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SUNKARY

in the fires section the source, histery and formation of abattl
gum and its physico-chomical properties and molocular siructuro were
cutlined. A general ocutline of the physical chemiatiry of poly~-
ielectrolytes was given togother with an account of such polyelentro—
tlytec us gum acacia, gum tragacanth, carrzageenin and sodium carbo-
sxymethylcelluleose, which arxe important in pharmacy. The theory
of light scetiering was alse veviewed,

In the experimental secticns of the theslis wozk wes Icporicd
on an anthonticated sample of ghatti gum fxom Ancgeiesus latifoliaz
(Cembretocens) which was frecticnated by socidic alecholic yrecipitas
stion (Fracticn 1) and chromatography on silica gel (Fractions 2 snd
3). The eguivalent welghts of the throe fractions were found to
be 21750, 1800 and 2040 respectively.

The sodivm salts of the thyee frastions were studied in ecuecus
solutions and in various concentrations of sodium chloride. The
molecular weights of the fractions were determined from the Zimm
plots cometincied frem the light-geaitering resulis. From the
light=geattering ezpeviments an idea of the radii of gyration and
molecular weight were obtained. The molecules of sodium ghatiate
appear e be zod-chapsd in both aguecus seolutions end in soluticns
of sedium chiopide. The molecular weighte of Fractioms 1, 2
and, 3 woze found %o be 2.1, 2.7 axd 2.6 x 106 respectively.

The viscomlty of The nedivm palls of the fracsticoms in agueons

solutions and in solutionn of sedivm ohloride were determined using



& suapended level dilution vicoometer and a Couctie visoomekier.

All the solutions appoarved to exhibii Fewtondian flow over the range
of shear zTates investigated. The effect of added salt im the
solutions was Lo decrease the viscooity.

From the light-scatiering and viscosily oxporiments ko expans
ssion factors of the moleoulen ware calculatod. Values for <his
ocalculated from each of these experimeatal results ahwed; regsonnble
agrecment with cach other. The molecules were cousldexsbly affects
sed by the concentration of sediuvm chloride;  im eoluticns of high
salt concentration congiderably cenbtracotion of the moleculen was
obaerved.

Beasons for the difference in the observed and caloulated
values of the cesond virvial ccefficlents for the varicus nymtems
wexe discussed.

The sbsorption and desorption of water-vapour by the fractions
was investigated st 25° and 40°C.  Prom tho isothexme ohisined
Trom thees exporimsute values of the emoumt of water presont in the
mesronolecuies in the firat avd second layers and at saturaticn wexe
caleulated, The values of the partial enthalpies and emtropiea of
adsorpltion wexe calculated and possible mechsnisms for the sorption
of wator vagour were suggesied.

The scdivm zelie of all the fraotions were found to be fairly
curface-active. The effect of the addition of sodium chloride
and the efloct of time on the surface tension of the solutions was

determined ueing the seusile drop method. Thin was found to have



i
cexrtaln adventages over the Wilkelmy plate method for {he
deternination of eurface tension. A possidle mechanicm
Zor the suxface activity awd a possible stiucture for the

surface film were suggested.



cavic;

ACKNOWLEDCEMENTS

I would like to record my appraciation %o Dr. P.Ho.Elworthy

for his guidance and help during the course of this work and to

Professor J.B.Stenlake for his intersst.

I would also ¥4 thank Dr. F.Figh for the authen@ifioatiou
of the ghatti gum , Mr. A.G.Kenyon , the Tropical Products
Inagtitute ; snd Professor P.V.Bole ; St. Zavier’s College ,
Calcutta foxr arranging the supply of a genuine sample of ghatti
gunm ; and Mr. Go.Cochrane for building the apparatus.

I would also like to thank Evans Medical Ltd. for the gift
of ghatti gum and for the award of an Evans Medical Fellowship

and Dr. Glaser and Dr. Thomas for their interest and encouragement.



=yii=

CONTENTS
SUMMARY
ACTNOVLTUDGENTETS
CONTENTS

SECTION ls INTRODUCTION
PROPERTIES OF GHATTI GUM
Introduction
Source
History
Formation of GCums
Molecular Structure
Physical Chemistry
Uses
OUTLINE OF POLYELECTROLYTE BEHAVIOUR
General
Acacia
Tragacanth
Carrageenin
Sodium Carboxymethylcellulose
Pharmaceutical Applications
THEORY OF LIGHT SCATTERING
Introduction
Light Scattering of Small Particles
Depolarization
Molecular Weight Averages
Radius of Gyration
Light Scattering of Large Particles

114,
vi,
vii.

2.
4o
8.
10.
16.

19.

21,
42.
48.
52.
56
62.

64.
70.
1T
78.
80.
81.

SECTION 2 : LIGHT SCATTERING AWD VISCOSITY STUDIES ON GHATTI GUM

FRACTIONS
FRACTIONATION
MATERIALS
LIGHT SCATTERING APPARATUS AND CELL

89.
93¢
94.



SECTION3 3

o 'fiii' o

CLARIFICATION OF LIGHT SCATTERING SOLUTIONS
DEPOLARILATION

REFRACTIVE INDEX INCRTMENTS

DESCRIPTION OF COUETTE VISCOMETYR

LIGHT SCATTERING RESULTS AND DISCUSSION
VISCOSITY RESULTS AND DISCUSSION
EXPANSION OF THE MOLECULE

SECOND VIRIAL COEFFICIENT

WATER VAPOUR SORPTION

INTRODUCTION

DESCRIPTION OF THE APPARATUS

RESULTS AND DISCUSSION

SECTION 4 : SURFACE TENSION

REFERENCES
PLATES
FIGURES

INTRODUCTION

THEORY OF SURFACE TENSION
DESCRIPTION OF THE APPARATUS
RESULTS AND DISCUSSION

99.
101,
102,
105.
109.
116,
121.
126,

130,
32,
134.

140.
142.
146,
148.
151.
160.
163



SECTION 1

INTRODUCTION



FROPERTIES OF GHATTI GURM

Introtuction

Eony plants produce gums either on injury or as an
integral part of their matural bhiochemicel mechemisms.

The gencral propsrticu of these gums have been known for
meny osnturiss and they have becn employed in a wide
diversity of processes.

There are still a mumber of naturally qccumM
plant gums which axe of congsiderable imporxtance in pharzaay
and in industry in genoral. Most of theas widely umed
guus have been fully investigated and their structure and
physico-chemical propertics have been elucidated.

The important plant gume ar® polysaccharides and nany
are polyelecérolytes. Baocause of those basic eimilavitien
many of the physical properties of thess gums are aimilar.
It is now poceible to ayantheaiso poiyeleci;rolytic poly-
szaccharides, for oxsumple sodiuz carboxymethyl cellulose,
to roplace these naturszl products. This bae the
advantegs that the nature of the molecules of these
gynthetic cubstances can be largely predetermined.

However, there are a mumber of gums, like ghdttl gum,
whick have a more limited use in pharmacy and in induatzield

applicatione emd which have not been studied with the same
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imtenslsy as the more coamon gums like gum acacia and
gum tragaeanthe

The main provertios which meks theze substances usoful
are the facts that they ave largely wator-soluble anmd that
thoir agueous solutions have a high viscoﬁit . Many of
them also have good emmlelfying propertics.

. Mo explain and understand these properties i% is
essential to understand the maturs of the molecules of the
substances and the properties of their soluticns. - Hemos
studics on 16 molecular groperties of ghetti gum have been
undertakon and are xeported in this thesis.

Souyce

LT AR

thetti gum is ths trenslucent, water-soluble, emded
g from Ancgoicsus latifolia (Combretaceas). This large
dociduonn tree is indigenocus to India amd Coylom. 1t is
conmon in tho dry decidnovus forests there excepting Eanst
Bengal snd Assam. It is found in the sub-Himslayen tract
from the Ravi to Fepsl, Bihar, Chota Hagpur, lHadhya Bhaxat
and southwavde ¢o Ceylon. It grows u;:to & holght of
3,000 %0 4,000 Zeet abowve mes level in the Himalsyes and the

Sowth Indisn Hills. *




The leaves, which turn bright ved durivg the dry
season, yield a black dyo aad ave widely weed in the
leather tanning industzy. A taaning extract containing
48.3% teamin hes alsc been prepaved from the bark by
Hooper |

The timber is tough and strong and, though it splite
'os_:aeaaomnéandunm stend damp, 48 used in azs-
thandles, ﬁmiture asking end has been recowmended for
rallway sleepoms.

The gum varies from light-bxown to dazi-brown and
conzgigts of round or vermifomn pieces of varying size.
It hes o glassy f¥ecture and ie trensparent.  Tho
smrface of the gum nedulss, howwver, may bo roughened
and Opaguo.

The gun is produced se a sealing mechanizm when the
bark is injured and the yiecld may be ianorezsed by artie
sfioial incisions. Howover, this process must bhe
carefully carzied cut tc prevent permanent injury to the
TTe0.

The gum is hand-picksd by natives and thoen dried
in the sun for two or three days before being taken to
Sonbay for sorting and export.

After clusoificatlion the gun is kand-sorted into
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grades, The grading io done by moans of colour and
appearanco. The lighter gun nodules are the best grade.
The gum is picked duming the dry sesscn as the rain
éuring the woi season would cpoil the umpicked gum.
Eomally the largest cxop of gum is picked in Apmwil.

History
During the latter half of the ninetecnth century thoxe

was a ssveres shortage of gum arabic due to the fact that

tho exports of this gum fram tho Sudan were virtually ctopped
a8 a rosult of hoastilities botween France, Britain and Egypt.
The trade routss from the Sudan did not zeopon uatil the
Sadan came under Evitich Comtrol in 1898,

This shortege of gum arabic, a very imporiant pharmes
scoutical substance at this tims, lead %o tha investigation
of various gume to £ind 2 auﬂstitute for gum .arabio in
phaxmacsutical propaxationo. A great numbor of Indian
gums wers congidexsd for this purpose auch asi Oomrawhattl,
MNasgy fnrad, Eaxst Indian Amrad, Pale Anrad, Ghattl and
pome Aunstralisn guns such as watile gum and Keurd gum4 ) m.

It appoars that at thie time there was soze conslderable
confusion and uncortainty in the nomenclature of tho Indien

gunn and obviocusly some difficulty in ohtaining suthenticated
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sumples of gums dvg, prezsumabdbly, 4o the haphazard msthods
of oollection end distzibution.

mrdwnodm steted that ghattl was the gum from
Foronia elephantum, Megnifere indica, Asadirachta indlca,
Pexminalia bellexicae und Acacia arzbica.

Rideal and Youlos mentioned a number.of gums %o
woich they referred o3 "ghattis".

Fatt stated thet the gum from Ancgeiessus latifolis
comstituted tho bulk of the gum ghatti sold in Bembay®
and that gun ghatti was oo pamod bhecause it wao brought
by tradn dewn the Ghatiz of Boxbey. Gum ghattli rofexned
%0 o wide Tango of gv.me.

Preble” in 1888 gave the soures of ghetti gum ac
bogeissus latifolis while Ridsal and 'i’cmlea dencribed
the physical appoarvance of ghattis without giving any
botanicnl Souroe. In fact the physical propsriics of
the gun dogsozribed Ly them bear vexry 1lititle or mo rossemblance
to the propertics of the propey ghatil gum. The anthoms
dsncrlhsd the gum of Ampgeissus latifolia as boing of very
i:lttla usdo Thio statsment doos mot agree with the
Mndings of other suthors.

Eldesl and WVallker weintained thet ghattl gum could

veory woll be used Iinstead of gum awablo. They stated that
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golutions of gum ghatti wore more viscous than
ocamparative gum arsblo solutions and that it produced
good white emulsions with oxcellent keoping properties.

H&xﬂcrs stated that "if more care warc taken in the
gathering and sslection (of ghatti gum) there ssems ittlo
doudt that picked qualitics would speedily rise to ooneids
sorablo commercial wvalue and phammaceutical interest®.

He almo stated that tho smmuleions made f2om a mucilage of
sghattl gum woere equal to thoess made with acacia.

Theo main disadventage of ghattl gum was the fact that
although described as a "water-soluble gum"” it was sctually
aly pevilally solublo in water.  Homry~> end Rideal snd
6,8

Yeulo stated that the gum was only 75% soluble in water.
The insoluble 25% was refsxrred to ae “metarebin” and meothods
vore twisd to convert this {o the soluble "s.x-nbin“ by bodls
¢ing in water for long pexicds. Rideal and Youle attemptsd
to convert ghatti gum by fmctiqnal precipitation with
alcobol into & gun which could be identified as ordinary

gun arabic. Thia hign porcontage of insoluble msttex

alao indicates that the picking and soyrting of gums at this
time wore not particulerly efficient, and that a considor:
sable amount of othor gums were present in the semples of

ghatti gum avelileble.
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Chattl gun was firel officially recogniced in the
“Indieun and Colonial Addendum" 1900 to the 1838 British
Fhareacopoeia for use in Eastarn end Colomial oountrleau.
This gonograph was tranzlerred to the Britich Pharxmacopcein
1924"% but was mot included in the 1932 edition. It was
known in the British Fharmsooposia 1914 snd in Squirds
Compend mxs
was dofined as "the exndation from the stem of Anogovissus

as Indiean gum with a synonym of ghetti gum end

1atifolia”.

Indian gum wae alcowead o desoribe Bassora of gum
gtexoulia. Basaora was & collective temm for a group of
highly coloured gums collented in the neighbourhood of
Baszora on the Gulf of Persia. The two main scources of
Baszora gun wero Cochloapormus gossypium (Bixaceaze) and
Stexrculia urens (Sterculiscess).

Tae temm "Indlan gua™ was also applied to the cxudate
fzom fcucla arabics. It is poseible that ghatti gun was
algo confused botk in picking and soxting with gun ehiran
to which it bears sowe reousebhlance. Bventually bowover
tho terxm ghattl came to moan specifically the gum preduced
by Anogeissus latif‘olian’n .

Pomeibly this variety of meanings for the texm ghatti
gud the uncersainty of the name of the gum from Anogeisscues
latifolia were not only due to erratic picking srvd uncortain
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sorting tut also duc to the origins of the name.

Clusiue in 1605° mpesks of "Cummi Guttd" boing brought
from China ¢o Buropo and so it is possidble that this wus
dorivod from eome Chinsse ox Halayan dialect.

Howaver, the mors xeomecnahle explanation is that the
word ghattl wes devived from the Indian woxd "ghfiti™ which
mesnt & strait or a pese through the mountains. 'I‘horefore,_
in India, drugs of local origin were ocalled ghati to dims
stingmich them from drugs imported from a distanco. Since
a great variety of gums wore collected im India it is quite
conceivable thai a comsiderable amount of confuslion remlted
from this basis of drxug nomenclature.

Eventually after British Control of the Sudan in 1898
tho export of gum acaclis restarted and there was no nced
%o search for substitutes. Though ghattl gum bad beon
uged quite considexably inm phawnacy its uee was then diss

scontimmod.

Formation of Cums

Hony plents produce or contain some form of gum or
macilage and these plant products have bsen used in their
country of oxigin for many and various purposes. Their
use sproad from one area to another and many of them
achieved cunsiderable econcmic importanos. Such gumn
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and muedlages bave been used for food, in msdicine, in
exbaluming and in many other arts and cxrafis.

The use of these plant gums hae developed and diversified
and at the prosont time many gums are used in the pherwscoutiocal
industry, in mining, in textiles, ir paint mamfacture, ian coms
sfoctionery, in the Pood industry, in cosmetics and in many
other industries. It has been estinmated that more than a
billion pounds of gum axe used for these various purposes in
the United States of Amexrica ovory ;'mm.

The mechaniem whorsby planie produce gume is asyt not
coxtain though various theories have baen put forward {to
account fox it.

Thero ie the pozaibility that theso gums are formed by
the natural metabolic activities of the plants and that injuvy
to the plant merely cauzoen ther to appear on the suxface.

It may o that plants only produce gums as a Tesult of a
pathological conditicn and thers ie some evidence for thie.
Acocia trees which wore grown under faveureble climatic and
eoological cenditions did not preduce very much gum dut
Acacia trees gromn umder sxdvous and unfevourable conditions

produnced coplons amounte of gumlg. Wmlliuzo

stated that
ams are adbrommal poducts resulting from pathologicel cone
sditions brought about by injury or unfavoureble comditions
of growth, and that guns wore forwed by the conversion of

the ¢s8ll walls by an enzymo.
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Thayeon and Bumkey — stated that gums wore produced

by the plents as a protootion against inveding organimzz.

Another suggostion in that gums wore produced by the
injured trees to act as acalants to prevent water-loze.

1% would seem, howover, that no matter what the wmochapien
for the instigation of gum preduction, the actual production
of ¢tke gum is due to ensymatic polymerisation rather than
ochemical polymerization. If the gum were produced by
ensymatic msans then it is reasomable %o assume that the
ensymes rosponsible for the production would be found in the
toars of gum produced and that these ensymes would, under
suitable conditions, be capable of Teconverting the gam
into its constituent matorials.

It has, in fact, besn shomn by ssveral woxkers that
gums undor suitable conditions will dbe dbroken down by the

onzymes presont in them to their original componentis.

Moleoculaxr Strue ture

Ghatti gum was found to be the calcium salt of am
avldic polysasccheride which was oglled ghattic aoid23’24.
The soluble portion of the gum had a moleculer weight of
11,860 vhen coloulated from osmotic pressure msasurements.

The ghattic acid which was prepared by alccholic

rrecipitation of an acidified alcoholic solution of the
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crudy gum had sn equivalont weight of between 1340 end 1735.

From completo hydrolysie of the gum it was shown that it
contained 419 lL-aredinose, 27% D-galectoss, 12% D-glucuronic
acid, 8% D-mammose, D-xyloss and 6 deoa;yhozoeezs 5 Ghatti
Sum resombled damson and chexry guwe in the composition of
their component sngu'aes’ 27, 28. (Fig. 1).

Partinl hydxolysis of ths gum with dilute sulpluric acid
gave tvo aldobiuronic ascida which were shown to be
6,0 ( £D-glucopyrenceyluronic acid) D-galactose and
2,0 ( {>- D -glucopyrancsyluvenic acid) D-manncse.

The former aldoblurcnic acid’s anzlogue 4)0-

(9 glucopyranceyluronic acid) D-galactose has been izoclated
from Type II1 pnsumocoocus polyaaooharidozg whilo the latter
bes dbeon isolated {rom some Acacls gumn.

With periodic oxidation of ghatti gum threc moles of
formic acid were formed for each eguivalent of the gum, and
it was found that 33% of the galactoese and 80% of the arabinose
residue wore oxidised. Yoriodic exidation breasks tho bond
betwson two adjacent carbon stoms 1f sach has a hydroxyl group.
Tho xesulte of the psricdic ozidation of ghatti gum could dbe
explained A1f it were sssumed that the lebile I-arsbinose
vesidue wore present in the furancss form with an ofL type
of linkage, avnd if most of the D-galactose units were Joined
through Cy and 03 and the remainder by 1,6 = linkage.
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If the gumn were methylated and then subjooied to hydro:
:lysia then as wall as the constituvents liested above, meall
anounts of 2,3,4 tri-O-methylxylose, 2,3,4 tri-O-methyle
srhamnose and 2,3,5 txi=-O-mothylarabinose wesre obtained.

From thig hydrelyzate the acid components wore removed
largely as & mixture of methylated aldobiurocnic acids with
an cquivalent weight of 370.  This gave, on further hydros
tlysis, a mixture of 2,3,4 tri-~O-methyl-D-glucuronic acid,
2,3 di-O-methyl-D-glucuronic z0id, 3,4,6 tri-O-methyl-D-mannose,
2,3,4 tri-O-methyl-D-glectose and 2,3 di-C-methyl-D-galasctose.

It would appear fvon thie that some of the giwcurwnio
residues in the dograded gum wore present in non-terminal
pocitions andlinkedthrmgh(?l aml04. Since the main
noutral products on hydrolysis of the methylated aldobiurcnic
acid were 2,3,4 tri-O-methyl-D-galactoss and 3,4,6 tri-0-
smethyl~-D-mannose the aldobiurcnic aeld groups were present
in the degraded gum as terwinal groups.

The point of attechmont of the sldobiuronic woid side
chaing to the main galactose framework could be deduced from
the products of hydrolysis of methylaled degraded gwa. On
hydzolysie the metbylated gum gave 2,3 di-O-methyl-D-galactose
walch indicated that the main Lframework of D-galactose unite
contained 1,6~ linkages. From this it sppeared that the
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aldobiuronic acid chalins woxe altiached o 04 of the
I=grlactogs franowori.

The gelactess residuen which gave riss, o methylatica
and hydvolyesis, to the 2,3,4,6 totra~O-mathyl-D-galactose
were sttached to those units of glucuronic acid which gave
2,3 di-0-mothyl~-D-glucuronic acid.

The galactose residue muy have boen the temminal units
of a side chain =5 they were found to be in the case of gum
scacia® or they may have formed the non-reducing ends of
the D-galactoss framework, and were gernerated by cleavage
of the main chain during sutchydrolysie.

Host of the mide-chaing were attached to the 04 of the
D-galectose framewozic. Thiec was shown by the presence of
2,3 di~-O-mothyl-D-galastoss. Howaver, this was accompanied
by some 2,4 di~-C-methyl-D-grlactose whioch indicated that some

of the side chains were attachsd to 03 in the main {remework.

