ion in more than one
way in the same complex, This is common to trivalent me tals, Al,
Cr, Ce which bond tightly %o oxygen in preference to nitrogen and
show a strong tendency to form polynuclecar complexes at lower pH

53. This view was shared by Green and Ang54 whose studies

showed that certain GrIII conmplexes of alanine may contain

values

alanine partially in chelate combination and partially in

coordination through carboxylate groups alone ns shown:
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So.rms 2 identified two difforent, well-defined complexes from
a reaection between Cun and glutanate in the ratios of 112 and 2:2,
He was of the view that the fornmer resenbled glyecine complex and
wos obtained when Gun wos chelated through A -amino and carboxyl
groups, The latter conmplex, which was slightly soluble and held
one molecule of water in the erystal very tightly, appear to have
o struoture shown below:

CH— (s —CHL e 5
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Histidine and cystine combinc most strongly with metal ions

to forn coaplnxoaw'ss.

Coubination involving histidine nay be
either throughi-
. the usual five-nembored ring with carboxylate and

A =~ awmino groups;



b, 8ix-penbered ring involving the A -anino and inidagzole

groups ;

¢, & seven-~menbered ring involving the carboxylate and

inidazole groups;

de a structure in which all three donor groups of histidine

are combined with the nmetal ;_cm ag shown below:
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None of these structures may be ruled out under all circumstances.

Structure (c) is probably negligible except perhaps under relatively

acid conditions where the ZA-amino group is not free to react, other-

wise the larger ring should be at a considerable disadvantage.

Structure (b) nay be favoured by thosc metal ions that show a




57

preference for nitrogen atome”’, Spectral evidence by Edsall et 31.58

showed that in Cun ~ dihistidinate conplex, the cupric ion is bended
to two inidazole groups and two & -aminc groups, The studies of
Maley and Hellor59 as well as those of Irving et al.so on Oun -
histidine reactions are in support of structure (b) as the plausible
interpretation of Cun -~ histidine interaction.

Cystcine combines with nany netal ions nore strongly than any
other anino acid., It is readily oxidized by CuII in excess ammoniacal
solution to cy:l"..'i.rm61 according to the equation

4RS”~ + 20u”t = 2RSCu + RSSR.
The remaining sulphur econtaining amino aeid, nethionine, appears
to combine with CuII to an extent of nonocaminocarboxylie acida?z,
and there is little doubt that the ecarboxyl and amino groups are

responaible for chelation with metal icns,
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CHAPTER L

H,O MATERTIALS, METHODS .ND RESULTS

lie1 Preparation of Wocl Sauples

Yankasa wool fibres were taken in thimbles and inserted into a
soxhlet extracteor fitted with a condenser, The fibres were refluxed

with diethyl ether at L0°C for L hrs to remove the normal contaminants
of keratin fibres, The fibres were further purified by refluxing with

absolute cthanol for 6 hrs, They werc thern weshed clean in several
chanyes of distilled water to remove al@@ohol and attain their
isoionie point, The fibres were allowed to dry in laboratory air
current and conditioned in a desiceator over saturated ammonium
nitrate solution at relative humidity (RH) of between 50 - 65% and
22°C for seven days. These fibres so #rested are referred to as
conditioned native Yankssa wool in subsequent tests,

L2 Chenical modification of wool

This was an attempt to produce a net positive charge on Yankasa
wool and thus depress its reactivity with metal ions as discussed 7
carlier on in section 2,2, Two methods were used = esterification
and acetylation,

Le2s1. Bsterification of Wool

"he esterification of protein carboxylic nmﬁupaé3’6h involves
nucleophilic attacK by RO on the carbonyl carben of the carboxylic
acid residue followed by the displacement of -OM by =OR.,

cH - RO~ cH(c —
cH( 2)1'2 COON 4+ RO™ sy (;12)1'2 COOR + OH~
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Current reagents used in blocking the carboxyl groups of proteins
merely yield partial result., The esterification of wool with alcoliols
containing a catalytic amount of hydrochloric acid was originally
thought to be specific for carboxyl 5roupé}65’66 Bvidence so far
adduced show that this reaction causes some modification of amide and

67,68,69.

other groups However, despite = modification of the technie

que by Bello,C alcohol and hydrochloric acid catalyst have remained the
69

most suitable and dependable method of esterifying wool.
Conditioned Yankasa wool difed to constant weight at 105°C was treated
with absolute ethanocl in the ratio 5031 (V/W) in a round bottom

flask fitted with reflux condenser after the method of Fraenkel =

conrat and Oleott,’'  Sufficient 0.7 N. hydrochloric acid was added
and refluxing was allowéd to take place ot 60°C for 6 hours., Esterified
wool was washed thoroughly in several dhanges of distilled water and
dried in laboratory air current. The wool fibres were then recon-
ditioned in a desiccator over saturated aumonium nitrate solution at

RH of 5@ = 65°C and 22°C for seven days,

Le2.2, Acetylation of Vool

The reagents employed in the acetylotion of proteins have a common

mechanistic feature which involves at attreds of a mucleophile (Nuli-)

at an sz or trigona}_carson atom: . :} o
=K+ i
R-dq-sNuH- =R = ¢ - NH - Retl- -
S S = ;-’ st
[ ! j
i L

"—-—

Blackburn and Phillips 273 reported thit acetic acid alone was capable

of acetylating some of the amino groups in wool,
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Flliottand Speakman’® blocked a large anount of amino groupe in wool
with a mixture of acetic anhydride and glacial acetic acid in the
presence of sulphuric acid, Alexander et 2175 obtained 90%
acetylation of wool by adding dimethylaniline to wool sample in acetic
anhydride, glacial acetic acid and cuall amounts of sulphuric acid
under carefull controlled conditions,

Condition@Yankasa wool fibrea dried to constant weight at 1050’.}
were treated with a 1:4 mixture of acetic anhydride and glacial acetlic
acid in a flask fitted with a reflux condenser after the method of
Naedles‘:’)"'?6 The fibres were refluxed a2t 50°C for 20 hours, The
resulting acetylated wool fibres were washed in aqueous sodium acetite
followed by further washing in several changees of distilled water
and dried in air, The dry .-wool fibres were reconditioned in a desi=-
ecator containing saturated ammonium nitrete solution at RH 50 =65 and
22°C for seven days,

4,3 Moisture regain of Yankasa Wool

Moisture regain in wool is the weight of weter which a perfectly
dry sample would have to regain on exposure to the griginal atmospheric
conditions, Measurements invelving hygroscopic materials like wool
are influenced to some extent by changes in the relative humidity of the

atmosphere, Hoare and ’I’nompaon'r?

estsblished an average difference of
about 0,2% or less when the relative humidity changed by 10

Moisture regain (R) for wocl is calcul-ted from the expression,
Re m = M 4100

B
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where mq is the weight of conditioned wool, and m, is thc weisht of
completely dry wool. Duplicnte samples of conditionec, wodified and

metal ion treated Yankasa wool fibres were weighed, and dried in an
oven at 105 for 6 hours. The samnles were then heated %o constant
weight for another 2 hours in the oven, The average re;rin was
calculated in cach case on the basis if above fornulor as si'own in
Table L.3.I11

Lels Absorption of lMetzl icns by Wool

Lelie1 Absorption of Copper ions by Wool

One gram of duplicate scmples of conditioned native ~nd modified
Yankasa wool fibres corrected for was treated witii: 100 cm” of

0.1M agueous solution of cgiper IT chloride (PH 4.18) i 25°C for
2L, hours, After treatment, the solution was decanted and the wool

was washed thoroughly =nd cerefully with changes of disiilled water,

The decanted solution and washings were made up to 25(!!1}:'1’ in' a

volumetric flask and the concentr: tion of unabsorbed ¢ por ion

was determined volumetric~lly using the redox method s ested by

%@]78. The copper ion content of equivalent volume of originel

copper II chloride solution wne nlso determined nnd the veight of

sopper ion absorbed by one gram of wool was found in ¢ ch cnse by

difference as given in 'I‘r:Ible LeliaIV

(a) Copper II ion absorbed n:tive and modified Yanknsa wool fibres
obtained from section Leie 1 were digested with 10 cm? of
concentrated nitric necid and heated strongly to exiel nitrogen

dioxide, The resulting solution in each case was m-de up to
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100 om3 in a volumetric fl:sk ~nd then filtered, The filirate wes

fed into Unicam SP 1900 atomic absorption spectrophotometer and from
the abscorbancs obtained, < .¢ concentration of the saivle wos read
from a standard calitrmtion curve and hence the weight of copper II iom
absorbed by each wool was calculated and given in tablc ',V