Hydrelysie of the methylated undegraded gum gave
2,3,4,6 totra-O-methyl-D-gulactose, 2,3,4 tri-O-methyl-D-
sgalactose, 2,0-mathy1—-n_-galact~oss, 2;% Ai=O-methyl-D-galactous,
4,0-mothyl~D-panunose, 2,3,4 tri-C-mothyi-D-glucurcnic acid,
2,3 di-O-pothyl-D-glucuronic a0id, 2,3,4 tri-O-methyl lerhemncee,
23,5 tri-O-methyl-I~avabinoee, 2,3 di~O-methyl L-arabinose,
2,4 di=C-mathyli-L-arabinope, 2,5 di-O-methyl- L-srabinosc and
2,3 W~C-mothyl-L-arabinosc.
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The presence of tho two glusuromic acid rosiduss
indivated that some of thoe giuncurcnic acid was precont
ao toxminsl unitec owd otheras as non-teorminsl Wnite
Joined through C 4°

The D-galuctose residues of the 6,0 { P-D-glucopyranosyl-
suzonic acid) D-galactose gave the 2,4 di-O-methyl D-gulactoes
and the Dsmammose from the 2,0 (P-D—gluoopyrmaylumio asld )
D-mennowe guove the 4,0-methyl D-msmnose.  From this it
sypomd‘ that arabinoss aide chains are attached to the
aldobiuronic scid groups through C3 of D-galactose and through

C, and 06—01‘ Dezanness. Side chains of L-arsbinose,

3
D-galactoss, D-zylose and IL-vhaxnose may be sttached through
(‘:4 of some of the D-gluourcnic zcid units as in the case of
tho degredcd gum.

Boecouae the D-galoctose urits which gave rise to
293 di-O-mathyl D-galectoss cn wethylation of the degradsd gum,
gave rise Yo 2 mone=0-mothyl-D-galactoss on hydrolywis of the
wothylated undegradsd gum, it was assumed that o side-chain,

probably of arabinose, et have been joined to the C, of the

3
D-galactoso unite which wore joinod by the 1,6~ linkags and
to which the side chain gldcbiuronic acids were attached.

(a hydrolyeis of the methyleted undegraded gum the
I~arabincss guve rise %o 2,3,5 tri-O-methyl-L-srobinose sprd

amallor amcunta of the 2,33 2,43 2,53 and 3,5 di-O-methyl
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othors, Only the 2,3 di-O-mathyl-l-~erabinose sroze rua
I-grabinoss which wus gttacked by periodic acid oxidatiom.
Thic was sgroed with the fact that only 20% of the L-erabinose
rssiduos wore succeptible to poriocdate oxidatiom .

Tt mey be that $he 2,4 di-O-methyl L-avabinose was formed
from the arsbopyrancse unite interspesrsed in the main
D-galootoze framowork es cuggeszted by studies on acamcia.

Chatti gum resembled cherry, damson, acacia and mesguito
gung sincs it comtsined a high proporticn of terainsl lL-~arebo-
sfuranose units but differsd from thew in possocssing a 1,0-
linked galactoss frarowork.

Prom thome results it would appear thet ghatti
sum io ccaponed of a fremevork of D-galactoss units joined
Yy 1,3= gnd 1,6- linkages. This Lremowork is intoraperasd
occasionally with archopyraucse units. The aldobiuronie
acid sido chains ars mainly Joinad to the 04 of the gulactose
unite in the main fromowork and occcavionally to 63. Arabinoss
oide chains are also attached to tho aldobiuronic acid groups
through 03 of D-galactons oxr 04 andd 06 of the D-marmose.

Azeghinoesa side chaina are alse attached to the 63 en the
1,6- linked D-galactoéss to which the aldcdiurmmic acid groups
are stiacked. Scmo uronic aoid groups torminate cthor
aide chaing ox form the nwm@cm ende of thoe D-gelactose
Lrapeworit.
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Iuxing the poricd whsn gum avadbic wasn ditficult <o obtain
ghatti g wac widely used as a aubsiitute in phammgesntiocal
:;.m;;:v.mﬁiczm. Beocanwe of tho fant that zolutions of ghattld
& w3To twice as viscous as comparative solutions of gum
azabic, cng part of gaatti was ussd in place of two parite of
gum axebic. Ite uge for this purpone has basn officially
rocognised,

Though some work hal been done on ghaitdi m‘?-ﬁ pT=10,15
i the late ninotesnth coumtuxy, it wes mainly on the appearanco
end moans of identification of the gum, and como an the
viecosity of aguoous solutions. Hany of the mesults obtainsd
at this tine are rather dubicus due %o the uncertain nwsns
solatuxe and methods of merting.

Tho chemdetxy of ghatti gum wae studied hy B.H. Shaw Jw,
and othern =0 2 31=33 L) 2ound that the gum was camly 90F
noluble in water. They wore unable to mske the unsoluble
portion soludle sither by Folin's suspeneion method oz by
boiling it in water.

The zoluble poxtion of ghatti gum comsisted almost
entirely of colloidel maztexial. This solution of ghaitti
& was dialysed against distilled wator foxr ten daye. From

tha dialysed soluticn the collodd was ssparated by cvaporation
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¢0 low volume in ¢ water-bath and final dehydreiion by
boilirg with carbon totrachlozide im a continuous oyole
dashydzrater.

The pH of this sgueous soluticn was 5.5 and the sample
contained no phosphorus when tested by the Youngburg pxos
toedure for total phosphorus. T he total nitrogen in tho
sample was found by the Eoch-Mckselin li::i.cl:o«wl:ttho&36 <o be
0,72%.  Tho total ach was 1.9% and the sulphated ach was
3.2%.

The moleouler weight of the sample was determined by
#ressing point depressica to be 2,678 and by osmotic pressure
%o bo 11,920, This diccrepancy dbotween these raosulta may
bavo been dus to the loss of low molsoular weight comstituents
thzovgh the ocmmemster wmesbrano.

A socend golution of ghattil gum was dialysed against
¥ sviphuric acid and agein dehydrated as for the provious
gemple. In agueous gsolution this sample had a pE of 2.9.
The equivalent weight of theo material wus foumd to lie im the
rvange 1340 = 1735.

Thoy found thet the =amplo contained 12% gealactosv and
the erude gur comtained 267 powtossns. This value for tho
contont of galactose doen not agrse with the value of 279
that was obtained by Acpinall, Hirs: and Wickstzgh 2.

The optical roiation of solutions of the sample changed
from ~42° 40 +98° during bydwolysis with mulphuric ecid.



=18=

Corhart and Shaw also studied the coagulation of
solutions of Pruseiau Blue and ghatti gum>r 53,  They
found that the pH of the solution affected the rate and
extont of ccagulation markedly. In acid soluticno,
PH 2.7 = 5.5 the gum acted &8 g neutral colleid but, as
the pH wan raised it was converted to the scdium a@it whigh
soted as a negative colloid. Above a DE of 4.2 the Pruseian
Blue ghatti gur systens nere vory stable to coagulating agonte.

It hao been found>! that ghatti gum ie not & howogensous
material. A solution of ghattl gum was rewvoaled $o be
betorogenous by electrophorsuis. Tha electrophoresis uas
caxricd ocut in borate buffer at pH 9.0 ~ 10.0 on glase~-Libre
PADOT. This type of paper was fourd 4o be preferable %o
ovdinexy csllulese poper beoauss ne complexos weore Loxmsd by
tho polysncoharide as they wore with celluloss paper.

Knlahmsths.as heo studied various gums and their scids
by differential thermal analysis techriques which congist of
heating the material ir o furnace and comparing tho temporature
of the material with that of an inert roferencoe material.

It was foumd that ghattic acid had endothermic pealts at
130, 235 and 325°C and en exothormic psals at 300°, Theao
roaks wore due to yemoval of ~CH groups and elimination of
HZO and 002. It wns proposed that the anslysiz graphs so
formad by this process coculd be used as & msans of $dontdfie
scation and charactorizetion.
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Uses

Ghattl gum has besn uzed as cn additive Yo drilling
£luids to veduce the water lose ? 7C, Chatti gum was
ugeful in proventing the drilling mud ovagulating when it
camo into contact with salt watex. With unprotected muds
there was a danger of the mud coagulating and so cauaing
the dxill) to olick.

Chatti gum has many siws Igy uses to gum acacie and it
may be used to xoplaco acacia in certain countriecs.

" It hes slso boen used in the memufecturs of covtain
expléaivea eupecially those to he used in dawp surroundings.
The explosive mixturw is admixed with & proporticn of
poxsiored ghattl gum. If any wmeicture does penetrate the
outer wrappings then the gm swolls end prevents any further
water en‘beringm.

I% is uced as 8 binder in ooating componitions.
Hixturens of ghattl gum and & flexibilising agent csn de
uged as adhesives, oil-tesistant protective filma,
impregnanta fox woven fabrics,pmints for concretes and
varnichse for avtificisi lvathor .

in India zud in this comntry it is used in the textile
industry ae a thickenor in cloth printing procesees, a
sising agent for yarns gnd an adhesive to bind clotk to
the printing tsbles.
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I¢ Aas alec beon used in cersmice es a binder o
cnhence the wet strongth of the olay prier to the firing

PEOCEET.
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OUTLIER OF FOLVELDCTEOLYTE BEIAVIOUR

Genozal
a polyelectrolytea iz o high moloouiar weight substance

which is also an elestrolyte. The range of substances
vhich can bo clansed as polyelectrolytes is very large and
spreads from oyntbstic maoterials to naturally occurring
proteins and polysaccharides.

Just ags there can bo week and etrong electrolytes so
the polyelectyolytos can be olaassified accoxding to their
ionising strongth. A strong polyelectrolyto is ome whiah,
in eoclution, i in & permansnt gtate of lonisation while &
weak polyelecirolyteo moy oxist as o noutyal molecule capable
of ionisation.

¥hilo polyelecctrolytes ars essentially electrolytes, they
have coxtain differonces fivm siwple slectrolytes. ine
soluticen of simple elecirolyte the pomitive and negative ions
are distvibated svenly throughout the btulk of ths solution
and any parvticuler volume elewsnt of that solution will very
probably contain eguael rumbers of cations and anicne. Also,
on addition of solwent to cuch a sclution of simple slectiros
slyte the average distsnce detween sach charge will iversasw.

Thio ie not the cass in solutions of polyelectrolyies.
In an ionized solution of a polyslectrolyte the arrangoment
of the charges on the polyelectrolyte is governed by the
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configuration of thae polyeleotrolyte molocule. The solvant
surrounding tho polyelectrolyte molecule contains omly the
oppositely charged countor~ions which are held closs %o tho
polyeleotrolyte moleculeo by electrestatic interaction.

Howover, mot only does the mﬁﬁm&tion of the polys
tolo_ctrolyto chain affect the arramgement of the polyion
groups in thé golution, but the degrse of ionization of the
polyoleqtrolyte chain affects the spatial arrangemont of the
meorguolecule.

If the polyelectrolyte is in dilute solution in a fully
ionized state then each charged group repels similarly ohar@aﬁ
neigdbouring groups, and there is, under these conditions, the
maxirum olectrostatic repuleion possible along the polyblectrolyta
obain. Consaquently the macromolecule ezpands to its maximum
eine and the polyeloctrolyts is fully extended.

- Hewaver, if, whon tho mscremclecule is in ite fully
oxtended position, tho degree of ionigation is lowerod due
to sn inoreeso in concsniration or scme other factor, theon the
oleétrostatic ropulsion along the chain is decroased. With
this deorease in icnic intexaction the polyelectrolyte chain
contracts glightly in mize.

This process can be contimied until there are no icnised
gooupa presont in the polyelecizolyte chain and therefore mo
repulgion botwoen the variocus icnissble groups. Under thowve
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gonditions the polyeleotrolyte is fully comtracted and
bohaves like a noutral polymer wolecule.

This progressive change of molecular siso and ghape
with concentration will affoct the hydrodyramic volume,
and this chonge will be zefleoctsed in the vaxiocus physico-
schemical properties which rely om the movement of the
polyelectrolyte molecules in solution.

The offect of the lonised groups on the molecular
dimonsions can also be demonstrated by the sddition of
oxtraneous selt to the polysleotrolyto solutions.

Fhon the polysleotrzolytse im fully iomised then obviocusly
tho molecule will be at its meximm mise. If, undeor theso
conditiono, scme nalt is added to the solution then the
nolocule will contreot slightly due to a diminution of the
ropulsive forces between the charges, because of the chigld:
sing effsot of the added smlt on the icniced groupe in the
pelyelocirolyto. I¥ sufficient salt is edded then tho
polyelocizrolyte bohaves as if it wores undonisedy i.e.
behaves ae a neutral polymsr.

1% is mainly theso two chsracteristics of polyelectros
tlytes which govern theiy physico-chemical propertics.

Varicus attempts have beon made to calculate the degree
of expansion and various other propsrties from theoretical
considorations.
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In $he oarly theoriss the polyion wae conscidered as
& spkore of charges. This was wodified by Hermans and
Overbesk™ who calculated the free emergy and olectrostatic
potential a3 o function of the sise and shape of the polyicm.

Kimball end others ¥ caloulated the distribution of
the #mall ions for this model using the Domnan equilibrium.

Floxy 44 coasidored that the syotem was determined by the
osmotic offsct of the emall ioms in the presence of ihe
bound oharges on the polyeleotrolyts, end assumed that the
equilibrium powition was found by minimising the fres enorgy
of this systenm.

Katobhaloky and othars45 »46 gtlenpted to deduce thse
propextios of ’cho polyeleotrolyte by considering a chaln wodel.
They assamed tho probability of the veriouvs configurations of
suoh a cha.in.dopanﬁsd only onn the end-to-énd distance of the
ohain,

Rice and Harris?1"4® extented the theoretical trestment
of Xatehaleky's chain medel Yy considering the electrostatic
interaction energy beiween the cherges of the polyslectrolyte.
It wae sesumsd that not all of the electrostatic energy
expandsd tho chain and that the probability of the configura:
stion of tho chain deperded on more tha, the end-to-end
distance. In tho caloulation of the configuration of the

chain Rico and Horzis also tock into account the effects
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of each charged group, and also calculatad the entropy of
the chain molecule from the distxibution of charged and
uncharged sitoea.

Visoosity

The viscosity of a largo mumber of polyelectrelytes haz
been studied both in the prosence of salt and in aguecus
nolutionM' The viscosity of polyelectrolyten differed
vory muoh from the viscosmity bebavicur of simple eleotrolyten
and nsutral pflymern due to the charges distributed aleng
thoir moleculer chains and to the varicus offects of these
chargos.

When & graph of reducad viscosity against concentration
was dyawn for a noutral polymer then s siraight line relaticn:
sobdp was obtained.  The queisisy Tep/o decreased with
incrsazed diluticm aud a finite value for the initrinaic
viccoaity, 7] , thet is 7sp/o extrapolated to sero comoen:
stration,; was obtained from the graph.

This was, however, not true of the viscosity curves of
polyelectrolytes in sgusous solutions. The 7ep/o against
coancentration graph ocurved steeply uwpwards as conceniration
docroased.

The resson for this increasc in Top/o was due to the
faot that in aguecue soluticons of polyelecirolyte withoutl
addod salt the only mobile ions present were the countericns

vhieh accompanied cach macre--ion.
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Phon such a zolution was diluted by the additiom of
more aolvent then the ionic stronglh of theso countorions
deoroaged. This decresse in ionic strength was accospsnied
by & corresponding increass in the size of the molecule and
thexrefore an increese in the vigooaity.

Anothor contributory cause of this upward curve of thp |
graph may be that, sinco the molecules were sc greatly expanded
in the agbsence of salt they tend to interfere with each othex.
Thus the concentration of ¢he pol;olactrolyto wey influence
the configuration of each molocule.

While the viscosity data from noutral polymers obaysd

the equaticn '
d PR o 7l + x%

o
wWhoe [ﬂ was the intrinsic viecosity and k' was a constant,
polyelootrolyte sclutions éa.vasa

' Jsp B A

io 1+ B3Jo

in shich A wae the limiting value of Jup ard B ves &
c

constant. Therefore a plot of 7:1" ageinct J e

provided o straight line relationship from which the wvalue
of ths intwinagic viscoslty could be caleulated.
IZ howsver s simple elscirolyte wore added to the

solutien of a polyelectrolyte them the viscosity decreased
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due to the corresponding decreaso in the molecular extension.
Also the genersal shepe of the ..Zﬂ ogainst ¢ graph
changod. The graph, instead of turning upwards, {oxmsd

8 maxmimus,

This maximum has boen oxhibited for various synihetic
polyeloctrolyteas 3_’60 and for other po‘.lyalootmlytoass.

Fuoss and. Stzanes’ atated thet the meximum in the {Paguinst o
graph appeared for poly-F=n-butyl-{-vinylpyridinium bycudde
whon the concentration of brewlide ions from the polymer was of
tho mame oxder of magnitude as the bromide ion concentration in
the solveni. I¢ was also showm that this meximum decreaszed
on increasing the sslt concentration.

When the polyslsctrolyte was rslatively concontraited in
such a ealt solution, the moleculs was compact and the solvent
containod both the gegenions of the polyelectwolyte amd the
ions of tho added e=alt. Both these ionic types affected the
spatial srrangement of the polyslecirolyie.

However at medium concentrations the lonic strength of
the solution deponded on the gegenions of the polyelectrolyte
ard of the added salt, and so dilution affected the mmber of
ions in the solvont. Since a mumbor had besn removed duwe to
diluticon, the polyslectrolyte expanded and the viscosity

incrsasad.
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At lew concentrations, however, the ionic stzength was
fairly conatant due to ths relatively exmall mumbor of macro-
smolecules prosent. Since the ionic etrepgth remsined
comparatively stable thero was no change in the shape of the
polyolecirolyte and thereforo no incresass in visooesity.

As was shom by Pals and Koruunase thie maximum in the
1%2. agsingt ¢ graph could be avoided by measuring theo
viscosity at varioua polyelocizolyie concontrations in a
series of electrolyto solutions such that the total icnic
strength of the solution wes kept comstant. This typs of
dilution was called iso-ionic dilution.

By plottingl%2 against ¢ graphs for various systeas
of sodium pectinate in soflium chloxide solutions they showed
that straight line relationships betwsen the rzduced viscosities
and concentrations could be obtained for polyelectrolytes.

At normal concentrations of polyelecirolyte, that i down
to sbout 0.001%, at which viscoaity messurements have been made,
the upwaxd curvo of‘I%B against ¢ graph in the absence of salt
showed no tendency to docrease with inoreased dilution. Howe
sever it was fbund63’69 that if the viscoslty measurements were
contimeed to very low polyelectrolyie concentrations then the
graph desoribed a maximum and subssquently decrsased sharply

with decreassd polyelscirolyts comcentration. ¥or paxtially
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quateornised poly-4-vinylpyzidine in water ths mazimum of the
cuxve sppoared at a concemtration of spproximately 0.00005 g./fal.
Considerable uncertainty exieted® oonoerming the velidity of
such experimonis because of the obviovus difficuliies in measur:
sing viscositios at such vory low concentrgtiocns.

Torayemn and Wal163 also investigatsd a meothed of dilution
of polyelectrolyte in sali solution different from the two
methods of diluting the polyesleotrolyte solution with & calt
solution of constant lonig strength, and of dilntiﬁg the pely:
tolectrolyte with salt solutiens of varying concentraticn to
koop the total ccnesniration of covnterions in the gystem
congtant, i.e. iso-iomic dAilution.

In the former methed o maximwm appoared on the 133
against ¢ graph. The concentration a2t which the maximusm
appeared decroased with increased sa2lt concsontration until the
graph becams limesr at high salt consentrations. In tho
socond case it has been reported that a otrmight line relation:
¢ship was obtainedsa’?o'. Doty and Steiuerﬁ aleo used ¢this
wethed of ieo-icnic dilution for the light-scattoring experl:
smonts on aqueous selutions of aldumin in hydrochloris acid.

Torayena and Wall &ld not obtein stralght line graphs
with this proccss fox %he viscosiiy ezperiments on potasasium
polyvinyl alcohol sulphate, potassivm cellulose sulphato and

potassium polyscxylatec in the pressnt of potassivm halides.
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Rather, the curves were sharply curved at the early stages

of dilution. They attributed this to the facst that since
many polyelectzolytes behaved as being only partially

ionised 217 it waw very difficult to ascribe to amy partis
scular polyelectrolyte solution a definite ionic strength.
M diluted the polyeloctrolytga on a trial u:d orror basis
until they cbtained the correct salt concentraticn, ¢, , which

gave a straight line velationship. The ratio :}-— where
°

¢, was the conceniration of counterions from the original
polyelectrolyte solution gave scme indication of the counter-ion
fixetion of the polyselectrolyte.

From the viscosity measursments of the polyolecttolytoa in
various solvents it was poseible to détomino song idea of the
shape of the molecule.

mnstoin76’77 showed that the addition of spherical
particles to a solvent increased the viscoaity from 7 to 7°¢

and the relative viscosity 71_ 9

71‘ = 1 + 205¢

where { was the volume fraction of the solute.

(tnsager78 modified Pinstein's factor of 2.5 to

g—s—.f‘% Inf where £ e % s the ratio of the major to the

miner axes of ellipsoids of revolution.
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It was alego chown that

where [7] was the intrinsic viscosity.
Simha and others'?’° extended Einstein's treatment to
include particles which were ellipsoidm of revolution and

showed that
e T(Qew)

where v was Simha's shaps factor and squal to 2.5 for suspendsd
spheres but larger than 2.5 for ellipsoida. The shape factor
has been evaluated in terms of the axial ratios for prolate and
oblate ellipacids of rovolutionao. It was found that v
increased as the axial ratio increased.