Lekie2, Absorption of Chromium ion by Woel

One gram of .duplicote snuples of conditioned notive and modified
Yankasa wool fibres corrvcted for moisture regnin was sonled in 100 em?
of 0.1M aqueous solution of chromium nitrate PH 2,95-3 a2t 25 °C for
2, hours, After absorption, the solution was decanted ~i. the woool
was carefully washed with distilled water, The washings #n? decanted
solution were made up to 250 em? in a volumetric flask ~nd the
concentration of unabsorbed chromium ion was determined volumeirically
using oxidation method invelving ammonium persulphate and silver

nitrate catalyst as proposed by ?039178. The weight of chromium ion
in fresh chromium nitrate of equal volume was also deterained and the

weight of chromium ion absorbed by wecel in each case wec obtained by
difference and given in table L Ll IV
Lelie3 Absorption of Cerous ion by Wool

One gram of duplic~te samples of conditioned ni:tive and modified
Yankasa wool fibres corrected for moisture regain was soaked in 100 613
of 0.01M sclution of cerous sulvhate in sulvhuric acid =t 25 £C for
2y hours, The concentration of unnbsorbed cerous ion as determined

f¥om 250 om® of tho docanted solution and washings using oxidotion
reaction involving ammonium pcrsulphate, O.IN silver niti:te, ferrocus
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ammonium sulphnte and N~phenylanthranilic acid indicator as proposed
by Vogal?s. The concentratioa of corous ion in equivalent volume of
original cerous sulphatc solution was then determined and the weight
of cerous ion absorbed by wool in each case was obtained by difference
as shown in table L. L. IV
LeLol Absorption of Aluminiun iom by Wool

Cne gram of duplicnte sanples of conditioned native and modified
Yankasa wool fibres corrccted for moisture regain wme soaled in 100 em3
of 0,01M aqueous solution of qluminium sulphate at pi Le12 =nd 25 OC
for 2 hourn. The weight of unabsorbzd aluminium ion in the decented
sclution and washings was detcrmined by complexometric titration
involving o.CIM BPTA, 0,01M=Zinc sulphate and Eriochrome Iliack T
indicntor as suggcsted by Vo;-_alTa.. The weight of Aluninium ion in
equiv-lent volur2 of origincl aluminium sulphate solution wrs also
determined and the weight of aluminium ion absorbed by e ch wool was
obtrincd by differcnce re shown in table L.4.IV

1.5  Effect of Metal ion abservption on some mechanicnl properiies

of Wevks,

Native nnd modif. A Ynnknsn wool fibres were sonlied in solutions
of rluminium svlphatc, chromium ni.rnte, copper IT chloride rnd cerous
sulphate respectively for 2l hours 2t room temperature, The wool
samoles were thoroughly washed with distilled water, dried in nir and
reconditioncd at R.H of 50654 and 2223for two days, The fibres were

individually subjected to constont rate of elongntion in an instron
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tester using a guage length of 5 em, magnification ritio of 135 and
a load cell of 500g rnnge with 200g full-scale load ealibxr tiong

The average stress against strain for seven fibres of e~ch group

was poltted and shown in figures L.5.4 = 8, The tensilc test results
are shown in table L4,.5,VI

L6 Competition between metnl ions and hydrogen ions,
Equal weighte (0,1g) of conditioned native Yankasae ool fibres

corrected for regain werc soaked in 50 em® of aluminiun sulphate,
copper II chloride, chromium nitrnte and cerous sulphale solutions
each containing 100,200,300,400,500,1000 ppm of the meinl ions
respectively, The competition between the metal ions nnd hydrogen was
followed with the aid of a PH meter model 290 MK 2 Pye Unicom for 2l hours,
The change in PH is shown in table L.6.VII, VIII and IX
Le7 Infrared gbsorption of Yankass Wocl

This technigue provides n powerful method of deturmining the
structure of solid mrterinls like wool, It is based on the gcssumption
that each distinct tyne of molecule has a characteristic vibrrtion
spectrum from where the structure can be deduced,
2 mg of dry native, modified ~nd metal ion absorbed Yanksn~ wool
fidbre chips were ecch theoroughly ground to powder with 100mg of

potassium bromide (AR) ond compressed into a thin dise, The spectrum of

each wool sample fig, 4,7,9-15 is rocorded agninst KBr standard with the
edd of Péerkin Elrer Modo}-700 Infrarocd spoctrophotoucter, The °

absorption intensitics obtained fron the Spectra are given in 1
tables X and XI,
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Treatment Regaln %
Native Yankase Wool 11,9
BEsterified Yankass Vool 947
Acetylated Yankasa Vool 9.2
Native Yankasn + Copper Chloride 843
Native Yanknsa + Cerous Sulvhote 10,9
Native Yankasa + Chrouium nitr-te 9.2
Netive Yankasa + Aluminium sulphate 9.5

Table LoL,IV, Metal ion =bsorbed by native and Modified Voo

Troctment Comoa(g)  Golawlgted
mnet~l ion/g .
wool x10= metal/g. ‘lool
Native Wool + A13*ion 0.11 0.0l Wwhite
Native wool + Cr3*jon 2427 0.l Light blue
Native wool + Cul*jon 2420 0.35 Green
Native wool + Cel™ion 1.2} 0409 Vhite
Bsterified wool + A13*jon 0,08 0,03 white
Esterified wool + Cr3*icn 1,95 0.38 Light blue
Esterified wool + cu2*ion 1.55 0.24 Light green
Esterified wool + Ce3*ion  0,l1 0,03 White
Acetylated wool + Al3*ion 0,03 0,01 Erown
Acetylated wool + Cro¥j .. 1,40 0,27 Brown
Acetylated wool + 0112+ion 0.90 .14 Brown with
green tinse

Acetylated wool + Ce3+j_gn 0,07 0,005 Brown




- 3 -

Table L,4,V: Copper ion absorbed by wool

Tren~tment Concentration (g) Celenlnted meequi-
motal ion absorbed/g  vacinl/g wool
wool X10™2
Notive Yankasa 4 Cu”’ion 3440 0,54
Esterified Ynnkasn + Cu2+10n 2,00 0431

Acetylated Yankase + Cu2*ion 0,40 0,06
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Teble L46,VIIt Competition between Aluminium snd hydrogen icns,

Time (hrs) ERNERRE 100 200 300 LOOt 500 1000
(pp™)

PH or BATH

0 4e30 LJ17 Lo13 4,08 LJO4 3,91
1 Le3li Le20 La17 La09 L.05 3,93
2 438 L.22 415 U4.09 L.05 3,91
3 Lol L4428 Lo17 Lo13 LlOT 3496
L o8 LoLO Le32 Le2h Le23 4,09
5 Le56  Lah3 Le35 Le28 Le2L L1012

23 j—losj L&-SO hllls J-l--L}O 1h30 ha22
2’4 l&o55 }41”9 1&.1&2 1&.37 h.33 }4.21
25 eS8 L.L5 Lei2 4435 Le33 L.18
blc C t o) twe Crapric and o) .
Concentration ppMe
Time (hrs) 100 200 300 LOO 500 1000
PH OoF BA'TH

0 6,02 5,81 5,60 5,50 5,54 5,20
1 64s03 5,76 5.64 5.52 5,58 5,32
2 5-99 5081 5"63 5"!55 5658 5033
3 578 5461 5,50 5,42 5,46 5,31
L 5.9 5.31 5.25 5,19 5,30 5,15
S 50111-3 5-30 5023 5.25 5032 5-13
27 Ci8 5,23 - - - -




-34-

Table L.6.1) Competition between Chrornium ond hydreogen ions,

Conoc-(:ntg)-.tion 100 200 300 LOO 500 1000
PP

Time (hjrgl PH Qr BATH

e E—

0 La00 3490 3485 3477 3476 3455
1 4e10 3496 3.88 3.82 3.74 3.63
5 Le19 Lae01 3491 3,86 3.83 3.65
3 Le20 Le01 3,92 3.87 3.87 3.69
7 4e23 L.O1 3,93 3.90 3.86 3.71
8 4026 LaO7 3498 3491 3.87 3.69

22 Le22 La02Z 3,95 3487 3.8L 3,86
214 15020 1-'-00 3-37 3.83 3079 3.61&
25 Le21 L.O1 3,90 3.82 3,80 3.61

-

Teble Le7,Xs Infrared absorption of native and modified Yonkasa Wool

&y_ﬁ Yankasa Wool Esterified Yanknsn  Acetylnted  Yankasa Wool
Frequency Absorption  Frequency em™1 /bsop- l-‘requg[‘ncy Abgorption