The volume fraction,  , was not an experimentally
deterxmingble quantity. It was necessary to replaces it
with known factorse. Ie v, Wwere the hydrodynamic volums

of the dissolved macromolecule then
g o Moo
However the hydrodynamic volume of any particle is

« W .
Y —?-4.5-( v-:-wl.vlo)

From this it was possible to derive & value for the
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intrinsic viscosity, L 7] , of rigid macromolecules

()
71 = v(«;r-2 + W vy
where v = Simha's shape faotor

= = gpocific volume of solute
v, = specific volume of solvent

and W = hydration of the macromolecule in
g water/g material.
256
Flexible polymers, howsver, can be considered to behave

as equivalent sphores of radius
B, = &Be
where & = proportionality factor.

The hydrodynsmic volume of the flexible polymers would,

thexrefore, be
Y, L A’oﬂ § .R55
h 3
From this the intrinsic viscosity of the flexible

lymer is
BR 10.K. ¥

T)*  —— 3
g.'} 3.M Séﬁg
- 1o,n.r.ﬁ-§§§§§nl/2
3( 6u )32
where ol = empirical expansion factor

{5 = effective bond length of the polymer chain.

Frem this relationship it is obvicus that the viscoaity

3
of flaexidble polymers is directly proportiomal to ol o




Conductance

The 'conductance of an electric current through a solution
is a charasteristioc phenomonon of elecirolytes and involves
such variables as the amplituds and the frequence of the applied
electrical fisld, the charge, size and geometry, and conoon:
stration of the ionas present in the solution, and the dielectriec
constant, vicoqity, and temperature of the gystem.

Since the conductance depends on the ionization of the
solute in the solution it is obviocus that polyslectirolytes
will also exhibit the property of conducting electricity in a
solution. However in polyelectrolyte solutions the probleoms
arve groater than in simple electrolyte aolut:l.onasl. In fect
it hae been stated that the phenomenon of polyelectrolyte
conductance was not completely undorstoodal.

Various models have been put forward to explain theoreti:
scally the resulis obtained from experimental study.

Buiszenga and othom72

proposed that in conductance studies
the polyelectirolyte molecule should bs considered as an
assoociation medel.

Hexrmans and others have considered polyelsctirolyte cons

sductance as the result of a porous model with82 and u:l.thout83

electrostatic relaxation effects. Eigen and Schwarz84 oon:
ssidored the effects on the conductivity of polyelectrolyte

golutions of the polarization of the ionic atmesphere around
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rigid anigoirzopic polyelectrolyte perticles and the associated
orientation phenomenon in golutions.

It was foundel

in szlt-Cree dilute agusous aolufions of

partielly neutralised polymethacrylic acid that the equivalomt

conductance did not depend very much on frequencs between 10

and 50,000 cycles per sscond, and that the oquivalent conduct:

tance incrsesed with decreased polyelectrolyte ¢:<-n:x¢>¢m‘.‘.rs‘t:loﬁ2 +81,85.
I% was also stated that, though the eguivalent conductance

was viztuplily independent of the molecular weight of the poly-~

s o].octrolyteal »86

in the molecular waight range 129,000 to
464,000, it increased for molscular weights around 17,000.

The egquivalent conductance was found to decrease with
incressed degrse of neutralisstionm 2¢12919981

Eisenborg’® stated that the chage in the equiwlent
conductance with tempermture in the temporature range 0°C %o
50°C was related to the ohange of the conductivity of the
comterions.  Howevor Wall snd Doworms'® found thet the
polyion mobility increassd with incresesd temperature and
aseribed this increase to be duo to & decrease in the
viedosity of the msdium.

Froxn studies on syntheotio polyslectrolytes it was found
that the conductance of the polyelectrolyte solution wes

less then that of a solution of the corresponding electrolytic
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moncners at tho same conoentmtimss and that the oquivalent
conductance of a polyelectrolyte solution increased with
decreased molecular weight of the fractional .

It has zlso been shown that a high molecular weight
pelyeolectrolyte molecule contributed only negligibly to the
conductance of the solution except at high concentrations
and that most of the measured conductance was due to the frve
ommtorxm87°9°.

For a given charge 2 small ion moved faster and thsrefozre
had a higher conductance than a large ion. The higher the
charge of an ion of a given sise the higher the conductance
@ at a given conceniration a given electrolyte has a lower
conductance in o solution of lower dielectric conastant. it
has besn shown s that the dielectric cemstaut of a poly-
1elestrolyte molution incroased sharply on dilution.

The upward ocurve of the equivalent conductance against
councentration graph was due to the proportionately greater
muwber of free counterions presemt in diluite solutions.

In corsantrated polyelectrolyte sclutions a considerable
proportion of the countericns were held clome to the poly—
telectrolyts chain, During conductivity measurensnts these
counterions moved with the polyion. The remainder of the
counterions behaved normally and contributed to the conduct:
sance although elightly impeded dy long-range interxionic
interactions from the polyiomns.
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On dilution of this solution thore was more volumo
betwoon each maczomolecule aand therefore counteriens left
ths wvicinity of tho polyioms.

With each countericn which left the macromolecule the
charge en the macromolecule increased and therefore wmore
cuxrent was carried by each polyicn. | Also since there wexe
more fyee countorions available the current carried by them
was also proportionately increased. This increaso in cont
sdnctance, though sufficient to cause the upward slope, was
impoded by an inocrease in the frictional coefficient since
the macromolecule expsnded as & result of incroaved intra~
imolecular xupuloiaﬁ.

The effect on the conductivity of polyeléctrolyte
solutions of addition of simple elecizclyte has been

It was found that the mobility of
the polyion decreased on addition of simple electrolyte86’93
and that there was sirong imtoraction betweon tho poly-
telectrolyte and the simple slectivlyte.

In thie type of system it was found that the mobility
of the pelyion depsnded on the concentratica of the poly—
:electrelyto wore 30 than the concemtration of the siample
alectrolyte.

Hagasawn, Soda and Ehgana?a found that at zmero simple

electrolyte concontration the mobility of the polyion agrsed
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with the moblility of the monomer and at the limit of

suf ficient gimple electrolyte concentration, the mobility
also approached that of the moncmer. Botween these tweo
velues the mobility of ths polyions was always larger than
tho mobility of monowers.

From conductivity measuremsnts it i= possidble to
dotermine soms idea of the shape of the polyeslectrolyte
wolecule, The equivalent conductance of the polyelsctro-
tlyte can be measured readily and a molecular shape can be
assumed for the polyelsctrolyte. Theoretical equivalent
conductances can be calculated for the hypothetical models
and the extent of agreement between the observed and calcu-~
flaxed valuee give sowe messure of the validity of the
molecular modsl chosen.

Surface Tensicn

Folyelecireolytes in solution cause a lowering of the
surface tenzion. According to Gibb's absorption isotherm,
& decrease in surface tension is due to the adsorption of the
solute at the surface.

Jorgensen and Strauam94 studied the surface activity
of polysosps and a polyelectrolyte from poly-4-vinylpyridine.
Though the polysonps caused a relatively high decrsasc in
aurface tension, the polyelectrolyte did not, even inm ihe

prosencs of salt.
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For the polysoaps, howsver, the surfacs tonsion decreased
anarply on increassd concentration and eventually reached
a constant value.

The additién of salt to the solutions of polysosps
further decreased the value of the surface tension of the
solution. This reduction was due to the faet that the
simple slectrolyte reduced the electrical charge of the
polyscaps and, in addition, to the fact that the polyscaps
were less soluble in salt solutions than in water. Pre-
ssumably this had the effect of introducing more of the
molecules at the interface and so causing a decreasee in
surface tension.

¥hile <those authox594 found that the polysoaps reduced
the surface tension, they stated that the polyelectrolyte
studied only reduced the surface tension of water by % dyne
and that addition of salt to this polyelectrolyte solution
did not affsect the surface tension further.

Howowver it has been shown that other electrolytes,
for ezample acaoia?5_98 quite definitely rsduced the surface

tension of esolutions.



-39-
Iight Scatiering

Due to the peculiay properties to polyeslectirolyte
molecules cn dilution of the solutions or on pddition of
gimple electrolyteo, the results obtained from light-
sscattering experimente are characteristic of thia type
of material.

Tho light-ecattoxing thsory assumes that the molacules
are largely indepordent of each other. This, however, is
not trxue when lonised groups arc present.

The turbidity of polyslectrolyte solutions increased
rapidly on dilution due to the molscular expansion. This
effect has been noted by variocus workere®) 101,

It was aleo found that the turbidity of agqueous poly-
selectrolyte éolutionn increased on the addition of salt

to the solutionaloe.

The reason for this was, as Doty and Steinor;o

3 pointed
cut, that fluctuations in concentration could not be inde-
spondent in solutions of polyelectrolytes becauss of the
necoesity of maintaining electrical neutrality. Therefore,
in aqueous solutions or in solutions in which the macro-
imolecules were highly ieonized, the electrostatic inter-
sactiona between neighbouring molecules tended to establish
an ordered distribution.

This cansed destructive interfersnce betwecn the light
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acatiered {rem variocus pariicles with a corresponding
decrease in the intensity of the scattered light.

However, when ealt wos added to such a soluticn, the
effect of the ionised groups was restricted and the mole-
tcules tended to take up random positions in the solution.
Because of this loss of oxder im the polyelectrolyte selution,
thero was leso destructive interfersnce and so the turbidity
of the solution inoroased.

In aguecus solutions of polyelectrolyte it was found

that Hc againet concentraiion graphs decxeased on

B
increasged dilution and that it was difficult to extrapolate

this greph to sero oonoentrstion99’1°°’m4.

It was possibla, however, to obtain straight-line grephs
for Yo against concentration if the polyeleotrolyte were
studied in buffer aolutiommo, in salt aolut:l.onclm, or if
the polyelectrolyte were completely unionimd”.

Under these conditicnz the effect of the charges on the
molecules was minimized and the solutions scattered like
neutral polymers.

With linear graphs, sxtrapolation of Ho +to zero
concentration was facilitated and scourateﬂmmlta obtained.

The dissymmetry of polyelectrolytes in aquecus molutions

was found to decmm99”1°3 with concentrstion, pass through
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a minimunm and inereasc. This was presumably csussd by the
change in eiss and configuration of the polyslectxolyte
molecules on dilution, as well as by the orxrdering effectas
discusssd above.

The dissymmetry of an aqueous solution was also found
to decrease on addition of salt to the soluti 205 This
vas caused by the molecules contracting.

For polymethacrylic ac:la? it was found that ac the
dogree of nsutralisation increased so the dissymmeiry
increased. This again was dve to the increased effect of
the ionized groups on the molscular configuration.

-The addition of simple electrolyte to solutions for
light scattering removed soms of the effects of the ocharged
groups and facilitated the interpretation 6f the resulis.

As was shown by Vri and Owarboekms, however, the polyelectro-
slyte in such a salt sclution would adsorb the salt ions which
wore oppogitely charged to itself and repulee similarly charged
aalt ions. When the light-scattering of such a soluticn

was being considered by the fluctuation theory then it should
be assumsd that the perticle and the adsorbed salt fluctuate
together. It was, thersfore, necessary to czlculate the
refractive index increment of the system at constant chemical

potential and this was don2 by a membrane equilibrium process.




Acaciy

It bhas beon shown by immmilogical and electrophoretic
experiments that gum arablc was not 2 homogencus substance
but rathsr a mixture of related polysaccharides. This has
been supported by work recently carvied ocut on & gum from
Acacia Goyollos.

The component sugers of gum arabic have besan foumd by
hydrolysis to be D-galactose, L-arabinose, L-rhamnoss and
D-glucuronic acid. The positicn of some of the L-rhssmo-
spyrancose residues has besn established by reduction of the
D-glucuronic acid residues and acetylation procadnroalu.

Hany attempts have heen made to determins a definite

3, 115, 116. 117

structure for arabic aoidu Hirst and Jones
came to the conclusion that the arsbic acid molscule cen-
suisted of a backbone of 1,6 - linked D-gulactose residues
with cside-chains of D-galactose, D-glucuronic acid and
I-rhassmose or L-arabinose. This conclusion resulted from
the fact that on partial hydrolysis the two aldobiurcnic acids,
6.0. ( p. D-glucopyrenosylurcnic acid) D—galactosens’lm and
3.0.( {>. D-glucopyranosyluronic acid) -I~arabinose were
cbtainsd; <¢hey wore found in the preducis of hydrolysis
before and after mothylation.

113

While Hirst propoged that the galactose units in the

arabic acid molecule were linked in the 1,3 - position, other
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mzimmna have proposed that thsy are alternately joined

by 1,6 - and 1,3 ~ linkages.

Tt would ssem that & possible structure of gum srabiol’
is that the main D-galactose .trmﬁ: is joined by 1,3 -
linkages and that, interspeorsed along this ohain, ave arabo-
sfurancse units and that the side-chains of D-galactoss,
Deglucuronic acid and L-rhommose or L-arabinose are joined
through the Cc of the galactoss units in the main chain.
However the possibility of the pressnce of 1,6 - linked
D-galactose unite at the end or near the middle of this main
chain is not invalidated by the known experimental facts.

It can be seen that the struoture of gum arabic is
congistont with the etruoture of a polyelectrolyte. It is
& large molecule, along which are distributed iomisable
groupa. The physico-chemical properties of arabic acid
and ite salts clearly demonsirate their polyslectrolytic
nature.

Cun acacia is freely soluble in water and wher in the
ucld form it io a moderately strong acid with a pH of between
2.2 and 2,7. Its equivalent weight, when determined by
posentiometric titration was found to be in the region of
1000 - 140088, 120»126.

Varicus methode have been used to determine the molecular

waights of gum avrabiey arsbic acid and the salts of arsbic asid.
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By cemotic preesure investigations the molecular weights
of arsbic acid and its salts were found to be between 217,000
- 24,).'000120, 127, 128.

Sadimentaticn experiments gave the molocular weight to
bs 300,000 while light-scattering results showed it to be
0.58 x 205 1™ ana1.07 0.05x1° 2%,  gue disore-
spancies between these {igures may be duve to polydispersity.

Veisg and Eggon'borgorlos glso showed that the arabic acid
molecule was in the form of a stiff coil with many side-chains.
The root mean square end-to-snd distance varied between
1050 : when the molecule was completely uncharged to 2400 :
when fully charged.  Mukherjee and Deb' ¢ found that the
expansion was from 1090 : to 2400 : which is remarkabdly geod
agrecment with Veiss and Eggenberger’'s results.

When the gum arabic or the arsbic acid molecules were

highly charged the graph of Ho against ts:lnz g ourved down-

swaxds as the concentration ;ro'onaaod. This effect which is
camnon to 2ll polyelectrolytes is due to the change in the
polyslectrolyte® oharge and ehape on dilution.

It was also shown by Veiss and Fggenberger that the
contraction of the arabic acid molecules was hindered by the
sizse of the molecules and that the monoeaccharide units in
tho chain wore too bulky to allow complete comtraction. In

most cases any other comsiderations of molecular intersction
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do not affect the results to a groat extent. However in
the light-scattering experiments of arabic acid it was
evident frem the shape of He against concentration curves
that this molecular hton:‘tion was modifying the resultis
and that virial coefficients higher than the second had to
be considered.

Ae was shown by Katchaleky and Eisenberg, if the
ionigation of the maoromolecules could be repressed then
the plot of He against concentration becams a straight line
and ortrapol;‘:ion of this graph to zero concentration was
made moye easy and accurate.

This was done by Mukherjee and leb]'o4 by the addition
of potassium chloride or a mixture of other electrolytes
and by Veiss and Eggen’bergarlos by the addition of hydro-
tohloric acid to the solutions.

The idoa of considering the molecules of arabic acid
as flexible chainz was suggested by Basu and othorsm
from tliair viscosity ezperiments. The peculiar viscosity
properties of arasbic acid could be explained if it were
asm«i that they were long molecules with a high charge
density and a flexible structure’~ 22,

The change in viscosity of arebic acid solutions on
the addition of electrolytes was due to the effect of the

charges along the macromolecule chain. When sufficient
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salt was added the arablc acld molecule acted zs a neutral
polyuariZle 129-131

Various experiments have been carried out on the
viscosity of arabic acid and its ealteior? 1295 130, 132'135,
and in all of these the viscosity was showm to be reduced
on the addition of simple electrolyte to the solutiqns136 .
Thue arabic acid and its salis acted, in the viscosity
experimente, as typical polyelectrolytes.

Conductivity experiments on arabic acid88’131’137’138
also demonatrated the polyelectrolytic maturs of the macro-
smolecules, and Briggoe denonstrated that the conductance of
arabic acid was due primarily to the hydrogen ions.

The surface tension of arabic scid and its salts have
been studied by various methods. Clark and Mann136 found
that the surface tension of a gum arabic solution increased
up to 8 gum arabic concentration of 0.1% and then £ell until
the surface tension had a value of 61.49 dynes/cm. for a
107 solution and 69.69 dynes/cm. for a 5% solution.

Bamr31139 used Travbe's stalagmometer to determine
the eurface tension of gum arabic solutions and found that
a 4% solution had a suxface tension of 63.16 dynes/em.

Both Clark and Hann and Banerji found that the surface
tenasion of gum araebic solutions was decxreased by the
addition of electrolytes.
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The interfacial tension of gum arabic solutions with

140 and bmeno96’97’98 has been studied.

cyolohozano
Shotton showed that the results given for the interfaoial
tension between solutions of gum arabic and bensene from
the ring method and the drop-volume method wore unsatis-
sfactory due to certain disadvantages in these methods.

It was difficult to measure the results of ageing by these
methods becsuse of the disturbance caused in the surface
layer by each reading.

It was stated that g static method of determining
surface tension, such as the sessile drop method, gave more
acocurate and reproducible yesults.

The lowering of the surface tension between bensens
and gum arabic solutions was hom96’97’98’141 %o de due
t0 an adsorbed multilayer of gum arabic moloculee at the
interface. It was etated98’142’143 that such & film
would exhibit the physical properties which would explain

the emuleifying charectoristics of gum arabic.




CGum canth

Cun tragacanth is the exudate from various shrubs
belonging to the gemus Astragalue.

It has been indicated by fraotimtion]'“, electro-
spboresis>! snd structural 946 oyreriments that the gum
is heterogencus and is & complex mixture of polysaccharides.

The gum is only 30 - 40% =soluble in water amd the
insoluble portion was called "bassorin™ 4!,

The constituent sugars of gum tragacanth have been
found by hydrolysie with dilute mineral acid to be l-arabinose,
D=xzyloss, l-fucose and D-galactose.

Crude gum tragscantk was o mizture 2 of an acidic poly-
ssaccharide, 2 neutral polysacch&.ride and a small amount of
& glycoesids. It haz beon found that the acidiec poly~-
segccharide had an equivalent woight of between 442145 and
5504°,  The noutral polysaccharide could very resdily be
separated by precipitation of an agueous solution of the gum
by alcobol sincs it was soluble in T0% alcohol.

The acid nature of gum tragacenth was due to ihe presence
in the macromoleculee of D-glucuronic and D-galacturonic
acids.

The structure of the wiag: saathic geid has been studiedmg

by degredation with acid and enzma. The componaount sugars
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of this tragacanthic acid were D-galacturomic acid (43%),
D-xylose (40%), I-fucose (10%) and D-galactose. Various
oligosaocharides wore obtained on degeedation, inecluding

2 0 of I-fucopyrancsyl D-xylose; 2.0 f5 D~galactopyrancayl-
D-xylose; 3.0 [5 D-xylopyranosyl~D-galacturonic acid and
oligcnera of D-galacturenic acid.

The structureo of the tragacanthic acid was said to be
baced ou linear chains of 1,4 ~ linked = D-galacturonio
acid residues. MNost of thess D=galacturonic scid residues
wore connected through c'3 to side chains containing xylose.
Three types of side chainz were found, namely single
(5 D=zylopyranose residues and disaccharide units of
2.0 o I~fucopyranocsyl D-xylopyranocse amd 2.0 P D-galacto-

t pyranosyl-D-xylopyrancse. It was alsc possible, however,
that branched side-chains wsre present.

The structure of the arabirogalactan from gum tragacanth
was studied by hydrolysis and methylation techmiques "
The constituent sugars were found to bs IL-arabinose,
D=galactose, L-rhammose, D-galacturcnic acid and traces of
other sugara.

Frem the products of methylation and hydrolysis it was
stated that the arabinogalactan from gum tragacanth was
ocmposed of chains of D-galactopyrancss residues which were
mainly lirked through 1,6 — linkages but with seme 1, 3 =
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linkages present. Highly branched chains of I-arele-
sfureneno residue joined by 1,2 =3 1,3 - and 1,5 -

linkeges wore joined through the 63 of the galactopyrancse
rogiduen to the main chain.

This arabogalactan alsc contained proportions of
D-galacturonic acid and L-rhamnose but the precise way in
vhich these residues were comnected to the main chain was
not loown.

The wolecular weight of the water-soluble fraction was

151

found from diffusion experiments to be 840,000 and from

osmotic pressure measurements to be im the range 80,000 to

The viscosity experiments on the free m:ldwombited
the typical viscosity behaviour of poclyslectrolytes. In
agueous solutions the graph of reduced viscosity agsinst ocom—
scontration rose sharply on increased dilution and the sdditien
of emall smounts of simple elsctrolyte preoduced a maximum in
the curve which eventuslly disappesred at higher simple
electrolyte concentrations.

However, viecosity experiments on the sodium salt of
the tragacenthic acid showed some ancmelous behaviour. The
reduced viscosity/concentration curve showed s deorease at
low concentrations.

At any particular conecentration however the reduosd




w5le

viscosity of the sodium salt was highor than that of the acdd.
Thugs the molecules of the sodium salt of tragacanthic acid
sust bave been more expanded than the corresponding {ree acid
form. It was also shown that the pH of a solution of the
sodium salt increased on dilution, presumadly due to hydro-
slyeis of the sodium ezlt. Since the acid groups were leoas
dissociated than the sodium salt this hydrolysis would tend
to lower the viscosity. It was thought that this may have
a greater effect on the soluticn than the uncoiling effect
of the macromolecules on dilution.