“oT ption cm

3300 04646 3300 0.372 3250 0,256
2950 0.529 2940 0,310 2950 0,222
1700 0,658 1700 0,367 1700 0,240
1670 0,733 1668 0,398 1668 04256
1578 04602 1575 06328 = -

1560 0.658 1558 0,362 1558 04237
1540 0.686 1540 0,377 1540 04252

1460 04575 1450 06337 1440 0229
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Teble Le7,XI: Infraored absorption of metol ion trested Yankasa Wool

Netive Wool + Al3* Native Wool + Cro¥ Native Yool + Cu* Netiyon ool +
CaJd

Frequency Absorp- Frequency Absorption Frequen- Lbsor= Freqe  Absorpe

o] tion o= oy em~! Dption g:gqy tion
3270 0.699 3250 0.658 3250 0,810 3300 0,620
- - 2960 0.523 2880 0,678 2980 0,569
1708 0,658 1700 0,678 1700 0,731 1700 0.620
1674 04733 1670 0.770 1668 0,783 1670 04646
1560 0.678 1560 0.686 1560 0,752 1560 0,627
1540 0,699 1540 0,710 1540 0,790 1640 04646

1160 0.627 1455 0,620 L85 0,748  1LE0 0,699




The morphological structure of wool fibres as well as the
chemical compesiticn of their proteins have been found to play
significant part in the interaction of wool with metal ions,
Yankasa wocl fibres have large amorphous core., The cuticle of

wool fibres have been shown by Hock and HcMuIdie7

to be composed

of an amorphous protein with comparatively cross linked intermacro-
fibrillary naterials., Crewther and o*:.h(;»r:a5 have also shown that

the cortex which constitutes a grecter part of the fibre contains
nierofibril-natrix in the paracortex that stains heavily with
metals as a result of the heavy crosslinks with disulphide bonds,
It is thercfore likely that the nedulla, the cortex and the

cuticle are centres that stain with netal ions during the treatments

73 and moramao have explained theat the

interaction of (31.:.II and CrIII with wool was due to conplexing of

undertaken, Mercer

the metal ions with tyrosine present in greater cxtent in the
orthocortex. This appears to find support fronm table 4.3, I1I
which showed the lowest noisture regain value for copper ion

treated wool, Sinece the -0H of the tyrosine side chain is utilized
in complexing with Copper ion, there should be lesser tendency for

wool fibres so treated to regnin noisture on BXpOSUTrC,.



- 37 -

The binding of Gun ion fto wocl has also been associated with

the coordination between the metal ion and the carboxyl group of
the wool prc‘bein81. The result obtained from the pH change with
treatoent in tables 4,6. VII-IX showed that the metal ion uptake
depends to some extent on the concentraticn of the netal ion and
the number of availbale reactive sites., This was confirmed by the
fact that deeper colour was observed when equal weights of wool
were treated with increasing concentrations of copper II chloride
solution, Since the complex formed was rclatively stable, it is
possible that linkages involving NH, OH, and phcnolic groups nay
cccur thus reinforcing the already operctive bonds within the fibre,
These vicws find support fron infrared studies of Yankasa wool
treated with copper II ion shown table 4,7.X1,

The IR spectrun of native Yankasa wool in fig. 4.7.9 showed
definite absorption peaks (tablu 4.7.1) at 3300 oo~ ! due to NH, NE,

stretching, with hydrogen bonding; o peak at 2950 cn"1 due to

0-H vibration with hydrogen bundingsz; a peak at 1700 en”

CO link in COOH as proposed by Klots’ and Gruen">, The peak at

1

due to
1670 cr ' which degenerated into rultiplets represent stretching

due to unbonded CO. It is alsc poseible that this low CO frequency
in the peptide link nay be as a result of scne resonance contribution
of forn —0C—NE' in the clectronic structure of the group., The peaks
botween 1560, 1540 on~! ropresent N-H def riation of the amide
component of the amino acids It is also possible for carboxylate

ion to show pecks aroutid this range duc to stretching and asymnetry.
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This has been confirned by Davies and fi‘i.lthor]l.:a.ncl84