From these viecosity oxpor.lmontam and sedimentation
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and viecosity exporiments it was deduced that the molecule

was linear. The length of the macromolecule was calculated
to be 4500 K and the diamoter 19 : o

The viscosoity of tragacanth solutions was also messured
on & rotational viscometer. The graphs cbtained were
curved which indiczted a struoctural viscosity which increased
with concentration. &t low concentirations and at low rxates

of shear, tho solutions of gum tragacanth did not deviate
significantly from the behavicur of Newtonian fluids.



Cerrageenin

Carrageenin is the complex polysaccharide which ie
extracted by water from various red ses-weedo and in parti-
scular from Chondrus crispus, Gigartina etellata and Chondrus
ocellatus 229193,

Caxrageenin was found to be mainly composed of D-galactose
units 24195 gnd to ccntain 3+6 anhydvo-D-galactose 0! 197
and small amounts of D-glucoselﬁ’lss, m155,153 and
L-g;laotonels"']'”. Carrageenin also oontained about 30%
mono-esterified sulphuric acid.

Extraction of C.orispus with hot and cold water appeared
to give two meparate polymcbuidoslss’lso’lﬁ though the
golactose parte of sach substance were structurally .ixl:l.la.r.ls4

This proposal that carragecnin was heterogencus was sup-
spoxrted by evidence from various physico-chemiocal measuremente.
It appeared that it was composed of a major component with a
linear moleocular structure and s minor component which was
suggosted to have a branched molecular structurel®2®  These
twe components have been separated by fractional precipitation
with potassium ohloridan}' 165.

These fractions were found to differ in sulphste content,
optical rotation, and content of 3,6—mhyd1~o—l>-gglactosc156'157.

It would appear that a possible structure of carxrageenin

is that ths main framework was composed of D-galactoss and
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3,6 -anbhydro-D-galactose Joined through 1,3 - linksges with

& culphate group on C 4 The oxder in which these and the

other sugar residues oxisted in the chein was not fully 11?
It was found that the viscosity of agueocuse solutions of

carragesnin exhibited the peculiarities of polyelectrolyte

66’167, especially those frastions of carragsenin

which had re¢latively low molecular weights. For extracts

with higher molecular weights the viscosity becsme dependant

on the rate of ahenr167.

visoosityl

In agueous nolutional“

the reducsd viscosity ageinst
concentration graphs ocurved upwards on dilution and on
addition of simple electrolyte the behaviour of the solution
wae like that of msutral polymers.

The reduced viscosity/concentration curves for carra-
sgeanin in agueous aolutioa]'“ exhibited & maximum at very
low comcentrations. This had bsen noted by previcuas amtheors
for polyelecirolytes in salt solutio 55. liszeon and Goring
ascribed this phencmsnon to traces of inorganic impurxitics
presont in the watew.

The maximum in the viscosity curve for carrageenin in
salt solutions had been observed by lMasson and cm::oalG?.

It appoared wher ths soluticn had a salt comcentration of
0.000231K ms%, end at e salt concsatration of 0.1M sedium

chlorido it disappeared.
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The main component of carrageenin wne found to be

composed of linsar molecules with a molecular weight of

162,168

between 110,000 and 530,000 The maoromolecule

was assumed to be rod-shaped and appeared to have an axial
[

ratio of 160 - 340 and a diameter of 9.9 - 13.5 A .

The molecular weight has also been calculated to be between

800,000 and 1,000,000 by sedimentation >’ and 2,500,000 by

osmotic pressure meaaumentu]'“.

By light-scattering measurvements the molecular weight

of sodium carrageenate in sodium acetate buffer solutions

wan Lound 10 to be 1.7 ¥ 0.1 x 10° .

62,170,171

Sedimentation experimentnl and viscosity

exporlments]'“’m? also indicated that the carrageemin
molecule was rod-like.

Gordng and Chepeewiakml

suggested that the molecule
was, in fact, coiled and was capable of considerable
expansion. It was also suggested that sodium carrageenate
existed in solution as a molecular network which broke up in
dilute solutions. This would explain the gelling temdency
of certain fractions of carrageenin.

170

The light-scattering experimenis suggested that the

sodium carragecnate moleculea were stiff rods with a length
)

of 3700 A . Since structurally a stiff rod was not possible,
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it was suggested that the molecule had an extended branched
gtructure which was flexible in itas major awis. It was
suggested that the light-scattering envelope was distorted
by o small concentration of aggregates which were not
removed by the centrifugation treatment.

Goring and Chepeswick’ |® found that the molecular weight
of sodium carrageenate 790,000 and the length of the rod was
2400 Z . by eedimentation.

Sitaramgiash and Gonngln asoribed Kasson and Gorlng“uls?
resulte to be due to a rod-coil transformation on increamed

ionic sirength.
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Sodium Cazbomymethyleelluloso

Sedium carboxymethyleollulose is a dorivative of celluloae
in whioh. sooe of the colluloss hydroxy groups have been trans-
sformed into =0.632000Ba. groups.

The carboxymethyl ether of cellulecse was first prepared
by the imtersction of alkali cellulose and chloroacetic ac:ldln’lm.
This resction was noxmally carried out with an excess of alkali
2o that the sodium salt, sodium cardboxymethylccllulose, was
foxmed.

Sodium carbozymethyleellulose was therefore composed of
the long cellulose molecule along which were distributed sodium
oarboxymethyl groups. Stxucturally therefore it fitted the
definition of a polyelectrolyte.

The viacosity of sodium carboxymethylcellulose solutions
naturally exhibited the peculiar viscosity properticee of poly-
solectrolytes and this type of viscosity behaviour has been
reported by various wrkers9 3,175~ 182.

In aguecus solutions the graph of reduced viscosity
against concentration increassd on dilution of the solutiomns.

76’181, Immem, and Insgaki183 found that

Fujits and Homma'
in agquecus solutiona this graph formed a2 maximum below a
sodium carboxymethylcellulose conceniration of 0.008% and
that the position and appearance of this maximum depended om

the molecular weight of the sodium carboxymethyloellulose
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fraction used. For relatively low molecular weight
fractions the mazimum and subeequent decreass in the graph
wore vory merked. In higher molecular weight fractions
the maximum disappeared apd the reduced viscosity against
concontration curve appesared to he almost flat over a widexr
range of cancentration than before.

The appearance of this maximum was explainsd to be duwe
to the antagonistic offects of the shape effect and the
electrostatic interaction effect.

A% very low concentrations the electrical interaction
effoct prodomirated and the reduced viscosity increased with
concsutration. At eslightly higher conocontrations, however,
the effect of the shape of the mwlecule overceme the primary
effect and the curve graduslly fell with inoreased concentration.

Basu end Daogupta’!? did not memsure the viscosity of
sodium oarbozymethylcellulose solutions at sufficienmtly low
concentrations to demenstrate the maximum in the reduced
viscosity cuzve though marxims were cbtained for sodium
carboxymethylcellulosge in dilute salt solutions.

At & sodium ciloside concentration of around
8.75 x 107% g.eq./1t. the maximum dieappeared and the sodium
carboxymethylcellulose acted as a neutrsl polymer and the

reduced viscosity decreased with decreased comcentration.
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Fwoszass hed elreedy chown that the rise im the reduced
viscoslity againot concentration curve would be proportional
%0 the dielectric constant of the medium. This was con-
sfizmed by Basu and Daagaptal?s who dissolved the eodium
carboxymethylcellulose in various mixtures of diexane and
water and measured the viscosity.

This welation betwesn the dislectric comstant of the
medium and the changs in the reduced viscosity was stated to
be dus to0 the increased camtraction of the polyelectxolyte
wolecule when the dielectric conatant of the medium was
deoreased, @ince the elecirostatic intexactiom between the
ioniged groups along the polyelectrolyte chaim deoreased
with the fall of dielectric constant.

Tt was found that isc-fomic dilutions®179184s185 o0
sodium carboxymethylcellulose gave siraight line viscosity
gmpmlm,93,1&5,,187

zelectmlytea58’7o.

It was foundl

a2 hod been reported for other poly-

12 that if the sodium carvoxyuethyleellulosc
were assuned to be fully loniged and if the solutions wexe
diluted isoionically then straight line viscosity graphs were
not obtained. However if the method of Terayama amd Wal163
weze used in wdich the solutions were diluted with a conoen:
stration of secdium chloride chosen by txial and error then

straight line graphs were obtained. This failure of the
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isg-jonic dilution techmique to give straigut line reduced
visoosity graphs was said to be due to the eoffect of the
countexion birting activitiy of the polyslectirolyte molesules
whalch Jeft only a fraction of the counterions froe im solution.

The light-scaltering ozporﬂ.mants]'%’me

demonstrated
igpier? polyelectrolyte behaviour. As had beor found befoxe
tho Hc graph was curvod downwards om imoreased dilution. Oo
addi;‘;on of sufficient salt this line becawre straight and extra-
spolation to zero concentraticn became easier.

Sibneddes il Doty C° Pownd the weight average maleciles
weight of a particular fraciion to be about 440,000 with a
Hz 8 liwz u, distridution of 5.15 : 2,65: 1.0. The
root mean sguare end-te-end distance of the coil changed froem

2300 :ol in 0.5H medium chloride to 3350 : in 0,005} sodium
chloxide,

This incrense of 45% im the range of ionic strengths
studied could no% be explained by the Hermans-Overbeck, Floxy
ox Katchalalky-fubn theories of polyelectrolyte expansicn.

They assumed that the imtrincic viscosity, | 7| , was
proportienal to ol 2 , the coil expansion factor.

The disagreamsnt between their cxperimental resulino apvd
“he thecxretical predictions wazs sald to be due to the negleot

of counter-ion binding in the latier.
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It was alsc found that the ascond wirial oocefficient
increcased as the icnic atreongth descreased. If it were
assunsd that the counterioms distributed themasslves betwsen
the atmosphere and the solution the Donnan term caloulated
for this condition did not agree with the experimental results.
Howover, if it were assumsd that the counterions were held
closs to the polymer chain and the second virial coefficient
calonlated frem the Flory ' theory of molecular canfigurstion
then reascnable agrsemsnt betwsen the caloulated and obassrved
vesults was obtained. Schaeider and Doty assumed that im .
the case of sodium carboxymetbylcellulese the counterions mist
bo hold closs to the meorcmolecule.

Trap ond Bermans o slso studied sodium cozboxymethyl-
scellulose by light-scattering in sguoeous hydrochloric acid
and sodium ohloride soluticna. The molecular weight of the
sample of sodium carboxymethylcellulose was found to be 86,000
arnd the lemgth was 2000 : if the molecule wore assumed to de
rod-shaped.

They also found little agreemont between the Donnan texm
and the obsexved seocond virial coefficient. I{ was found
that the second virial coofficient was approximately propor-
stional to the squers of the charge density and to the 2/3
power of ths xeciprocal ionic strength.

81?2

Sitaramaiah and Gorim attempted to study sodium
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carboxymethylcellulose by light-soottering techniques but
found that the molecular weights obtained were irregular
and unreliable.

The insccuracies of the moleculs® weightes obtained from
the light-scattering oxperimenis were stated to be due to tho
presence of amall amounts of high molecular wolght egpregates
which were formed during the synthesis of the sodium carboxy-
smethylecelluloze and which could not be removed. Thie
difficulty has been noted befoxe for cmaguuinno and has
been stated to be the main cause of imaccuracies in the light-
sacatiering experiments on ‘biological momoleouleamgblgz.

Becanse of the effect of these aggregates on the lighi-
sscattering results and mince they hed virtually mo effeot an
{the mesults of the sedimentation or viscosity experiments
Sitaramaich and Coring regarded the resulis from the light-
sscattering experiments of sodium carboxymethylccllulose as
unrealiatic.

The nmame authors suggested that a2t high iomic strength
the sodiuvm carboxymethylcellulose molecules were im a coiled
shape but thet at low ionlc strengths the molecules expanded
%o a red-like shape.
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Fharmaccutical Applications

The applications of the polyslectrolytes describsd above
%o the pharmacecutical industry deperd cn their poculiar
phyaico-chemical properties. They axe all, to scme extent,
soluble in water and their aguocus solutions have very high
viscosity. This high viscosity and tho fact that they are
adsorbed at interxfaces makes them good emulsifiera and
stabilisers.

Gun arvobic, perhaps tho most commonly used pharmsceutical
polyelectrolyte, has been used for many yoars as an ceEnlsifying
agent and its.excellent properties of emlsification have been
ehow 0900 M1-M3 ¢ o aue to the adsorption of the gum
arabic molecules at the interface of the aguecus and pon-
sequecus phase.  This eventually forms an elastic layer
of gum arebic between the dispexse and the contimous phases.

Gum tregacanth, carrageenin and sedium carboxymethyl-
scellulome have aleo been used as emulsifying agents.

These polyelectrolytes hawe been used as stabiilising
agents for phammsceutical suspeasions.

It bas been shown that thease polyelectrolytes wvery

effectively stabilize suspensions of such insoluble medica~

smente a8 keolin and calamine. The stabilisation is

effected in two ways. Firstly the polyelecizolyte

increanes the viscegity of the medium and so retards the
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sedimcntation of the mterialw',‘. Secondly the poly-
selectyolyiec acts as a pyolective colloid. Each parti cle
becones surrounded with a layer of the polyelectrolyte and
80 becomen charged due to the iomised groups present on the
polyelectrolyte. Since cach particle and adsorbed layer
of polyelectrolyte has the same charge they tend to vepel
each other. This also prevenis any uédinentatiw or
agglomeration of the particles in the suspension.




THEORY OF LIGHY-SCATTERING

Introduction

The scattering of light has a very important positien in the
determination of molecular weights and molecular preperties. 1t
is an invaluable technique when studying substances with a high
molecular weight.

One of the first observations of the results of scattered
light was made by Loxd Ba;rle:!.gh]'94 when he proposed that the blue
colour of the eky was due to the cmell particles suspsnded in the
air which diverted light, easpecially light of low wave lencth,
from its normal course.

l!ichter195 noticed that light was scattered when it was passed
through a solution of colloidal gold.

Pynda1129® found that the direction of the scattered light was
dependant on the polarisation of the incident light. He suggested
that the phenomenon of light-scattering was due to reflection of
the incident beam. However, Rayleigh pointed ocut that the light
scattered was due to diffraction.

Loxd Rayleigh stated that the oscillating field of the incident
beam gave rise 10 an induced oscillating electric moment in the
smell particles through which the beam was passing. Such induced
electric moments, in turn, acted as secondary light sources of the
sare wavelength provided that the induced oscillations were far
removed from the natural frequency of the electrons.

Somne of the incident beam, however, was absorbed by the
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particle and this caused the molecules to be raieed to a higher
ensrgy level. This asbsorbed cnergy was re-emitted by the
molecule at certain specific wavelengths as Raman spectra.

Rayleigh's original treatment of light-scattering was for
ihdopendsnt transparent particles that were optically isotropic and
smell compared with the wavelength of the incident light.

There are two methods of considering the theory of light-
sacattering.

Mirstly, the scattered light may be treated as being due to
fluctuations in deonsity and concentration which result in fluctuation
in the optical dielectric constant of the solution. Im a perfect
crystal lattice each similar volume contains the same number of
scattering points. In thies case complete destruction of the
scattered light occurs. However in a solution the flu.%uatlons
ensure that there is no complete destruction of the scattersd light.
This theory was developed by Sohmoluchowskil?! and Einsteinl®.

The second approach tc light-scattering is to consider the
light scaitered from each independent particle. The total light
scattered ies them calculated by a summation over all particles.

The final answer is modified by taking into account interference
producing phese differences in the scattered light. Thie method
in called the Interference theory and wac developed by Rayleigh.
Deby0199 showed that this theoretical approach could be applied %o
dilute solutions of high molecular weight polymers provided that

the molecules of the polymers did not interact very strongly.
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Light Scattering of Small Particles

IZ any particle in spsce be subjected to an electric field of
strength, B, then a dipole is induoced in the particle which is
parallel to the electric field.

The magnitude of the induced dipole is proportional to the
electric field strength. The proportionality factory; oL »
is called the pola.ri_zab:ll:lty of the particle.

p D&E . oon-oooooo-(l)
The equation for the electric field of such a light-wave is

E » Egcos 2x (3t - 3):) susne B

whore B = emplitude
E s ™ maximum amplitude
Y =  frequency
t = time
Z = poaition in the direction of propogation

and )\ =  wavelength
The incident beam induces an oscillating dipole and from
equations (1) and (2) it will be seen tha; the oscillating dipole
is such that
P e o Eeos 2R (38 = F) ureann(3)
An oscillating dipole is, however, itself a source of light
and in this case the light produced is the scattered light. The

field strength of the scattered light is proportionsl to fg
dat
and is dependent on the direction.

The value of E‘3 at o distance, r , from the dipole where
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is very large compared to the wavelenglh, will be proportional to
sin ¢, where ¢ is the angle between the axis of the dipole and the

line from the dipole to the point at which Es i® being measured.
i

Eamustalsovaryas -;.'
« ain
B o(—f ] ! (4)

By differentiating equation 3 to obtain —-3—- and by intros
1

o2

sducing the proportionality comstant which in this case is

where C io the velccity of light, eguetion 4 hecomes

E, = 4“ :;g :inﬁl cos2r(t - - Yeeeoeea(5)

The intensity of a light-wave is the quantity which is measured

experimentally and this is proportional to E2 which has been averaged
over one fluctuation. From equation 5 and equation 2 the ratio of
the intensity of the scattered light, 1 g’ %o the intensity of the

<

incident light, Io s can be obtained.

16x*«sin gl A

c -
cqer

eocees(6)

e
o ja

Since the wavelength of light in vacua, A\, is equal to

% equation 6 becomes
" 1675’93 sin
8. = TR savnes. P}
o

For experimental purposes the gquantity o(z must be evaluated.
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It may be related to the dieleciric constant, E, of the medium by
E - 1 = 4KN°L .......(8)
¥here F is the number of molecules per cubic cemtimetre.

It can also be shown that

E = n2 .-....(9)

where n is the refractive index of the material.

By combining equations 8 and 9 it is possible to relate

to the refractive index of the material.

812 - 1 =4 4‘&“’& 00000000(10)

@=-1)n+1) = JxNx
If n is close to unity
@=-1) = 2xN«
If this equation is divided by the concentration in grammes/ml.

!nwlt =3 2.KN°" ®coovnc000 (11)

C ¢

ne-1

C din /
concentration and is therefore de .

represents the change in refrective index with

Therefore by substituting ¥ , Avogardo's number and M the
molecular weight for ¥ and C

D( = ‘au/GO)ou
2R W
This value of CL can be used to eliminate oZ' from

socsccces(12)

equation 7 to give

2.2 . 2
947‘2(:2“%; =k o} convselL3)

a
IO



«69-
¥or & system with ¥ wmolecules per cubic centimetre

13 47(2(dn/dc)? ¥ N sin2¢1

— = 000000(14)

Io r2 )\4 N e

However H = —%‘i— and therefore by substitution equation
14 becomes
L 4 72(%ac)? Me. oiny,
T‘ L] 00000(15)
. 2.\, 1

Figure 2 shows diagrammatically the angular dependence of the
scattered light. The oscillating dipole at O, which is set up by
the light, plane polarized in the XZ plane, sets up a secondary wave.
The intensity of the secondary wave is proportiongl to the sine of
the angle between the observer and the 2 axis.

It will be seen that the intensity of the scattered light is
symmetrical adout the Z axis and that the intensity reaches a maximum
in the XY plane and becomes zero slong the Z axis.

If, however, the incident light is unpolariged, as in figure 2,
then the vertical ZX wave behaves as before. The light, plane
polarised along the XY plane sets up a secondary wave. The intens
i8ity of this wave is symmetrical about the Y axis, reaches a
maxinum in the X2 plane and becomes zero along the Y axis.

Eguation 15 for unpolarized light becomes

ig 27§2(d‘7dc)2.M.c
-I: " )?.r‘,N
In this case, ¢2 is the angle made by the direction of observa:

(sin2¢1+ sina,dz) -« (16)

ttion and the dipole produced by the horizontally polarized wave.
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Ry zeplecing (a:in2¢1 & min2¢2) vy (1 + coaza ) whore @ is
the angle beiween the line of obsecxvation and the X axis
equation 16 becomes

" 2 wz(dydo )Z.M.c. (1+c0529)

o
o~y " 4 2 00.00(17)
Io k 5 of N

For dilute solutions some account must be taken of tho refracs
stive index of the solvent.

If eguation 10 is written as

nz - 3‘2, ® AgNN 0..0..(18)

where n " i the refractive index of the solvent and n is the
refractive index of the solution then

e 2 dn ‘
b4l ‘”no s 2n° ('E;) C 00000(19)

Thie rxedetermination of bL2 gives
1 2 7\2.!1(2). (d'}"dc )?Moc

3 ’ 2 _
et & R l+cos 9) .....(20)
Io ’)\‘s’rZ.N‘

This equation can only be uscd to obtain the molecular weight
at infinite dilution, as no acccunt of non-ideality is taken in
deriving it.

Fluctuation ?heory of light-goattering

In liquid systems a great deal of the light scaitered is lost
by destructive interference. The remainder of the scattered light
can be regavded as arising from randem fluctuations in the local

concentration in emall elements of the volume &V,
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The solution mey be divided into N such elements per cubic
coentimetre
WY = 1 sswasselil)
The dimensione of each element are assumed to be small compared
with the wavelength of the incident light.
If the concentration of the solute over all the solution is

Gl then the concentration of any element is

C = Cl

+ & ssvarsalin)
where €0 ls a2 amall posditive or negavtive inorement in the concemntras
stdon of the volume elcment.