1

who assigned on

to carboxylate ion, and Thonpson et .:11.85

absorption peak near 1565 en”
who found that peaks near 1587 on_t cormon to all amino acids are
due to carboxylate ion,

The spectrun of Yankasa wool fibres treated with Gu‘I 1ons

in Tige 4.T.14 showed a very broad and shifted peck at 3250 cn-1.
The peak prescnt at 2950 on-1 in native wool is absent, This
suggests that interaction has taken place betwoon Cu'> ions and the
hydroxyl groups which show peaks nt this frequency. This conclusion
agrees with the lower neoisture regain value for copper chloride
treated wool in table 4.3. III and confirms the high copper 1I ion
content sbsorbed by wool shown in tables 4.4, IV and 4.4. V, The
spectrun indicates strong coordination resulting fron interaction
between CuII ions and the peptide groups on one hand, and the
hydroxyl and carboxyl groups on the other. This view is in line

with the structure below

HC
\L. “w iy
R "4
s . I
- L = I~

/ \

o6 to illustrate CuII ion coordination to

Put forward by Sanger
proteins.

The reacticn between aluniniur and weool nay have involved
enordination between aluniniun ion as aluniniun hydroxide and the
carboxyl groups of glutanic acid, During such rcaction, wnstable

linknges cf type
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H ‘f{
‘\ ~ - T f’_ /
LId =~ CC0R+ AL —on —» W=C
\ \..
\ <
H v
O/ A\..‘-OH

.

proposed by Atkinson and Spenlma.ne'? nay be forned. Since the
linkage is unstable, it tends to agrec with snall content of
aluniniun ion obtained during the absorption experinent shown
in table 4.4,1V, This umstable linkagce also finds support in
the infraored speetrun of aluninium ion treated wocl shown in
fige 4.7.12.

The spectrun show~ a set of poaks (Table 4.7.XI) at 1674,
1560 .cn-1 with oxpanded area Puggeeting weck bonding duc to
wibration fron the carboxylate ion. The nbsence of a peak ot

2950 or”! suggosts a binding sitc involving CH group and
' ;luminiur.: ton. There is ne binding between 313"' ion and NE, NH2
groups since these groups showed defincd pesks at their characte-
ristic frequency 3270 oY,

Chroniun ion forrs coordination linknges with the side-=chain
carboxyl groups of wool proteins which stabilizes and blocks the
hydrophilie groups. This eccntradiets the result of neoisture
regain in table 4.3.1II to sone legree since we expect a nuch

lower value for the regain than even Cun iocn, Alsc the absorption
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value for chroniun ion in table 4,4.IV is highest sc we have to
seck for explanation elsewhere, The infrared spectrun of
chroniun ion treeted wool in fige 4.7¢13 shows perturbed peaks

between 1700-1600 or !

due to CO of the Carboxylate ion, This
perturbation suggests binding sites., Therc is n shifted peak ot
3250 en”' Que to NH, NH, strotching vibration suggesting rinor
binding. The shape of the spectrun conparcd with that of native
wool suggests that the upteke of chromiun ion rcorients the wool
structure resulting in better resclved peaks, It could also be
that B-pattern structure is formed with netal ion uptake.

Infrarcd spectrun of Yankasc wool treated with cercus sulphate
shown in £ig. 4.7.15 gave a broad peak at 3200 en”! and no dofinite

1

peak at 2950 er '« The noisture regain valuc is high and the uptake

of Ce”t ion by wool is low as shown in table 4.4.IV. Thesc suggest

that intcraction occurs botween 003"' ion and the hydromyl and

1

carboxyl groups of wool protein, Since the penk nt 3200 en = is

relatively snaller than ir native woel, it is proposed that this
interaction nay have resulted in sore forn of contraction.
Structurc (e) ¢ section 3¢4 of page 21 appears to apply appropriately

herc,

In csterified wool, the IR pesk (fig. 4.7.10) at 3300 cn'1 due to

NE, NH, is reduccd in arce whilc the poak at 2950 on” is smaller them

in native wool and shifted to 2940 cn-1. It is likely that there is

a partial blocking of the aninc nnd hydroxyl groups during the

nodificationm’ 68,69 .
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This view agrecs with reduced uptoke of netal ions by nodified
wool shown in table 4.4.IV, The peakletsaoround 1700 - 1600 cn"‘ are