Since the polarizebility of the solute depends on the conceniras
stion them with any change, & C, in the concentration there will be
an accompenying change, OoL , in the polarissbility such that

| L = eL' + Bl snsseoni®d)

Eguation 23 can be inserted into equation 7 to give the rzatio of

the intensity of the scattered light to the intemnsity of the imcident

light for such a volume element,

4, 2.2
;- - 167‘0(& +s& ).Bin dl ...-.(24)

o . r?

However ¢ '2 0 2
(e + € ) =l T+ 2680 +(8c¢C )",

The gverage fluctuation which gives rise %o ciz is gsexo. The
term 20 «8X will be gexo also as there is an equal probabllity
of the value of £cL bDeing positive or negative. Therefore the
only texm in the expansion of (ctﬂ +Bol )2 which hes any significence

in egquation 24 is (ScilL)2 for in this case all values of &8¢ will



=72~
become positive due to aguaring the term.
10 16 n4- (80()2. sinadl

(4] )\4 2
oYX
Since there are N elements per ocubic centimetre and from 21

ceeees(25)

He %f » Squation 25 becomes

i 16 7‘40 (8:)2. ﬂinzdl
"I"'e’ L seoco (26)
o oo %401' osv

where (6= )2 is the average value of ( sg) for a large number

of elements.

Temperature, pressure and concentration will all affect o< and
from the partial differential theorem

s - (%), 6P +@)p, 8T +Q%)y 8o sevens (2T)

In dilute solutiona the changes of ol with pressure and tempera:

sture can be ignored since they are virtually the same as the changes

of solvent aleng

X
6“ L ({S)T’Psc 00030(28)
Equation 18 is
2 2
.n - n a = A RE

If, in the derivation of equation 12 from equations 8 and 9

ni is substituted for 1 then 1t can be shown that
ol
n ( ) = -2-:5%—- ceenoo (29)

By substituting equation 28 in equation 29 it becomes

n, (%Ecl-) - 2 H( )I' - ceese(30)

However from equation 21 N = il
8V



n¢>( %%) > S%L(%%)T,P

$) ’ no(d"}'dc)sv -
o’T,P. o
From eguations 28 and 26

- 16% 4. §%)?(80)%s1n’g,

.i: )\4.,1‘ BV .....(2)

By squaring equation 31 and substituting this relstionship

in equatiop 32
i 47( (So).sin 1o .(d'7dc)

Io 7\4«»!’2
where (& D% is the average velue of (Sc)

eeea(33)

As in equation 16, equation 23 for unpola.r).zed light becomes
. 27\'2(60).11 - (Mac)?,6v. (14cos’0)
= . cesee(34)
2 p S0
Ify, in a system at equilibrium, there is a change in any thermos

tdynzmic quantity from a mean value 3 to another value =x , them
there will be a change in the free energy, A G , associated with
that ohange ss_ueh that
AG = f£(x) - £2(X)
and the probability of such a change is given by & Boltzmann
“A9k'1‘

mlationmp’ ) ........(35).

Large fluctuations in concentration are not expected, nor are

large values of 8G , therefore the expansion of 8CG gives

(b 23).8x 43 §Gc)(&)2 (Q—G )(8x)3.c o sessalabY:

If in the above equation, the function Z in related to the
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concentration and if texme higher then squared are ignored

equation 36 becomes

1 ,22G 2 .
60 = 'é!(,?;'é)m,P(s") oo (38)
From this equaticn it can be deduced that
kT
8c)% %G
@ @ (39)

whioh can be substituted im equation 34 to give

i, 2wfal.(ao)?sV. (14c0s®0)  km

T & g G ocoo (40)
© k ér2 (..E)T,P
) & 4 By and n, ave the mumber of moles of gofvent and solute
respectively in & volume £V and 71 and 72 are the
paxrtial molar voiumea then
nlvl + n2V2 R ev ceeoo (41)

do, = °’§__7_2__§ By, eeeeee(d2)
(71

By definition

a¢ = )idnl - )‘26'"2
where Pq and Po are the chemical potentials of the solvent
and solute respectively.

7
4G = '7‘1(%?" Jan, + podn,
1

v

= dne[}xa - -:-2-)11 ] cessses(43)
1 .

«f
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The number of moles of solute per cubic centimetre is

"
&V " H
" (s_g) ac

v
(E'E)TP i [(buz)'rr -;'72 ‘;15 ] seecess(44)

By the Gibbs=Duhem equation

¢ neo.v-l
and since
2 .o
ni?i +n,V,
then 2 d
d%¢ n
(b )TP V .(SC_)T,P 00000-0000(45)

This can be inserted in equation 40 to give

i 2x5n.(%a0)3(1 + cos®e).c seeerenns(46)

I; " ANor "(V;H)(%")T’P

Since the deviation from non-ideality can be expressed as a power
series in C

= (%2 2
Fl Poonst. ™ -RTvi(if‘ s Do, + Co%)_ oee0(47)

( )T P Rﬁl(% + 2Bc + 3002 ) ) otooo(48)
As k = %e
| 1
- m( = N "*" ch 3c oo 009000(49)
T xp 50 TP (g + 880 + 300" 1)

1
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Bguation 49 can be included in egquatiom 46 o giwe

. 213;‘1.(‘7«)?(1 « 008°0 ).C
l: = )\‘.rz.r(ﬁ * 2Bo + 3002 ) «+«(50)
Iu'nqdﬂﬁu solution equation 50 will become equatiom 20.

The Rayleigh ratio, nu.o.numm
2

B v R0
(4]
27€.n2, (“720)2(1 + 00s0)
»hr (ﬁ + 2Be + 3002 )
The tuxbidity, B, of a solution is

? - l?no veees(52)

321002, (a0 )2, (14008%)

eeee(51)

e T Ty
2 2
1e 321‘%_9-('?3) . & eeee(54)
w N?
. §+m 0 eeee(85)

Equations 51 or 53 can be used to determine the molecular
wveight and the second virial ocefficient of solute in solvent.

The second wirial coefficient is a measure of the deviatiom of
the system from ideality. For solutions of maoromolecules the
deviations are largely due to the molecular sise and shape. Rod-
sshaped and coil molecules will give much larger values for the
second virial coefficient than spherical molecules of the same
molecular weight, provided the coiled moleoules are in a good
solvent. 20t
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larigation

The theoretical treatment of light-scattering assumes that the
particles which scatter the light are optically isotropic. Therefore
in the practical interpretation of light-scattering data some compen:
:sation must dbe made for molecules which are anisotropic.

If the molecule is completely isotropic and if unpolarised
incident light is used then two independent oscillating dipoles are
set up in the scatiering particle. These dipoles are perpendicular
to the electrical vectors of the incident light and ave at 90° to the
direction of the incident light in the horisontal and the vertical
planes. The former dipole will not affect the intemsity of the
light scattered at 90° in the horisontal plane and therefore tiis
scattered light will be completely polarised. Consequently, when
the scattering particle is isotropio the ratio of horisontally
polarised to vertically polarized scattered light will be zero.

However when the scattering particle is not absolutely isotropic
then the oscillating dipoles induced by the unpolarimed inocident
light ave not parralel to the eleotric veotor of the incident light.
In this case the light sosttered at 50° in the horisontal plane will
not be completely polarized and the depolarization ratio, P, » will
not be seroc.

It has been shown by Cabannee that the excessive scattered
light due to the anisotropy of the scattering particle is related
to the depolarisation ratio. The intensity of light scattered is
greater than the intensity due to fluctuations in concentration alome.
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The correction factor used, Cabaunes® factor, ie

6 = 1Th,
& + Gp“

whexe Py is the depolarization ratio and the subsoript "u®
indicatea that the incident light is unpolariged.

However while arisotropy of the scattering particles will give
rise to @ measurable depolarization ratio this ratio may slso be
affected by various other factors.  GeiduschedC> hes stated that
the dspolarisation ratios quoted o be due to amisotropy may not be
due to anicotropy but due to secondary soattering and various other
factora.

Molecular Welight Averages
The distribution of the molecular weights of & sysiem of macro-

mmelecules can be calculated in s number of ways to give a number of
moleculaxr weight averages for the same system. It is not possible
to define any one partiocular aystem with ome molecular weight average
value because different physical properties demsmd the use of
different moleculer weight averagea.

The three most important and appropriate moleculer weight
avereges are considered. These are the number average, the
weight average snd the "Z"-average molecular weights.

The nmumber average moleoular weight, KH s is cbtained by
dividing the sum of the products of the number of molecules and
the molecular weight by the total number of moleoules.
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n & Nlml + Ezllz + Hﬁ-&.....

Hl 4 32 % 3 + cecsce

Z‘.\.ii
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whexre Ni is the number of molecules with a molecular weight lli

The weight average molecular weight, H Ly 2 is defined as the sum
of the produots of the mumber of grammes of material and the mole:
scular weight divided by the total number of grammes of the material

I' = EL..I * %-ﬁ- gﬁ_«r....

81 + % o 53 4+ oo

= Z i&Y;

2 164
where 8; is the number of grammes of material with moleculax

welght !i

However & = Hiui where N is Avogardo's mmber.

w
Therefore the egquation for the weight average moleoular

weight can b2 rewritten es

L 1”1“12
K - Z ”1“1

The third average moleoculagy weight is the "Z% asverage
molecular weight and is defined as
3
M < Ezuz + N b + sooo

. BN
2 s HF

To define the aversge radius of gyration it is mneceasary to




consideor the macromolecule as a collsciion of unite of mass “1

each at a distance ® Lrem the centre of mass of the macromolecule.
Egquation 55 g:lveazo
the wolght average molecular weight since the limiting wvelue of Tl

at the intercept of the axis & msasure of

at the limit of zero conceniration is proporticnal to HZciHi

whexe C N is the concentration of the diessolved molecules of

molecular welght ili .

From this
[!C_ -zoi 5 1

o T Zoini =

Radiue of Gyration
The redius of gyration, R, of the masromolecule is then

Z4i”1’2

o
73
and the root-mean-squore-average, is
% Z Y
B =« ((2) = Aii )
8 R Z 1%

The radius of gyration can be related to the dimensions of

the molecular model.

For a spherical molecule R8 -

2
3D
20

a rod-ghaped 1ol 1932 -41-"3—

aped molecu s =13

and a coil wolecule R = ra
6

where D is the diemeter of the sphere, L is the length of the red

and » is the root mean squere end-to-end distance of the coil.
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Light-scatiering of large Particles
So far cnly point scatterers of light have been conaidered.

In many light-scattering experiments the particles scattering the

light have dimensicns which are greater than N .
20

For dimensions greater than this, several incident rays are
lieble to strike the particle. Fach of these gives a source of
scattered light. The light produced by these different sources
are likely to interfere with each other and thus caunse & diminmution
of the intensity of the scattered light at the various angles
(Figure 3).

The incident rays which are in phase at plane O strike the
particle at points Pi and P, . The difference between the dis:

J

ttances 0?15 and OP JA is greater than the difference between the

distances OPiB and OP 33' Therefore the 1light scattered by Pi and

PJ are more ot of phase in plane A than in plane B.

This results in & greater destructive interference of the
scattered light at plane A than st plane B and so the scattered
light will have a lower intensity at the angle & to the incident
beam than at the angle 0, .

Vhen @ « O, however, it will be seen that the path lengths
of the incident light and the 1ight cecattered from the points P,
and Pj are the same. At this angle no destructive interference

at all cccurs. It is impossible, however, to measure the

scattered light at this angle due to the overwhelming intensity
of the incident 1ight.
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The effect ovx the sime of the scattering particles in reduc:
ting the intensity of the scatiered light can be said to be a

function of P(@) when

P(8) = Intensity of scattered light in presence of
intemal interference

Intensity of scattered light in absence of
internal interference

or, alternatively

P(Q) = ig

)
where 10 is the intensity of light scattered at @ = O .

P(0) is unity for small particles but becomes less then unity
when the sise of the scattering particle is greater than -2%— .

In a particle in which destruciive interference occurs the
intensity of the scattered light is no longer symmetrical but varies
with © , the angle of cbservation.

The path length, 4A; , the distance travelled by the light-ray
%o the observer, has a definite value for each scattering point and
the differeonces vevween the distances gives rise to path differences
between the rays which gives internal interference.

Equation 5 gave the relationship for the field strength of

the scattered radiation Es

g 2 |
4R oV o“-E‘,‘einyl.coa 2R (‘ t- %) .0.00(5)
azor

E, =

and x = A3

2 2
47V B esin g o o Ai
B - =—o——de00s2 (Ve =0) | s7).

If it ic assumed that the particle has ¢ scattering points




and if the contribution {rom each scattering point is summated then

o )
E, = ét@ Es : )
4 oV ME 81n¢ Ai
o -2 - ;izgioszw(*t e "-i) -a..(,5.8.)

C T

I£ 7, ic the distance between the 3B ana the 3B

gcatiering pointa then it can be shown that

1 oo Bin}u'i
= j
P(Q) = 02141}:1 DT eess(57)
whnro}.a - %.sing ()\' - }/M)

Equation 57 gives an expression for P(@) in texms of the number
of scatiering points and in terms of the distance between each

scattering point. Therefore P(9) is a function of molecular shapc.

sin.p2
By expanding ;-;—}-‘-:u and only considering the first two
: B -
terms of the expansion equation 57 becomes
o
2

2
%P(‘” aat & ;ZZ e ceereecea(58)

It is neceesary to relate the value of P(Q) with the
radius of gyration, Bg, of the moleoule.
If the molecule is considered to be composed of mass elements

each of mase, H, and a distance r, from the centre of mass of

i i
the particle then
Lot g (59)
Be - ooeo 59 °
Z my ;
It can be chown that
" 1§ ¥ =

Rg — 2;21‘1 3-1 13 aovo(60)o




By intzoducing this relaticmehlp into (58)

2
°Z P(Q\ o == )%R 00-0(51)

@40

oiop(e)ﬂ1 -55535 29 ...(62).

This equation only holds ab mall values of a:ln -5 as it is
& limiting expression. It is not only essential {o extrapolate
40 sero angle, it is also necessary to extrapolate to zero comcen:
stration to avoid intermolocular interactions affecting the wvalue
of Rg.

This extrapolstion is effected by Zimm's method-od? 207

by plotting He against (sin g- + ko) where k is a comstant.
W

The final equation becomes

Z Ho ..
e=0 T = MP(Q):

2
161
.1—. "72"” in " ooe
- M ( 1 5 BX Bz 2 ) oes0 (63)-

The Zimm method consists of pletting the experimental values
of He  against (smz-g- + ke) at diffevent concentrations. The
coustant 1n the verm (sin° § + ke) 4o an arbitrery constant ohosen
so that there is a goed plot of the pointes on the graph.

By extrapolating the concentration lines to sexo angle and the
angular lines to sZero concentration, two limiting lines are obiaineds
one coryespending to the plot at zZero concentration and one to zere
angle.

The equation for the gero concemtration line is (6 3),




and tho sexo avgle line is

Bo\ = 1+ 2B + 306" eeee
( N oo K

When these two lines are cxtrapolated thoy should have the samo

intorcept on the Ho axis and provido information on the scatiering
D

substance at =ero concentration and st sero angle.

The particle scatiering facter, P(Q), can be ovaluated in terme
of melocular shapes and in fact provides an invalusble instrument in
molecular shape determination.

The simplest derivation for P(9) was for a rod-like molecule

anditmfeundtoboaos’zm
S | sinw , _ ,sin x,2
o) - X v o - (5=) cees(64)

VheTe X = 2 .ain.%.L and L = Jlength of the rod.

This integral has a known solution, and by expending the sine
to the second temm, a limiting expression is obtained

2
PO) « 1 - 3 ceees(65)

9
So for small rod-like pa:::t:l.clea.szo5 »208

(Fo = §[1+ F] e

* emall 208,2
If the particles were laxge ° 0

Q) = i;tg [1 = in 4 h}z; B ..JF 0es(67)

and as ?»:w - Hw
“n 2
He 1 (&= 2 2
— - s % ecoe veecns 68 P
&(?85‘;2 Eﬂ[ﬂ ' Oy RB’N ] !




From thie the wumber average molecular properties are chtairned.
The simplest result for flezible coiled moleocules was obtained
by Deby9199,210

formed a Congsian distribution

who assumed that the separation beiween each segment

PO) » (B) (g% + w = 1) ..ceu(69)
w

were ¥ = R eadp = L simd.

Similar treatments for coiled molecules yiclded2°5’213
when VW was lavge’

e, .-ii-(g- t ,anﬁ) verees (10)

Again mmbor sversge properties are obtained. - These treats
smente give aa idea of the effects of polydispersivity of the
psanples on the sero concentration line of the Zimm plet. At vexy
low angles, weight average molecular weighte and Z--aversge radil of
eyration are obtained, while at high angles, the scattering is more
due to tho smaller molecules. |

The asymptote to the limiting line is govermed by equations
68 and T0 for rods and coils. Hence a great deal of information
is obtainable from Ziwm plots.

Holtser, Bemoit and Dotyan’az

gave an idea of where the
various eguaticns should spply. Foxr light of a wavelength of
3,200 Z equevicn 66 held up to a value of the root mean squared
end-to~end distance of 800 2 and equation 68 when this value
excessed 3,000 : o

Peterlin= 47215 ortonded this relationship to include stif?




_b“u.

213

coils and Benoit' consi.lered the eifects of branching of the
coils on the equation for P(9) and showed that values of P(Q)
foll between those for rods and colls of the same radius of

gyration.

Dissymmetry Method
In the previous measurements of light-scattering it was

essential that the intensity of light scattered at wvarious values
of © were obtained to provide accurate extrapolation to zero angle.
Measuring the intensities of the scattered light at 45° and

135o to the incident beam gives & ratio which is called the

dissymmetry, 2 ,

39
If no internal interference is present , the intensities of
the scattered light at 45° &nd 135°would be the seme and the
dissymmetry would be unity.
However , in the presence of internal interference the
dlssymmetry is
135°

The dissymmetry can be measured alt various concentrations

and , by extrapolation , a value for zero concentration obtained.
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The value of the dissymmetry gives some indication of the
shape of the molecule as tables of P(9), 2 and the characteristic
dimensions of the particle are gvallable. Algo the value of
P 90° may be obtained from Z to enable the 90° ecattering to be
corrected for internal interference and the molecular weight to
be calculated.

The dissymmetry method, however, is more limited than those
which employ measurement of the scattered light at various values
of @ eince a medel for the molecular shape must be chosen. With
the Zimm method such a choice is not required.




SECTION 2.

LIGHT SCATTERING AND VISCOSITY STUDIES

ON GHATTI GUM FRACTIONS.
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LICHT-SCATTERING AND VISCOSITY STUDIES OF GHATII GUM FRACTIONS
Fractionation

——

While ghatti gum has been oconsidered a water-soluble gum there
has always been a certain percentage, from 10% to 25%, which was
not soluble in water. The insoluble portion on contact with
water swelled up into large opaque masses. It may be that these
insoluble nodules of gum were adulterants and not gum from
Anogeissus latifolia. It is possible that they were produced
by Terminalia sp. which produce insoluble gum and which are found
under the same climatic and geographic conditions as A.latifolia.

The ghatti gum was supplied by Evans Medical Ltd., Iiverpcol
24 and authentiocated by Dr. Fish, Royal College of Science and
Technology, by comparison with a genuine sample supplied by
Professor Bole, St. Xavier's College, Calocutta.

It was found that the best method for dissclving the gum was
%o mix the whole tears of gum with water and to stir this mixture
slowly at 20° for twenty~four hours.

Under these conditions the soluble nodules dissolved and the
insoluble nodules swelled up and most of thew could be removed
quite easily. The slow agitation prevented the masses of
insoluble gum from bresking up and made their removal much easier.

The resultant solution was filtered through Whatman Fo. 54
filter paper to remove any remaining insoluble gum, pieces of bark
and insoluble foreign material.
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The crude gum was the oalecium salt of an acidic poly-
spaccharide and it was necessary to convezrt it to the freec acid
foxm. This trensformation was carried out by either additicn
of 8 mineral acid to the ooluf:lon of the gum or by passing the
nolntio;z down a column of a etrong cation exchanger. The
conversion of oglcium salt to free acid was readily and comven:
siently followed by infra~red spectroscopy.

When the gum was in the form of the metallic salt there was

a single peek at 1600 og.”l

on the infre-red spectrograph. How:
sover when the gum was in the free-acid form thio became a doudle
peak. The part of this double peak at 1740 corrzespended motly
to tho absorption peak of lactones.

It was assumed therefore that the gum acid was present in the
lactone form. The infra-red spectra corresponding to the crude
gum and the free acid form of the acidic polysaccharide, ghattic
acid, are shown in Figures 4 end 5.

Two methods of fractionation were used in the purification
of crude ghatii gum.

In the fizet process the sciution of the orude ghaitti gum
was acldified by the additiom of hydrochloric acid to convert
ke calcium salt into the free acid. Sufficient acid was
added to moke the gum solution approximately 0.1 E.

The ghattl gum was then precipiteted by the additicn of
abaolutm_ alcchol. The resulting vhite precipitate was filtexed,

weshed with more gbsolute alecchol arnd redissolved in water.
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This golution was them put in dialysis tubing and dialysed
againet tap water for twenty-four hours to remove any inorganic
impurities.

After dialysis this solution was reduced in volume on the
rotary evaporator and procipitated with absolute alcohol.

This precipitation pfooeea was then xepeated for a third time.
The final weshed precipitate of ghattic acid was n&iaaolved in
water and the solution nsuiralised with sodium hydroxide solution
to give the sodium salt of the ghattic acid. The pH eof the
neutralisation point was previcusly determined from a small portion
of the dried sample.

This solution was then oconcentrated and finally dried in a
vacuum cven &t 35° over phosphorus pentoxide. This material
was known as Fraction 1.

A chromatographic fractionation of the crude gum was also
attempied.

The solution of ghatti gum was passed down a column of a
strong cation exchange resin (Zeo-Carb 225) to convext it to the
free zoid form. This solution of the ghattic acid was then
diglyzed and evaporated to dryness as before.

The ghattic acid obtained from this process (16.5g) was
dissolved in 175 mls. of water. When it was completely dim:
ssolved, 350 mis. of methyl alcohol were added to the solutien.

This solution of ghatitic acid in a 1 1 2 water/methanol

solvent was then passed down a column containing 450 g. of
gilica gel.
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Elution of this column with more of the water/mothanol solvent
gave 8g of moterial (Fractionm 2).

The water content of the solvent was gradually inoreased
and the column wa2 finelly eluted with 1 1. of water. This
process gave, after evaporation to dryness, 3.53 matexrial
(Fraction 3). The remainder of the material on the columm could
not be eluted with water.

The progress of both these chromatographic processes was
followed by r»eading the refractive index of the effluent material
on an Abbe refractometer.

Both fractions 2 and 3 were evaporated to small volume in the
rotary evaporator. The concentrated solution was then neutra-
3lised with sodium hydroxide to give the sodium salt of the ghattic
acid. The end-point of the titration of the acid with the scdium
hydroxide was determined by drying a small portion of each fraction
and finding the titration curve from it.

Finally the solutions of Fractions 2 and 3 were dried in a
vacuum oven at 35° over phosphoxus pentoxide.

From the potentiometric titrations the equivalent weights of
the fractions 1, 2 and 3 were found %o be 1750, 1800 and 2040
respectively and the values of the pKa 3.90, 4015 end 4.28

respeotively.
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All water used in the experiments was double distilled fyom
glasa apparatus. The second distillation was from a dilute

potassium permanganate solution.

Glass-Wexe
All glass ware was thoroughly washed with Tecpol and
water and then soaked in chromic acid. It was then thoroughly
rinsed with water and finally dried with dry acetone.

Chemicals
All chemicals used in the varicus experiments were
AnglaR reagent quality.
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lighi-seattering Apparatus snd Cell
£n gpparatve foxr light ecattering had heen constructed im

the department after the design of Parreira and Ottew:nlzl‘
and Robinscnl! (Figures 6 and 7 and Plate 1).

The light source in the apparatus was a 250 w. merocury
vapour lemp (Osram type ME/D) and the power supply to this lamp
was stabilised by a constant voltage ¢raneformer (advance 250 w.
type CUH).

The light from the lamp wes made parallel by using a system
of lenses and elits and the green line (5461 :) was isolated by
using an interference filter. The last traces of the sodium
light were removed by passing the light through a necdymium
glass filiex.

The parallel beam of light was then passed through two slits
2 mm, broad and 32 mm. high set 32 om. apart to define the beam.
The final beam which passed through the cell was 2 um broad and
26 mm. deep.

The 1light scattered by the solution was detected by am
eleven stage photemultiplier (EMI Tubs type 6097B) whose wvoltage
supply was obtained from two Siemens-Ediswan power packs, type
R.1184, operated in series. The area of the solution viewed
by the photcmmltiplier was defined by two slits 8 x 12 mm.
set 8 oms. apart. One of these slits was close to the curved
cell window and the other was immediately im front of the pheto:
smultiplier end window.
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The photomuliiplicr was mounted horizontally in a can en
2 broad Tufnol arm which was pivoted immediately beneoath the
centre of the csll. This amm lay on the Tufnol shect base of
the light-soattering apparatus and could be rotated smoothly and
quickly about the cell axis, to give readings of between 30° and
135° to the incident beem.

The signal from the photomultiplier was recorded by a
d'Arvsonval galvanometer and read on a 50 om. scale mounted sbove
the light-scattering apparstus.

To minimise fluctuations in signal the glass wall of the
photommltiplier tube was coated with silvgr paint, raised to
cathode potential and bound with parafilm.

Part of the incident beam inside the apparatus was lead to
a photocell (IEMI type 25110) end fluctuations in the intensity
of the light could be detected. A light-proof box surroundsd
most of the apparatus and is shown as a dotted line in Figure 6.

A new type of cell was developed from eszrlier deaimaa.
The previocus cells which allowed light-scatiering measurements
grom 45° to 135° were used to find the dissymmetries of various

solutions. However it was important in this case for the

complete envelope to be read so that Zimm plots could be construods:

sed. I{ wan necessary therefore to have a oell which would allow

readings of the scattered light down to low angles. With this
modified cell it was possible 4o obtain readings from the
gscattered light from 30° ) 135° to the incident beam.
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The cell was made frox a cylinder of brass 66 mm. high
and 50 mm. in diameter. In oxder to provide a long entrance
channel for the light the cell was made as shown in Figure 8.

Three eircular light traps 10 mm., 8 mm. and 6 mm. in
diameter were out in the back wall of the cell, This reduced
intermal reflection and cut down the stray light which would
affect the readings on the photemultiplier.

The exit and entrance windows of the cell were 4 mm. wide
and 38 mm, deep. The scattering windowwmas larger than in the
previous designs to allow rezdings at lower angles.

There was a long entrance channel so that the entrance window
could not be seen directly from the position at whioch the readings
were taken, i.e. through the curved window. This was necessary
to prevent reflection of light from the entrance window entering
the photomultiplicr and giving anomalcus resulis.

To remove internal reflections and stray light the whole cell
was blackensd by the Relanol process.

The entrance window was out from & microscope slide 1 mm.
thick and the large curved window, which covered both the scatter:
ting window and the exit window, from a glass tube 2 mm. thick.
The glass tubing hed the same intermal diameter as the diameter of
the cell. The latter window was made from thicker glass becsuse
it had to be fLairly robust.

The black surfece formed in the Relanol process was rcmoved
Irxom the edges of the slits, and the windows were attached to




Qe

the c¢cell by Areldite epoxy rosin. The cell was them cured
for twenty-four houra al 370. This low temperature was used
%o provent any excossive atrain onm the glass windows. The
Araldite joints formed in this way were very firm and completely
water~tight.

Thexre was a emall hole bored between the top of the cell
and the mtraﬁoo slit to prevent any air bubbles being trapped
in the cell during filling. For the samo resscn the roof of
the exit slit was slamted upwards towards the centre of the coll.

In the light-scattering apperatus the cell fitted into a hole
cut into a Tufnol stand. It was importent that the cell windows
should be exactly at right angles to the incident beam. Part of
the incident light was reflected from the entrance window and this
reflection could be seen on one of the brass plates in which the
8lits had been ocut %o define the heanm. The cell was xevelved
until the main beam of light and the reflected beam coincided.

In this position the entrance and therefore the exit windows
were perpendicular to the beam of light and the oell was in the
correct position. This method of positicning the cell was
quick, easy and i'eproducible.

Readinge of turbidity of the various solutions were made in
comparison with & Perspex block, by interchanging block and cell
in ocell holder mount. The block had been previcusly calibrated
by HoIntoehzw and MacFarlanéazo using Indox solutions. Immediae
stely after this calibration the turbidity of benzene was found
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%0 bo 27.2 i 04 x 10 %em.”t. Eighteen months later four
ropeat messurements on bengene gave 27.3 & 0.3 x 10 ca T .
This agreement indicated that there was no change, within
experimental exror, over the time pexricd in which the light-
sscatiexing results were made.

Tests on the light-scatiering cell with dilute ludox
sclutions showed that normalisazble envelopes were obtained
down to 30° to the incident beam after the molvent resding

had been subdtracted.
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Claxification of Light-segitering Solutions

+ wae wost impoxtant that the light-scattering solutions
should be completely free of dust. The presonceo of dust would
bave grestly affecied the inftensity of the scattered light and
given ancmalous resulis for the velues of the molecular weighto
and She other properties dorived fxom the light-soatitering
expeoviments.

Emch solutiocn was made from double-distilled water and was
filtered through & Ho. 5 cintered glacs gas filter until it was
clear.

Each selution was checked by placing the light-scattering
cell in position in the light-scattering spparatus snd inespecting
the soluiion through the viewing window at & swall sngle to the
inoident beam. Under these cozditicns any particles of dust
showed up as bright scattering points and this provided en eesy
and convenien? method for determining the olarity of the solution.

The sintered glasse filter was cleaned between cach soluticn
by potassiuvm pexmanganate snd concentrated sulpburic acid followed
by hydrogen poroxide and goncenmtrated sulphuric acid. The filter
was then »insced very thoroughly with dust-free dsuble~distilled
water. Dofore the next solution was filtered the sintercd glass
was finally minsed with a 1little of the solutiom.

The light-soatiering cell was cleaned with Teepol and watex.
I% was thenm thovoughly rinsed with water and finally dried with
hot acetonc wvapeur. The cell was alse rinsed with a little of
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the filtered solutiocn beforxe the bulk of the solution wes
filtored inte it.

The solution was filtered divectly into the light-sootiering
cell vwhich was always kept covered during 'the Liltration process
end during the actual reading with a cizcular brase plate. This
cover hed, like the inside of the cell, been trsated by the
Relanol process to avoid any intermal refleotions.

Seme eolutions were checked for loss im concentration before
and after filtration by the Hilger-Rayleigh interferometer. Ho
loss of material wen evident Lfrem these readingm.
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Depularisation
The depolarisation ration for the various solutions were

neasurcd by insexrting a polaroid dise between the photo-
smultiplier tube and the cell and measuring the intensities
of the horisontal and vertical components separately.

Since the Cgbamne'’'s i'a.crto:l.'zo2

was 80 close to unity and
would have mzde wexry little difference to the final resulis
the correction due to depolarization has not been applied.
However the depolarization ratios of the various systems are

quoted in Table 2.
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Refractive Index Increments

When light-scattering studies are carxied out on poly-
selectrolytes in salt solutiocns, some account must be taken of
the interaction of the simple electrolyte molecules with the
rolyelectrolyte moleocules.

When a polyelectrolyte is ourrounded by a binary system
there may be selective adsorption of one of the components.
Such adsorption would affect the polarisability of the molecule
and therefore the intensity of the scattered light.

Fhen the subscripts 1, 2 and 3 refer to solvent, pely-
selectrolyte and simple electrolyte it can be shown that

&n - én ) (sC
f t‘Ia"c'.‘,gl,3 %236; &, =
Strauss and Andar221 measured the quantity gf}_ from
8Cy Ps

membrane equilibrium results.

In most cases however it is possible to measure the
refractive index increment directly if the solvent and the
solution are at constant chemical potentiallos. This can be
achieved by dislyzing the solution of the polyelectrolyte in
salt againet the corresponding salt solution until equilibrium
has been reached.

The various fractions of ghatti were made up in the corres:
sponding salt concentration and put into small sections of

dialysis tubing (Vieking Dialysis tubing 36/ 32"). The tubing
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wes then sealed and immersed in the appropriate salt solution
for twenty-four hours with occasional agitation. At the end
of this time the solution of polyelectrolyte and the sodium
chloride eolution were at constant chemiocal potentisl; i.e.
there was no change in the values of d.n/ do on further dialysis.

The refractive index incrementa were read on a Hilgor-
sRayleigh interference refractometer using the green light of
mean wave-length 5461 : o

In this instrument two intersecting light beams fram the
gource produce a system of interference bands. When solvent is
placed in both sides of the ocell there is no displacement of theee
bands compared with refercnce set of fringes, given by rays not
pasaing through solvent and solution. However when one side
contains the solvent, in this case salt solution, and the other
the solution there is a displacement of the irterference bands
which can be measured.

From this reading the refractive index inorement was
caloulated from

da = @mA (for the 1 om. cells used)

de c

where n = number of bands displaced

A = wavelength of the light

¢ = concentration of the polyelectrolyte in
gus. /ml.
222

n was determined by Bauer’s &t al method by cobtaining
the gero setting with solvent in both sides of the cell. Then
with solvent in one side and the solution to be measured in the




other the balance points were located using white light. A filter
was then inserted which tranemitied light with a wave-length of
5461 Z and the number of bands crossing the field between this setting
and the sero sotting of the instrument was counted.
Foxr each system the dn/ dc of three concentrations up to 0.15%
wae calculated.

The dn/ dc readings sre shown below
TABLE 3

50 0,005 mEaCl.  0.05 HNaCl. 0.5 HHaCl.
Fraction 1  0.149 00139 0.137

" 2 0.148 0.143 0,138 0.136
" 3 0.141 0.130
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Desexipoion of Couetie Viscomevex

A Couctte viscometer was comstructed alter the design of
Ogston and Stanier2> (Flete 2).

A Hanovia constent speed motor (Engelhart Hanmovia type
SD 6/00763) was fitted with two pulleys 28" and 2" in diemeter.

These were comnected by a polythene belt to a ocorresponding system of
three pulleys on the viscometer. The dismeters of the pulley wheels
on the viscometer were 17/ 16" , 2" and 23" respectively (Fig. 92).

The power to the motor was supplied by a constent voltage trans:
sformor (Advance Compoments Ltd., Type M.T.267A) to the motor stebiliss
sing unit (Hanovia); the speed of the motor being varied by a 50,000
obm Fox helical precision potentiometer (Type PX4/H10).

By thes> means, the speed of revolution of the viscometer pot
could be accurately adjusted from O to 116 revolutiomes per mimute.

It wae also very constant at sny particular setting of the potentios
smeter. This gave & maximum shear wate for the apparatus of 76 soo-}

The viscomeier framework consisted of a brass plate (b) #" thick
which was supported on three 6" long brass legs. Two of these legs
had adjusteble feet mo that the whole apparaius could be acourately
levelled.

dbove the plate werse two 12" long vertical brass rods which
supported the viscometer head (e).

In the cemtre of the plate there was a hole 2" in diemoter.
Attached to the plate and concentric with this hole there was a brass

cylinder 2%" in diamcter end 4" long.
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ingido this oylinder were iwo sete of ball races (&) into which
the oylindor helder fitted.

The outer cylinder holder was a tube of brass which push-fitted
into the bearing assembly. It was 25" in extemnal diameter and st
the top it ocarried the three pulleys Jjust clear of the top of the
braes plate.

The cuter cylinder or 'pot’ was a brass oylinder 53" long, &
internal dismeter and 1" oxternal diameter. The clcsed end of the
pot was recessed and had a "Perspex®™ base so that the inner oylindex
could be asccurately contred. The inside of the pot was carefully
ground with emery cloth until it was very smooth.

The whole apparatus beneath the plate was surrounded by a water
Jacket 4" deep and 6" in diameter through which water ocould be
ciroculated

The visocometer head (c¢) whioh fitted om to the vertical rods from
the base plate was so designed that the immer cylinder could be removed
from the pot apd swung clear.

The viscometer head was composed of two horizontal brass plates
Jjoined by vexrtical platee.

Holes were boved at ome end of the brass plates to fit over one
of the uprights. At the other end two U-shaped cute were made so
that the other upright would fit imto it and could be held firmly in
that position by m' &b oorews.

There was an adjustable stop~riag on one of the uprighte which
held the viscomsior head in any pogition reguired.




The suspsngion wire to the bob ran through a 4" dismeter brass
oylindexr cn the viscometor head. The wire was comnected to & torsion
hoad (g)- The circular top of the torsion head rested on top of thie
oylinder.

Since it was imperative that the bob hung centrally in the outer
oylinder the position of the torsion head could be adjusted by three
sorews set at 120° to each other. These screws ran through the
viscometer head cylinder and clamped the torsiom hesd in position. Ry
adjusting these screws it was possible to move the position of the inmer
oylinder very precisely.

The torsion wire used was Mallory 73 Beryllium copper with a
diameter of 0.0045". Both ends of the wire were attached to small
brass rods /32 in dismeter.  These rods fitted into the torsion heed
and the imer coylinder and were clamped tightly in position by small
grub scrows. On the lower rod a small mirror was attached so that the
defleotion of the immor coylinder could be measured optically by the
reflection of an image projected by a Cambridge spot galvanometer ocutfit.

The inner cylinder of ‘bob’ (h) wes made from brass and was 58"
long. The lower 33" of the cylindsr was £" in dismeter and the upper
portiom was 2" in diameter. A%t the top of the oylinder there was a
vertical hole #" in diameter %o hold the lower end of the torsion wire.
The lower end of the bob was concave. This trapped an air bubdble
when it was immersed in the solution and so reduced the end-sffect.

The doﬂoct;on of the bob was measured by foousing an image

reflected by a2 mirror on the lowsr end of the torsion wire on to a




=108-

ciroular sczle. Thie had a radius of 50 cm. and an effective
lengik of 150 cms.

The sposed of revolution of the outer cylinder was counted
automatically. On the bank of pulleys on the pot holder was an
upright brass rod 18" high and 3" in diaweter. Attached by clamps
to the brass plate were an autcmatic counter and a light source
(Counting Instruments Lid. type 500). fhen the brass r»ed cut
the light-beam the rmevolution was registered on the countsr.

To determine the viscosity of a solution the pot was filled
with 25 mls. of the liquid and the bod lowered until the lewvel of
the liguid was just above the top of the bob.

The deflection of the bob was then measured at & series of
gpeods of revolution of the immer cylinder and the resulis plotted
to give straight linee as in Figures 21 ~ 24.

The relative viscosity of & solution was obtained from the
ratio of the deflection of the bob in the solution to the
deflection of the bob in solvent alone.
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Light-gcatiexring Results and Discussion

Light-scattering measurements wore mado om all three fractions
of ghatti gum in 0.5N sodium chloride; on fraction 1 in 0,058
sodium chloride and fraction 2 in 0.05N and 0.005F sodium chloxride
and in watoer. All the light-scattoring experiments were carried
out at a temperature of 20° 21,

The intensity of the scattered light was measured from 30° to
135° %o the incident beam. Zimm plots were constructed for every
system and theso are shown in Figures 10 - 16. In the Zimm plote
C is the camcentration of sodium ghattatein g/ml. and SO ie the
intensity of the light scattered from the solute at an angle ©
to vhe incident beam.

Zimm ploto are useful beoause the variocus resulis are extra-
ipolated to zerc concentration and to gero angle. From the twe
lines obtained from these extrapolations various physical characs
steristice of the solute can be determined.

The equation of the gerc angle line is given by equation &2
and the equation of the sero comcentration line is given by
oquation 63.

The values of (dn/ do) were made at comstant chemical
potential as described by Vr§ and Overbeek'“°,

The intercept of this line is slso ,i!_-_ and from the ratie
w

of the slope of the line to the intercept the Z-average madius of

gyvation can be calculated from the equation
Slope . 16T° Bgi. (—)-':---)2
Intercept 3 &
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TANLE 2,
DATA FROM LICHD-SOATTRHING MEASURGHENDS

Practicn Solvemt  S0/0 306y, ng, (8) 10 L(d) 2w

0.58 KaCl 0,137 2.1 727 4 2520 0.017
0.058 FaCl 0.139 2.1 ga1 10 2840 0,016
Q.50 Hall 0.136 2.2 768 4 2660 0.027
0,051 HaCl 0.138 3.3 873 © 10 3020 0.027
0.005H Hall 0,143 2.T 1005 41 3460 0.020
¥ater 0.148 2.7 1061 260 3680 0Q.048
0.50 E=Cl 0.130 2,6 740 2 2560 0,033

# - by dissymmetty method P -~ dgpolaxization.

L\IMQN-&)HH

Tha fraction preparsd by alcohelic precipitation hss theo
lowset molsculor woight of all the frecticna,

For fraction 2 there is considerable variation in the meolecu:
slar woighte as determined in varicus solvents. It is possiblo
+hat this variation in My may be due to cerxiain inaccuracies
inhoxent in the Zimm plot method for determining moleculay woigat.

Ssveral mth°m211,224,225

bave ahown that the exrore in the des
stermination of My can be as high es X10% and thees estimates
havo boen based on & stuly of equation %55  whon pariicles saall
evough for P(8) to be teken as wnity bhave beem used.

Tn the Zimm plot method the angular values of (-’EE,‘-’:)G miet be
oxtirapolated 40 € = O and the peoinie thus obtained must again be
axtrapolatod o € = O <o obitein & value of Mw. This double
extrapolation procedurs way incroase the potentisl porcentage

SrXToT appreciably.
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Az the concentration of salt decreases the radius of gyra:
42452,54455

stion incresses and this is noxmal polyelectrolyte bekaviour g
This means that as the salt conconiration is decrsased the molecule
expands and the radius of gyration inocreases until a maximum value
is reached in water. At this point sach molecule is fully ex:
tpanded because of the electrostatic repulsion between each of the
polar groups.

On addition of electrolyte the repulsive forces between the
charged groups on the macromolecule are decreased and the macro:
imolecule contracts with e corresponding decrease in the padius
of gyration.

The radii of gyration cbtained for all the fractions are
reasonably consistent and it may be that the valuss obtained for
ths radii of gyration have lower limits of error than the values
obtained foxr the molecular weights of the various fractions, since
the radili of gyration are obtained fyrom the ratiocs of the limiting
slopes to the intercepts. It may be that in such a calculation
where experimental or graphical errors affect both parts of the
ratio some cancellation of error occurs.

For fraction 1 in 0.5N scdium ohloride and fraction 2 in
0.5F sodium chleride and in water the moleocuvlar model which fitted
the limiting zero concentration line was calculated. Using the
observed Rg values calculation of the particle scattering factors
for monodisperse rods and coils and for coils with a molecular
weight distribution l(z ] ll' ] Kn of 3 8 2 ¢ 1 were made.
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The particle scattering factor, P(8), of a solution is
given in the introduction, eguations 64— YO weve vsed.