due to CO bonded and unbonded vibrations resulting from the carboxy-

late ion and peptide linkeges proposed by Thoupson ct a.laa. The

peck at 1688 on

is ghiftcd and is due to carboxylate ion., 1%
appears fron the shape of the spectrw: and the appearancc of poeaks
due to carboxylate ion that the esterification carried out on sauple

was ninirun, The nultiple peaks between 1575 = 1540 cn"1

are due to
NH defornation,
In the acotylated wool, thc IR peck (Fige 4e7.11) occuring

batween 3575 = 3250 e

is flat and broad and is due to effective
blocking of the anidc and snino groups. The shape of the spectrun
is considerably rcduccd as the degreoe of scetylation is high. The

peak at 2950 cn'1

is alnocst abscnt showving that the -0H group rust
have been nodified. This agrees with the findings of 100:164 who
proposced that prolonged acetylation blocks the N-terminal groups
of E-onine groups as well as the hydroxyl groups of scrinc, threonine
and tyrosine.

PFinally, the absorption data in Table 4.4.IV shows that the
uptake of netal ion decerenses considerably from native to nodified
Yankasa wool. This view is in line with the obscrvations of Holt

67 and Crevthurag

et al. who proposcd that nodification leaves a net
positiwe charge on wocl fibres, This is renscncble since a net
positive charge on fibre is likely to repel netal ions resulting in

lowor netal ion content in modificd fibres obw 44,1V,

D L



Mechanieal Propertics

It was cxpceted that the temsile strongth of Yankasa wocl fibres
will be improved by treatnent with netal ions having the ability for
coordination with rcactive sites in wool., The tensile strength result
shown in table 4.5.VI indientes thnt therc is an inerease in atrength

fron native to nodificed wool. This increacsc is nointeined in the wool

treated with CuII end CeIII ions but fell slightly in ecstorified wool
treated with Grln and aectylated wool treated with HHI ions, The

low tensilo strength in P’ tronted cstorificd wool may have resulted

because the carboxyl group is fairly o spccific binding site for GrIn.

while the anino =znd hydroxyl groups nny posses higherafinity for AJ.}*
ion.

The brealdng cxtension rosults show thot the absorbed netal ions
arce acting cs pleasticise? in wool. This appecars to be confirned by
the gencral inercasc in breaking cxtension fron native wool to netel
ion treated wocl. This increase is also true for thoughness, The

nodulus deervascd with netal treatnent cxcept in the case CrIII

absorbed wool. 4t appears thercfore, that bonding invelving CrIII

and wool pruoteins is stronger thmn is anticipated., Table 4.4. 4 also
shows that » 7i{ entlon to sonec extent inproves brecking extension

of wool, This cppoars to confliet with rcduced nmetal ion and dye upe
take by nodificd weol which is nlso ziven in the sane table.
Dispiacor-nt of Protcis _frono wool

The pH chang: curing the treatnent of wool with netion ion Table 4464VIIe
IX izdicates {aa% protons were displaced fron wool when the netal ions
werc absorbed. hin trond was observed in all cases of the concentration

rangos (100, 200, 220, 400, 500, 1000 ppn) of notsl ions considered.
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In tho oasc of ATV end Or°' ions the motnl iom ovewtnkes the hydwogem
ions as the contact tinme inercase fron zcro to 24 hcurs, Howover, in
tho caso of Cul> ioms, hydrogen ioms overtdke the notal icm in the
eoncentration ranges considered, This explains the little or no
obsorption of CuII ions fron low netel ion solutions and short
contect tine,
Lonclusion

Metal ion internction with nntive Yankasa wool generally involves
a coordinntion roaction between the netal ion and the gative groups
(carboxyly, anino, hydroxyl groups). During such reaction$; the cctive
groups act ns lignnds which donnte electron pairs to the netal ions
to forr coordinnte bonds., This property renders wool suitsble for
renoving toxic and costly netal ions fron aguccus scolution, Chendeal
nodification alters the charge bualance within the fibre and will
perhaps producce corresponding changes in ion affinities of the
rencining charged functional groupe This invariably results in low
netal ion uptake. The uptake of retal ions strengthens the crosse—
linkages in the wool, thus giving & higher tensile strongth and

higher extemsion required for engincering applications,
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