Since the radius of gyration is known for each system the
particle scattering factor at each angle & can be calculated and

from this the theoretical value of(-%,c--)o from

(,Z E -
T/ Ce0 " HP(Q)

This then gives tho theoretical zorc concentration line for
s monodisperse rod, i.6. liz = l' = ln, with the observed radiue
of gyration.

For monodisperse rodc g

x =« 2.min. b
%
vhere L 1:; the length of the rod whioh can be caloulated frem
Bs® = ¥ . From this, P(0) and therefore the theoreticsl
scattering at each angle & can de calculated to give the zero
concentration line for a system of monodisperse rods with the
obesrved lengih.

The iine for the monodisperse rods gave the closest £it to
the expexrimental line for all the models investigated. However
there was not a pexrfect amement between the experimental line
and the caloculated line for momcdisperse rods and so the effect
of polydispersity of the molecular woights was investigated by
using Reichmann's treatmomzzs.

The equation for P(Q) for rigid rods is given in eguation &4,




113~

there X is small 1/ P(@) can be expresssd as

2
Eoeaes
B(e) 9

and thorofore
Hy e 22
oo ~ (1 ¢ B e (66)
This squaticn holds @WPH#. to a value of X, = 1.5.
For the upper part of the limiting line approaching ths
esyuptoto wiere emaller molecules meke & significant oonmtributicn

to tho scatiored light and if*w » Ky then
Ta §a

S =
= 1 2 o+ 2n
Teao (e %)
This eguation gives suitable resvlis for values of Ta dowa
toxXn =« 2.
However its ugsofulnes can be inorvased if the series is

expanded gad the higher toims are included.

R YR E B T M Bl 80T
Too = B R TR, W,

Toots ahowed that {this equation was valid down to the values
of¥n = 1.5

Ginmco My and Bg, and therefore L and %, wore dizectly
dotorminable from the Zimm plots eguation 66 was applisd o the
results up o a velue of ?'E” = 1.5

is light-scattering mossuremsnts could not be made at high
encugh anglos to indicate the asymptote o the limit:mg‘of tke

Zimm plot, couation Tl was used by successlive approximation.
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From the Zimm plots the tg" and L, values of the molecular
waight and the lergih of the »od wore known. Thexofore by assums
sing a8 cortain ratic for the molecnlar woight distribution
Hy 2 ¥; s My and therefoxe Ly ¢ L, ¢ I, the other rvelated molo:s
soular woight values and lengths could be calculated.

in this wey by starting from the monod:lppem casgs whers
iy = M, = H, and Iy = Ly = Iy, cases of incressing pelydispersity
wsre ccungidered until the theoretical mero concentration lire for -

polydispexso rcde which moat closely approached the ameﬂmnﬁal
line wes obtsined.

TABLE 3.
DISTRIBUTION CGIVING BEST FIT 70 LINITINC LINE OF ZIMM PIOT
Fraction Solvent I.-z 8 Iw g Lh
3 0.5 EaCl 1.2 s 1.1 ¢ 1.0
2 0,58 HaCl 1.2 2 1.1 ¢ 1.0
2 Water 3.0 ¢ 2,0 ¢z 1.0

From these calculations it was clearly shown that a red-like
molecule gave the best fit for the expsrimentel remulis,Mlguxe 17.
Thie indicsied thaet a rod model was the most probable shaps for
the macromolecule although some deviation {rom a perfect rod shape
could he present.

The deviaticna between the best theorstical line and the
orperizenial line may be dus to various other characterisiics of
the macromolecule other than polydispsrsity. The effects of

brexching of the molecule or a certain degree of polydisporaity
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in the thiclmess of {he macremolecules moy account fow the fact
that the £it is not pexfect.

The rod-like shaﬁe suggestsd by the method above for the
macromolocules was naintained when the solvent was changed from
0.5 sodium chloxide to water although an apparsnt change in the
dogroe of polydispsrsity of the molecules has ocourred.

In O.5H sodium chloride both fractione 1 and 2 had & sur:
sprigingly narrow molecular weight distribution My 3 M, of
1.1 3 1.0. However in water thie distribution appoared o be
2.0 s 1.0,

This phenomenon of a change in polydispersity may be connected
with tho contraction of the molecule on addition of simple deoctyro-
slyto. in weter the macromolecule is fully expanded. However
in concentzrated ealt solution the molecule becomas comiracted.
Posoibly the lawrger differences in the varicus molecular lemgtho
in water are masked and minimised in concentrated sali solution

“o give an aqppevently naxrower distrxibution.
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Visconity Resulls and Digcussion

Viscozitly experiments wore ocaxried out om all three Lfraoticasn
of eodium ghatinte with the suspondsd level dilution viscomcter
and the Couetie visccmeter. The viscosity experiments wero
carried out at a temperature of 20° £ 0.01.

In the former, fraction 1 was studied in 0.005H, 0.05H,
0.5H, 2.0H, in iso-ionic dilution end in water; fLraction 2 :I.n
0.005H, 0.058, 0.5H, in ieoe=-icnic dilution and in water, end
fraction 3 in water. The graphs corresponding to there are
shown in Figures 18 - 20.

in the Couette viscometer fraction 1 was etudied in 0.005E,
0.,5H, in iso-ionic dilution and in water snd fraction 2 in 0.C05H
and 0,58 sodium chloxide. The results cbtained from these systems
are shown in Figuros 21 - 24, The reduced viscosity was calous
slated from the Couetic results and the veluves cbtained are shown
in {he various graphs. Good sgreement between the values of the
rveduced viscoaity fxom the suspended level and the Couette viscos
smeter was oblained.

Both fraotions exhibited Newtonian flow in the range of ccus
scentrations examined in the Coustte viscometer up to the maximm
velooity gradient obtalnsble in the insbyuzent of 76 sse. ™ .
S8ince the capillary viscometer wae the more precise instrument
it was vsed for the remaining éxperimezxta. The average
velooity gradient for the osplllary viscomeler used was

1310 sec. T,

f.
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Since the xeduced viscositleas of the solutions agrecsd Lram
the Cousite gnd the suspended level dilution viscometer vesulis
then 1% is ovident that the eolutions exhidited Howtonian f£low
over the range of wveleclity gradiemis studied.

The viscosity of the various fyactions of sodium ghattate
decreased with increassd simple electrolyte concentration. This
bhas been shown to be normal polyelectrolyte mﬁm‘l?,52,54g55,121°
According to Fuoss the peculiax physico-chemical properties of poly-
selectrolytes avise from the high-chaxge demsity and the flexibis
21ity of the mecromolecular ckaln atmucture. Since the viescosity
of any eolution depends om the dimensions of the molecule, any
decrease in aise, as happens on the addition of simple electrolyto
to a polyelectirolyte solution, has the effect of reduocing the
viecosity.

The ZQ against concentration graphs for the fractiems in
water a.llcahomd a distinot rise at low comcentirations. ‘This
phonomenon hes been shown in general for polyelectirelytes and in
partioular 1 for sodiwm arsbate solubicns or,

The reason for this particular result is that when ne simple
eleoctrolyte io present in solutions of polyeleotrolyte the only
nobile iona present are the ccuntex-icne of the macromolecule.

&g the concentration of the polyelectrolyte decresses zo the
concentration of the counter-ions and the ionic strength fallz.
Thiz decreass in the ionic strength causes an increase in the

size of the polyelectzolyle.
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As woll e a decxeosse in the icnic strengtk having an
offect an the visoosity‘of dilute polyelectrolyte solutions it
may be that in such solutions the maoremolecules are o expanded
4that the concenmtration of the macromolecules may have an effect
on the coafiguration.

" Schmeider and Dotym plotted the viscosity imtercept L7]
against /5% where N wae the normality of the added salt. The
straight line graphs obtained by this procedure ococuld be extray
spolated to infirite iomic strength i.e. where WE¥ o 0, At
this point the molecule could be treated as being completely
uncharged.

From Figure 25 the viscosity intercepte at infinite ionic
strength were 112 and 94 ¢c/g for fractions 1 and 2 respectively.

The high values of these intercepis indicated that the macro:
tmolecule was either highly agymmetric, highly solvated or both.

Water-vapour absorption studies have been usedo2! to deters
smine the hydration of macromolecules. The watex-vapour
adsoxption studies on these two fractions of sodium ghaittate
indicated that the hydration in g.water/g. sodium ghattate were
0.8g/g avd 0.18g/g vespectively for fractions 1 and 2.(mee
Section 3).

Simha's chape factor was caloulated for
two conditions, when ¥, Wag ZCroe and for the values of Wy
detexmined by the water-vapour abecrpiion studies.

It was gppavent that with this lewel of hydration the
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Ae=iation of the viscomity intersaepts from thoe Mnstom%’n
value of 2,5 wvas duve Vto the agymmetry of the maocromolecule.
Since, from the light-scatiering experimenis the most probable
shape for the sodium ghatiate moleccules was & mod, the viscooity
results were imterpreted on this dasis.

Mehl, Oncley and Sdmhaao showed that, for prolate ellipseids,
vy, the shape factor could be calculated and tebles of these shape
factors were pblished. Since the light-scattering resuits gave
L, the lengih of the rod, it was necessaxy to comvert the ratie,
%/b, used by Mehl, Onoley sud Simha, into the zatio /a where d
was the diameter of tho rod.

This was done by the preocedure adopted by ’Emfoxdaza.
éince I = 22 and ﬂfﬁ . a8 by solving these two equations

A
Por a and b, it could be shown that

& T s
-.B-' & (0.6666)“‘"&‘

Since the molecular walghts were Imown from the light-secatier:
sing data, the densities and the values of hydration of both
fractions bad been memsured (See Section 3 ), it was possible %o
determine .the volume of the molecules.

From these wesults and the viscosity experximemts it wss
possible to obtain the moleculer dimensions from Simba's
relationship, (P.32)




By = 0.0 (frection 1)

Praos  Goluto W, = 0 ¥, = 0.19 (frection 2)

dtion demsity P a/ a &/ 1 a
1 1.52 49,0 2190 37 43.4 2160 4
2 1.54 44,5 2220 41 8.5 2190 47

The lengths and dismeters axe given in zngstm.

The densities of the two fractions were determiped by displace:
mment in dry dDensene.

The lengths of the macromolecuies obtainsd by the light-
secattering exzperiments for the various salt concsntretions were
graphed ageinst 1/ Bé whore ¥ was theo noxmality of the added sali.
The veluves of the lengths of the rods et infinite ionmic strongth
were found by extzepolating the graph to /0 = 0. Tho lomstho
of the maczomolecules for fractions 1 avd 2 wers 2500: and 25802
respoctively.

The lengths of the macromolecules as obtainsd from the light-
ssoatioring and the viscosity results show zemavkadly fair agrees

iment with oach otherx.
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Expanslion of the Molecule

In water the graph of 152 against concentration curved
upwards as the concentration decreased. This is typical poly-
selectrolyte behaviour and has been observed for other polyelectro-
:lytes in water.The intercept of the graph can be determined52 by
plotting %sp against 6%0 This was done for two fractions of sodium
ghattate and the intercepts for fractions 1 and 2 were found to
be 2600 and 2350 ml/g respectively.

As has been shown from the light scattering results , Rg
increasdé with decreased salt concentration. The increase of Rg
and [71 with decreased salt concentration can be taken as a measure
of the expansion of the molecule.

179,184,185

Pals and Herman , using the sodium salts of pectin

and carboxymethylcellulose in aqueous sodium chloride solutions

showed that the expansion factor,¢l{, was related to the intrinsic

!

viscosity as[ﬁo = 0(.2 where [ﬂo was the value obtained by extra-

tpolation to infinite ionic sirength.

Schneider and Doty 188 studied sodium carboxymethylcellulose

by light scattering and viscosity methods in various salt solutions

and showad from the light scattering that
2 Rg2
ol il - i

Rg

(o}

where Rgo was the radius of gyration at infinite ionic strength.
The exzpansion factor , o< , was calculated for the various
fractions of sodium ghattate from the viscosity and light scattering

results by the methods described above.
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TABLE 9.
EXPARSION PFACTOR, o0, AT VARIOUS SAUr CONCENTRATIONS

Hoxmality, HaCl. 2.0 2,5 0.05 0.005 0.0017

Fraction 1 (Viscesmity) 1.01 1.04 1.18 1.46 1.69
1 (Lignt-
scattering) 1.04 1.17
2 (Viscosity) 1,04 1.18 1.47
2 (Light-
scattering) 1.03 1,17 1,34

There is, in gemeral, oxcellent agrsement betwoen the expansion
faotors calculated for each fraction from the light-scattering and
the viscosity xesulis.

Although fraction 1 has a higher charge deneilty then fraction
2 the expanaion facter is very similar for both fracticns.

Sohneider and Doty foumd ol for sodiuvm carboxymethylcelluloss
from their light-scattexring and viscosity oxporiments but the valuss
obtained by the dwo different methods did not agree. The wvalue of

ol in 0.01 ¥ sodium chloride from the viscosity vesulis was 1.73
but from the lighi-scattering ol was found to be 1.335. Schneider
and Doty suggested that this discrepancy in the results was due %o
the fact that the Trictional constant depended on the state of expan:
soion and that thoe eguation relaiing the radiue of gyration, intrin:
:gix viscoslty and expansion factor implied that the friciional
constent remeinsd constant throughout the range of oxpansion sivdicd.

For & red-ghaoped molecule B,gz is propoxiiomnal to L2 and %o
hﬁé for a coil where hees is ths sverage end-~to-end distance of

the coil. Tharefore o compexisor of results at low iomic stremngth
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chould lead to a measure of ©( Lor the rod-shaepsd molocule.
However, for a coiled-up moleculo, like sodium carbozymethyl-

aoelluloso, [7] is proportional to eé » 80 that the ratic
of 3]- should yield of for this type of molecule. (P-32).

A recaloulation of Schneider and Doty's results showad that
3/[?_ gave a value of o/ in fair agreement with that obtained
o

from their light-scattering data.

However, for rod-like particles, Simha's relationship between
the shape factor v and the axial ratio a'/b can be genexalised in
the range of axial ratioa of interest here taz"‘)9

1.
v =« CONSTART. (%) 8

whero g is the major and b the minoer semi-axis.
Since {7] je directly proporéicnal %o v , it was expected that

0(. would be obiained from the %_]T ratio, if the molecule ware
rod-1ike. However, within the lim:ta of experimental error,

of 2 was obteined.

This disorepancy bveiween the indices can be coxpleined if

%1.8 is considered to he the lowsr limit for a rod-like molecule.
It would be expocted that during s molecular expansion process the
length, L, would increase but that the diamster would, corresponds
singly, deorease. It was assumed, however, in the above discussion
that when L increased, d, the diameter, remained conatant. The

1.8
oxparsion, therefora, should lead %o & higher wvalue than ol .

2
Tn fact ©{ was obtained and thic agreed with the light-

iscatitering data.
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it would be eirotching the resulis too far to attempt a oal:
sculation of the degree of thiming of the molecule. This, of
course, may not be the ocnly favior affecting such & ratio. It may
be that tho charged groups present on the side chains cause the
sido chains %o swing out during ionisation.

I% was shown by the light-scattering results that the sodiuvm
ghattate molecules were rTod-shaped both in sodium chloride soluticns
and in wator. There was a consziderable increase in the lemgth of
the sodium ghattato molecules from infinite ionic strength to water.
The length of the molecules in fraction 2 at infinite ionic strength
was 2580 2 and in water 3680 Z . It would appear from this that
a certein smount of flexibility is present in the atructure of the
godium ghatieie molecules.

I% i3 poseible that this rod-like molecular shape is maintained
when the molecule is fully oxtended by electrical forces and that
the unionised side chains aid this eleotrical effect by osusing a
stiffoning of the galactose Tramework.

As wan shown by Veir and Eggenborgsr the contracticn of the
gum aregbic molecules is hindered by the agze of the monoszccharido
units in the moiecules. Carrageenin was suggested to have an
extonded brnﬁched stzucture which was flexible in ite major azis.

It ceoms obvious that the himdering effect of the meonc~
ssaccharide units on contraction will be the same for ghatti gum

molecules as it is foxr gum awvabic.
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Howaver the ghatti gur wolecules also have a branched structure
cimilar to that suggested Lfor carragesmnin, Thus, while a rof-
szhaped molocule fits the experimental facts, at high salt concent
stration the main {ramework of the macromolecules mmst be highly
kinked. Possibly under these conditione the side chaine bunch
ﬁogethér and help to stiffen the molscule.

On decreased salt concentration the molecule expands and the
incrense of electrostaiic interactions will stiffen the structure
of the molecule and so the rod model for the macromolecules will

apply.
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Sccond Vizigl Coefficient

The value of the saecond vivial coefficient, B, was cobtained
at infinite lonic atrength by graphing the values of the ssconu
virial coefficients cbtained at the various salt concenmirations
ageinst 1/ n0.73 where ¥ - nommality of the sodium chloxide.
Thie gave a convenient straight lins plot.

At infinite ionic strength the counterions should be held
close to the main part of the molecule amd %he charge, Z, does not
contzibute to intermolecular interactions. Under these condis
stions the second viriel ccefficient is a function of molecular
shape and sige only.

The equation for the excluded volums of rod-like particles

230

hasa deen deteormined by Zimm and from this the equation of the

2

second virial coofficient was found a $0 be

LVa - Ly

B = i ;?- senasesiTR)

waere V iz the moleculsy volums. The lengths of the macromole:
sculos as determined by the light-scattering oxperimente were
used in the caleulstions.,
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PABLE 6
CALCULATED AND OBSERVED SECOND VIRIAL COEFFICIENTS

Normality Fraction 1 Fraction 2

10°B 10°B

(1) (a1) (a11) (1) (12) (311)

Infinite 3 2n 3 2%
0.5H NaCl 4 15 4 16
0.05N NaCl 10 154 10 163
0,005N NaCl. 1540 41

(1) = oxperimental

(11) = ocaloculated from equation (72)
(ii1) = calculated from equation (73)
# caloculated for unhydrated molecules.

I% can be seen that in the uncharged state the values obtained
for B agree reasonably well with the values obtained for a rod-like
molecule with the dimension determined by the light-scattering
experiments. This is particularly true since there are large
errors in the experimental determination of small values of B.

As the ionic strength decreased from infinite ionic strength
the values of the second virial coefficient increased. When the
ionic strength is decreased the shielding effect of the simple
eclectrolyte in the solution of the polyelectrolyte also decreased
and this would result in mutual repuleion of the macromolecules.

Donnan-like conditions should be approached where the counter-
tions are distributed between the ionic atmosphere of the macro-

smolecules and the solution. An equation for the second virial
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coefficiant Lox such conditions is given by Tc-mfordesa
10007°
B v: “aeoevan (73)
4 n”na

waone Ms is the molality of the scdium chloride and Z is the chavge.

The Donnan terms were calculaied for the various fractions of
godium ghattate (Teble 6 ) and were found to be comsidersbly
larger than the observed secand virial coefficients.

This waes also noticed for sodium carbomatbyloelluloaoma
whexre the Domman texm was founmd to be 2 ox 3 times greatexr than the
obsexved values of the second virial coefficients. For scdium
ghattate howover the Donnan term was 4 to 40 times greater.

This greater difference between the Donnan texm and the
cbsexved valne for sodium ghattate and for sodium carboxymethyl-
scollulose may he due to the much lower charge demsity of sodium
ghattate than that of sodium carboxymethylcelluloseo. I% probably
indicates that a fair amount of iom-binding occura even in dilute
salt solutiong.

The mesult of this lon binding would be to neutralise socme of
the macromolecular charge to the other large ions. However, as
wao already shown by light-scatiering the molecule expands as the
ionic strength docreasos and mo local shielding of one part of the
macromolecule from another camnot be complete.

Sodium carboxymethylcellulcse, which is a coiled molecule,

will occupy & much laxgor spatial volume im solution than the
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fairly coupact rod-like sodivm ghattaie molecule, although sodium
ghattate have a molecular weight about five times greater.

Fronm this it would be expected that mmch smaller interforenced
would be expscted and this is veflected in the second virial
ocefficient of modium ghabtate being sprroximetely /30 that of
sodivm carboxyxmethylcellulcse.




SECTION 3.

WATER VAPOUR SORPTION,.
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HWATER-VAROUR SORFIIOW
17
introducticn 233-238
The eCeorption of wator-vapour has boem etudied for proteinn

and for Lecithin and relstod phosphatideo=2172%,  For proteins

it was suggested that there were two types of hydrophilic groups
capable of hinding water through hydrogen bond foxlation-d0, Tiese
were the polar side-chains and the oxygen and nitrogen atoms associa:
sted with the poptide linkages. For locithin and the zelated phoss
sphatides, lyeolecithin ard cephalin, it was suggesfted that tho polar
head groups of the phosphatides were principally mesponsible for the
adsoxpiion of the watexr molecules.

It is posaible from the graphs of the agount of water sorbed
against the vapour pressure of the system vo obtain the valuo of
the amount of water adsorbed in a monolayer and soms measure of the
thermodynamics of adsorpticmn. It is also yossible from tho
adsorption isotherms to coblain come idea of the type of adsorption
which takes place.

Brunsuer clagsified the five main types of adsorption isos
sthorma. The two main ones were the Langeuir and the Brunauer,
Eumott end Toller edsorpbion isothorms—or,

The Lengmuir isotherm was characterized by a gradual increazac
in the smount of water adsorbed with inoreased walexr vapour
prossure until & maximum was reached. At the maximunm it was
agssumed that a monoleyer of wator molecules hzé been adsorbsd

and that ne further adsorpticn teok place.
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The Brunsuey, Emmett and Tellsr (B.E.T.) 1sothem24l W,

at low partial presgures, essontially similay to the Langmair
edsorption imothemm, in that a monolayer was formed. Howsver,
in the B.E.T., the edsorpiion procesded fuxrther than monolayer
elworption and subsequent layors of sorbate had to be considersd.

In the dorvivation of the Lengmuir edsorption isothorm the
rates of adsorpiion and desorption of the sorbate on the sorbent
are balanced and this same spproach is used for the B.E.T. except
thet a balance between the varicus layers ie conmidered. Sirce.
in the B.E.T. isotherm; ssveral layers axe Mﬂ it is pomeible
%0 consider each adsorbod layer as in the langmiir adsorption
dexivation.

The finel ogquation for the B.B.T. isotheram is

x = 2 > C=1) x
a,zlm 1:5 (2.::1 c.,a.l

in which X = 3% = Yelative vapour prosaure
c = BoEoTo cmtmt

and. By monolayer capucity.

From the graph of alp - po) where a was the amount of

wator adsorbed it wes poseible tc obtain -é%-;l from the interceopt
and -“4&33!’-- from the slope. From these two relsticmshipe the
i °

value of &y and C were dexived.
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Apperetys

Tho apperatus provicusly Qescxibzd for the adsorption of
wator-vapour by ;;amssp:m:r:i.tl.eml"z27’239 was modified.

Approximotely 0.4 g. of tho threo fractions of sodium ghatiante
woxe placed in thres sample tubes of kmown woight which fitted into
wells cut into a thick bress plate. Thie plate rested on & grLand
suppoOTs 3 cms. high at the bottom of a wide-mouthed glass botile
(Figure 26). A 2 cms. layer of the sulphuric acid solution waes
placed in the bottom of this bottle.

The bottlc waz comected to e threec-way tap which allowed =2
vacuum to be applied gently to the samplea.

The sulphuric neid solution and the sodium ghattato eamples
were outgasced at o pressuxe of 0.01 mm. for two hours. During
this process the botile was cooled im a carbon dioxide/acotono
mixture and occaaipnally sllowed to regain room temporaturoe.

Adsorption experiments wore started with samples which had
béen dried in a vecuumn oven and outgassed and the desoxpiion
experinents with samples which had been ontgassed and placed in
contact with saturated wator vepour for forty-eight hours.

Tho whole spparatue wss piaced in a thermostated water-bath.
The aidsorplion ard desorpiion rune were carried out on all fracticns
at 25° and 40° (€ 0.01%).

The chango in ml&tim vapour preazure during the adsorpticn
end desorption rups wzs effected by changing the concentration of
the sulpinric acid solution in the flask.
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The sgmples wexe voighed threo times every weeik until their
woighte wera comstant. Tho concentration of the culpluric acic
solutions was detormined by titration with sodinu hydwroxide selus
stion after oquilibriuwm had been roached. The concentration of
the solutiony was couverted to relative vepour pressurs for tho
25° exporimemte from Stokes and Rebinoen> 2 and for the 40°
oxperimento £rom Intornational Critical Tables +o,
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Rogults and Digcunsion

The adsorption and desorpiion isothorms of the mmber of
gremmos of water soxbed per 100 grammes of matoriel (a) against
the relative vapouxr precsurs of the system () were drawn for
all three fractions at 25° and 40° (Figures 27 =, b and e).

Fo hystexeais loops wore oboerved for ony of the samples at eithexr
temperature.

I% was noticed that each semple of sedium ghattaie sdoorbed
moTe water at lower velative vapour preassure &t 25° than at 40° ‘
but at higher vapour pressuves more waltor was sorbed al 40° than
25°,

Good B.E.T. plots were obitained Lfor each sample at bolh
temperatures delow a value of 0.4 for x=. The B.E.T. plots were
obtainad by plotting a‘ﬁi_:_p) egainst =,  These ave showm in
Figures 28 a, b and ©.

From tho slopes and the imtercepts of the vericus B.E.T.
graphs at the different temperaturee the values of C and aywero
calculated for each sample (Table 7). C was the B.E.T. constant
and &y the amount of water edsorbed in the first monclayer.

The values of 2, and &g o tho smounts of waiter adsorbed in
the second layer and at saturatiocn respeciively, were determined
Yox both temperatures by plotting the values of -g- egainst X
{(®gures 29 a, b, ¢). The valuos of 8, were determinsd from

tho minims of the curves and the values of &, from the intorcepis
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on the a/x axes a% X « 1.0. The weluss of 8y and By for all

freotions at both temperatures ave shown in Taeble T.

TABLE 7
HATER _VARCUR _SORPTION a,
8 2, 3, c_ poles/poler group
Fraction 1 25° 7,69 1;35 19,70 13.0 7.13
40° 6,58 8,99 36.75  4.75
Froction 2  25° 7.66 15.44 18.75 12.3 7,80
40° 7o35 130,08 39,30  4.39
Frooticn 3 25° 7.50 13.77 18,00 11.80 7e73
40° 7.95  9.00 45.00  5.09

At 25° the value of 8n ‘for all fractions was approzimately
twice the value of a, and the value of o , a8 approximatoly 2¢
times the valus of 8y o

The valuea for the number of moles of water adsorbed pex
polar group of sodivm ghatiate were caloulanted and are shomm in
Table T.

Iu general there is 1little difference beitwesn the thrse
fractions in tho amounts of wator adsorbed in the Livet layor,
although frastion 1 has the lowsst squivaleont weight. By
analogy with the sorption of water vapour by proteins and phos:
sphatides, it could bo expscied that tho polar groups would be
2osponnible for edsorpiion, cnd thero is also the posaibility of
interaction with the hydroxyl groups of the sugay residuss in the
macreuolecules. The thermodynamics of sdsorpticn givee aome

aid in the differentiation of those offscis.
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The differential heats and entropies of adesorption were
calculated fxom ths various isotherms. In theoalculation it
wsa assumed that the value of AH » the differential heat of
adsorption, varied linearly over the temperature range 25° o 40°.
The thexmodynamic quantities were calculated for each fraction

from P
( 83in(=)

AT « B -~ & =
H H, = 35 TF—_-E?—;) i,,xv "

and AT = § -5 -,}.—[A‘i‘ wm'm(f,o;]
where -B"‘s and § , wore the parxrtial molar onthalpies and entroples
of the sorbate, ?'1 and E‘ wore the molar enthalpies and entropies
of liquid water aend Nl and 32 wore the number of moles of sorbate
and sorbent respeciively.

The values of AH and AT were plotted againet a for
each fraoction (Pigures 30, a; b. ¢ and Figures 31 a, b, ¢).

It was no’’iced from these graphs of A H ageinet o that the
adsoxrption of water by the various fractions was an exothermic
»eaction at low values of a and endothexmic at higher walues.

Similarly the entropies for all thres fractione at lower
values of a Wwerse negative but positive at higher walues.

This implied that, during the initial etages of water adsorption,
there was a distinct ordering of the water molecules on the sodium
ghattate molecules compared to their state in liquid water.

Tris may be a result of sorption on te the polar groupe amnc
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couvnterions of the mecyromolecules. Furthor sorption caussd the
walues of A S to become more positive. The sorpiicn was probebly
o »osult of two processes , the first being sorption on the
polar greups and the sscond sorxption cencerned with the hydroxyl
groups.

If this second process wers more akin %o a mixing process
than to any speocific orxdering of water molecules sround specific
sites, it would yield positive values of A\ S. The observed AS
values would be a mesuliant of both processes and prosumably at higher
relative vapour pressure the mixing process prodominated over the
sorption on to the polar groups.

A% a, » the values of AH and AS were calculated and ave
showm in Teble 8.

Ta3LE 8.
AE AS
Fraction 1 =8.7 keals mols:  =22.9 cals mols’ degres
Fraction 2 <8.8 koals molo> <18.3 oals mole: dagresl
Freotion 3 =5.4 koals mols:  ~16.4 cals mols: degres: '

1t was noticed that the lowest point in Figures 30 and 31
occurred below monolayer coverage, which indicated that the mixing
procoss cenmenced before the adszorpiion on to the pokar groups

was complete. Table 7 showed that T-8 water melecules wers szorbsd




=138-
for cgch polaxy group dopending on the fraction of sodium ghattato.
This wes mors then required for the colvetion of Na' and =C00
ioms in squeons soluticas. (It can bo caloulated from Stokes snd
Robizzmmm that five water molecules are required for ¥a' and
€00~ icns. This is probably an upper limit of hydration. Other
estimaten=3 give a total of three water molecules for OO~ and Ha').
This, again, _indicated that zeveral processzes were responsible for
the sorpliion.

A3 was mentioned, the sorption isotherme crossed each othgr
80 z was increased. This may have been due %o polar groups,
which were attached to the sido chains in tho mscromolecule being
easily aveilable %o the water vapour at low x valuez and cont
etrolling the sorption.

If, at higher tomporatures, the molecular structure were more
oxpanded, this would allow more interaction between the water vapour
and the hydrozyl groups and would provide greater sorption at highor
temperatures if the soxption of water on to the hydroxyl grours weore
the conmtrolling factor.

In previous work227’244 water vapour sorption studies have
beon used o obtain en idea of particle hydraticn. This method
consisted of extrapolating the graph of -g- against € to x = 1.0
and using the veluss of 8, obtained by this procedure as & measure
of hydration.

This method i an empirical one but in the systens so far

studied, good zgreement belween the hydration determined from the
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gorption icotherms end from imtrinsic visocslties (of spheriocsl
particlen) has besn obtainsd.

The resulés obbeinsd at 250 for the fractions of sodium
ghettete woro tontatively used in Section 2 28 a rTough measurs
of the hydmation of tho mzercmolecules. Any changs in 8y
hotuean 25° end 20°,. the tempeorature of the viscosity experiments,

wus ignored.




SECTION 4.

SURFACE TENSION.
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SURPACE WERSION
Introduction
The surface tensions of gedium ghattate solutions in various
concentrations of sodium chlovide snd in water were studied by <the

seasile drop method. This technique has been used for gum
arabic®>® 77 and has cortein odvamtages over the other forme of
suxrface tenslion apparatus.

The main advantage of the sessile drop method was that each
measurenment could bo made withoul disturbing the surface of the
golution. The solution wag thus able to age without any
mechanicel interforence at the surface.

It wan stated by Shotton that the sessile drop method was
particularly suited for measuring the surface tonsion of solutions
of large molecules where a comparatively long tima wags required
Lor the interface %o reach equilibrium.

Originally the Wilhelmy platec was ueéd for the measurcment
of the surface tension of the solutions but the results obtained
by thie method were uncertain and unroligble. It was fslt that
the repoated stress of the plate on the surface layer caused
anomalous results and hindered the natural formation of the surface.
Thexre was also the possibility that the solute was adeorbed on tho
platinum plate and affected the contact angle.

The other advantagoes of measuring the surface temsicn by some
static moans like tho esessile drop were outlined by Andreas and

othom246.
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The ecsglle Avop method was sufficiently simpls for a complste
methematical analysis and the reculis cbiained were independent of
the angle of contect. The results were not complicated by any
visconity effects and it was possible, cven with emall quantities
of material, to meesure & wide range of surfsce or intexfacial

tensions.
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There is a Telgtionship beiween the aurface tenmsicn of a
liguid and the pressvre differonce across the curved interface of
that liguid. The pressure on the concave side of the liquid
mzrface is greater then that on the convex side by an amount which
directly depends om the surface tension of the liguid and the curs
svature of the suxface.

The displacement of a2 curved surface gives an increass in arce
of that surface as it moves tuwards the convexr side. The worlk
»equired by the system to offect this displacement and subsequont
ircrepso in avea is supplied by tho pressure difference moving tho
surface.

In Diag. 328 & roctangle of curved surface ABCD displaced a
distanco &n towards its convex eide to A'B'C'D' ., The noxmals
from A and B meet at 01 thus giving the radius of curvature of AB
at 81 and the noxmals fxom B ond C meet at 02 giving the radius of
curvatuze 'of BC ab Rz.

The axea of the surface after displzcement is

(4B + 2B s ) (5 + 2. )
Nl 32
s ABCD (1 + 28 o £
R g * 8

The work dome in this expansion frxom ABCD o A'BIC'DC
againet the free energy on the surface tension is
i )

i . L
< T

¥ 4BCD.Cn(




143

If the pressuras on the concave side is Py and on the convex

aide Py then the woxk domo by the pressure differsnce
(pl - pz).&.ABCD

Thess two relaticnzhips must be ecqual since the surface is at

eguilibrium at the position A'B'C!D’
1 + 1
Pl - Pa = Ko(.ﬁ; Bz L BN (74)

This is the Young aund Leplace squaticn.
If the two radii of curvaiture are equal then

B~ By 8.

Eouation T4 can be modified by considering the demsities of
tho liquid and the medium. If Dl i the donsity of the liguid and
thhedonaityofthemdiumandplnpa = ¢ then

equation 1 hecomes (Figure 32b)

¢ + ,g?.(nl-l)) = (Bl +-§2- sueeees C18)

If tho sesoile drop is considersd (Figure 33a) then ;£ FC
ig the radius of curvature of the drop and the radius of cuzvaturw
perpendicular to the diagram is p then equation (75) can be
modified 4o give

¥ (?%. + Ei‘ﬁ_'g) - %ﬁ + &3 (D1°'D2) eee(T6)

whoxe b is the rsdius of curvatureo at O and C = gg— .
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From equation 76 it can b2 shown that if

2 2
D sb
p = 58" (Dl .°’ Da) = ;T
where the capillary constant aa = 23
ECDI e Dz)
then 1 oin 2
'rz; & = ‘b = £ 4 rv’ >

Bashforth and Adoms' tables give the values of x/ b, 8/

and V. b3 whore v is the volume included between the horizontal
plane at a height =z and the apex of the drop.

It 1» possible to doscribo the radius of curvature of a dyrop
in terme of a weciengular co-ordinated system. In Figure 33b
it 31 is the radiuve of curvature in the plame of the diagram and

Bz porpendicular to the disgram then it can be showa that

|
)

.

I% can also be shown that
g; b2 )
z CFTh.&ryt

Pori;e:ead'? uged Bashfoxih and Adams’ tables to give

2 2 3 2
- % o ozt - 8
2% 2 - ®

This givee a means of finding 'a’ from the msasurement of
h and » of the drop.

Wheelerm ghowed that the readings for h either by ithe

vhotographic msthod or by using a cumpamator gave incorrect valuen
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end nhowed that more accurate resulis could be obtained by

ueing
2 2 4 6
22- = 0.4355 :1? - 0-223 % & 10675 y'g
r r "

2
for 0,065 < Zy <& 0,300
L

2 2 4

and & h h
- 0.4543 -y - 0.860 ==
r T r4

2
zor 0 < By < 0.065
b o
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Degeripticn of Apparaius
Ebrguson249 and Worthing‘bonzso studied the euxface tension of

liguids by the pendant drop methed. However, accoxrding to Androms
and othero246 the calculations ussd by them weve tedious and rather
dmprocics and ths photographic apparataus not satisfactory.

inireas and cthexe O

however studied the surface tension of
lignids by the pendant drop mathad. The spparstus used simply com:
tgioted of a thormostated tank containing the drop which was illuwins:
sted by o morcury axc lamp. The image cveniuelly was photographed.

This type of spparatus has boen ussd often for the detemminaticn

245,251 252-25/,
of surface iomsion By the ssssile bubble, » pondant drop
and. tho sessile dzop method” 0297,

The spparatus vsed is showa in Figure 4. The messile drop
wae surrounded by a themmostated water-jacket which contrelled the
temporature in the box to = 0,1°C.  The drop itmel? wae ploced on
2 plece of glass which had besen previously coated with a thin layez
of hard paraffin to maike the surface hydxophobic. The glass was
dippsd quickly imto an ethereal selution of hari peraffin and when
this coating had dried it was sozked in distilled mateor for two hours
to yemova any waterngoluble impurities.

The dyop wae illuminated by & sodiuvm vapour lamp (Masda 80/H,
250 vold). The light paseed through a condensing lens and the axsa
of illumingtion was limited by an apexrture in front of the cell.

The illunirated dxop was viewed through the cathetcmeter throvnsh
two neutral demsity filters (Kodak colour cempensating filters).

The catheicmelexr allowed measurenents of the height and width ef thoe
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drop to be taken at any Yime and calculations of the suxface
teusion to Ve carried out guickly and eameily.

The meacurements on the cathetomeier wore talken in the vextis
scal plane from the remsdings om tho Vernier séale. Howover, the
horizontal réadings wore taken by compariscn with an ebonite red
banging directly sbove the contre of the \drop in the cell. The
width of this rod was known accuratoely and the widih of the drop
could bo sscurntely ccmputed frem = scale placed imside the opticel
system of the cathetometez.

The drop was viewed through the body of a half-plate comera.
The cathetometer could be rxemoved, the loms system replaced in the
caners and photographs of the drop taken. The aise of the drop
on the photogrephic plates was mensured on a Cambridge Universal
¥easuring machine which was graduated down te 0,001 em. [Estimation
of 0.0002 cm. could be made with reascnable acouracy (Flate 3).

To prevent any evaporation from the surface of the drop duving
the time taken for ageing, two small tubes filled with water were
placed inmide the cell to saturate the aimosphere.

The apparetue wes tested by measuring the surface tension of
water. The readings for this at 20°C and 25°c were found to be
12,9 dynesfcam. (72.75 dynes/om.) and 72.C dynss/em. (71.97 dynes/cm.)

255

Tespectively. The correct resulis are given in parenthesic.
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Hegulin sud Dleouoglon

The guriece tonsicn of the sscond Lfraction of geatti gum was
studied in waiter and in 0.%% and 0.05¥ codium chlozideo goluticns.

Approximately 0.9 ml. of the solution was placed on the glass
plate for the determinastion of smxrface tonsicn. The swrfaoe tens
ision wag calculated regularly from the ocathetameier readings and
the system was left until there was ro further change of surfece
tension with time.

It was found (Figure 35) that gemerally between 24 and 36 hours
were required for eguilibrium. It was posgiue that this deley
was due to the slow diffusion of the ‘solute to the suzrface layer
and to the fact that coneiderable orientation of the macromelecules
was necessary in the surface lqer. In ealt solutioms equilibrium
was generally reached sconer than for agueous solutions. This was
poasibly due to the feaot that in salt solutions the molecules wexre
contracicd and could possibly diffuse and orientate quicker.

It will be seen from the graphs of surface tension with oons
scentration (Figure 36) that the surface tension decreassd sharply
with increased concentwration unitil a stable value was cobtained.

The effeot of sodium chloride wae to reduce the surface temsion
at any pariicular concembtration. The suxrface tension of a 2,5%
solution fell from 50.6 dynes/om. in aqueous solution to 43.0
dynes/om. in 0,005 and 37.2 dynes/om. in 0.5F scdium chloride
solution.

Stmusa% has studied the surface tension of polyelecirolyies




and stated that for the ¢oil molecule pelyelecotrelyic situdied

thero was o significant surface activity. A8 phouwn here sodiux
ghattate iz conslderably surface active, while similar behaviocur
has beon reported for sodium mba*’ao%’m. The depression of tho
surface tension a8 shomn in Figure 36 is quite considerable. It
in significant that both ghatti gum and gum acacia have feirly stif?f
structures containing side chaina on which the iomnized groups are
believed to be present. It may be that tho sarface activity s
due to the ctiffensd type of stzucture.

Adsoxption of a detergent at an air/water imterface gives a
film structure in which the hydrocarbon chain is r»epelled by the
water and the kydrophilic groups are present im the water. An
explanation of thé surfaco astivity of sodium ghattate may lie in
the faot that the molecule could arrengs itself in two regicns.
The flexible side chains containing the polar groups would remain
largely in the water and the main part of the molecule in the eir.

Thie type of arrongsmsnt is difficult to visualise for the
coiled typs of molecule a3 solvent can pexmeate through it and as
the cmergy required to straighten the molecule and o orientate
it in the surface would be comgiderable.

Such an oriemtation process of sodium ghattate may involve
denaturation of the molecules if the polayr side-chains are held
in the water surface while othsr parts are forced sgbove it,
irrevergible changes may occur in the molecular structure. Tho
behavicur of potassium avebate at bensens/water or oil/water
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intexrface ceems to agree with this hypothosis. At such inter:
sfaces it eppeers that denstured films Zorm. It wes shoun that
under such conditicns potassium grabate solutions formed a solid
film which oxhibited cortein mechanical properties. The evidence
for the promence of such a f£ilm between socdium ghattate solutions
and benzens was demonstirated. A drop of sodiun ghatiate soluticn
was placed in conitact with bensene and it was seen thet & coherent
film was formed which could be manipulated.

The additicn of s2lt had a very striking effect in camsidors
sably enhancing the surface activity. It has been shown thet an
inorenso in the icnic strength causes the molecules to contract.
This contraciion of the molecules may cause a more closely packed
film o bo Lfoxmed at the surfece. Under those conditions the
polar groups may bo screcned from each other thus allowing closer
packing within each molooule. The surface tonsicn deoreased
sharply with increased secdium ghaitate concentration and then
hocane roughly constant indicating that fow more molecules were
adsorbod in the surface layor shove concomtrations of 1.0 = 1.5f.

It wao felt that it would be imposaible to apply the Gidb's
equation teo ths results at the pressnt times, as =2 suitsble fomm
Lor maltivalent electirolytes has not deen developed.

In any application of tbe Gibb's isotherm there would be doubis
as to the reversibiliiy of the adsorption amd to the validity of
applying activity coefficliente.
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