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SUMMARY o

L

Part l. Intreduction and Theory of BExperimental Technigues,

In the introduciory section of this thesis, the
elucidation of the atmuceiture of lecithin, lecithin purificstion
methods (with emphasis on more recent developments) and some
routes to its synthesis are outlined, Wicellisation and
solubilisation in aqueous and nonwaqmebuﬂ sojutions are discussed,
the effects in aqueous solution being only brieflly mentioned,
fuller accounis heing given of the two properties with respect
to non-aqueous solutiong and lecithin micellar systems. The
gtructure of myelin is considered, atteniion being directed
to i%s phosphatide content.

The theories of the two main experimental techniques used,
light=scattering and restricted. diffusion, are presmented. The
relationship betwesen the viscosity of solutions of wmacrowolecular
particles and the particle shape and solvation is outlined,

Part 2, DBxperimental, Results, and Discussion.

The development and calibration of a light-scatiering
photometer are described, together with a new type of cell. An
assessment wae made of sowe errors in the light-scaitering methad
of molecular weight determination using a polysiyrene fraction
in methyl ethyl ketone and in toluene. The total error in a
moleculay weigﬁt determination was dependent upon the solvent,
the error range being = 8 %0 134 (P = 0:95). A Rayleigh

interference refractometer with a specially adapted cell holdsw



id
was used to determine diffusajon coefficients,

Light—=scattering was used to delermine the micellar size
of lecithin in a series of eleven solvent systems whose
dielectric cunstant, &, ranged from 2.3 (benzene) %o 4208
(84-0% V/V methanol /water)., Over this range the micelles

decreased in size from aggregates of 80 monomers in benzene
t0 monomers at €= 29°0 {93.4% V/V ethanol/water)s the mize then
increased to aggregates of 90 monomers at S = 4208, It was
thought that on changing from the non-polar to the polar solvents,
the micellar etructure was reversed, i.e. the lecithin polar head
groups were in the interior of the micelle in the non-polar
solvents, and on the exterior where &2>>29.0,

To confirm the micellar weights from light-scattering in
golvent mixtures, some micellar weights were determined by a
combination of diffusion and viscosity resulta. From the
comparison of micellar weights and viscosity intercepis to modsl
structures, it appeared that on increasing & from 203, and
reaching the range € = 18=25, the micelle structure changed from
a bimolecular to a monomolecular leaflet, A similar traunsition
was thought to occur in the more polar solwvents where €> 2900,
Interpretation of results in these latter solvents was more
difficult due to hydration effects confusing those of asymmetry
when considering the viscosity intercepts.

The solubilisation, by lecithin micelles in benzene, of

cholic acid and four bis—quaternary ammonium compounds was
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lnvestigated. Foxr cholic acid; the ratio of the nmamber of
molecules solubilised per molecule of lecithin was 0064, and
methods were suggested for the incorporation of this solubilisate
in the micelle, Because of the smell solubilisation ratios
observed for the bis=quaternary asmmonium cowmpounds, no
aolubilisate-micelle structure was éuggeatedo

A sindy was made of the interaction of water and lecithin
micelles in benzene., Light-scatiering and diffusion-viscosliy
measurements indicated that the number of monomers per micells
remained coustant as the micellar water content increased. 1In
such systems it was shown that all the waler present could be
assumed to be solubilised. Viscosity inbercepis showed an
increase from 2°87, at zero water content, to a peak of 4°00
at 00058 g. water/g. lecithin. Parther addition of water %o
the micelles cansed a gradual decrease in the viscosity intercepd
$i11 at 0033 g. water/g. lecithin the value was 3033, This
latter intercept was characteristiic of hydraited spheres having
a oalculated water content of 0-¢33g. Wat@r/ga lecithin.
Comparison to molecular models seemed to indicate that the
micelles resembled oblate ellipsoids, and that the addition of
water ini®ially increased their asymmetry (up to 0°058g./g.),
vhile further water tended to cause the particles to become
gpherical. The maximam uptake of water by 1% lecithin solutions

in benzene was shown to be 0°33g. water/g. lecithin.
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PART 1

INTRODUCTION, AND THEORY OF EXPERIMENTAL TECHNIQUES.




STRUCTURE OF LECITHIN.

The first proof of the exisitence of complex fatiy
compounds is generally credited %o Fomrcroyi who worked a%
the end of the eighteenth century. After the turn of that
century Vauquelimg became the initial investigator to show
the presence of bound phosphorus in the fat—like material of
the brain. Following this work, Gobl@y9394gsin the mid-
nineteenth century, showed ithat egg yolk contained what is
now known a8 a phosphatide. This phosphatids was later called
lecithin, the name being derived from the Greek equivalent for
egg yolk. DFlucidation of the structure of lecithin then
commenced., In 1868 Diakﬂnowggvghewad that choline was its

nitrogenous base. A3 & result of his further work? and

that of %ﬁreck@rf it was proved that lecithin contained
glycercl and two fatity acids, either simllar ov different,

and that the fatty acids were esterified with the glycerol.
Though both these workers agrsed that & phosphoric acid molecule
was atsached bhoth %o the third hydroxyl of giycerol and to a
choline molecule, they disagreed as to the nature of the
phosphoric acide—choline link., Dlelconow stated the linkage

was via the hydroxyl group of %he choline nitrogen, Strecker
atating it to be wvwia the oth@rlgydroxyl gro§§ of the choline.

Subpequent work of Hundeshagen and Gillson showed Bireckey

%0 he Corrsci.




From this early work, it was clear that lecithin could
sgxiant in two Fforms, these forms arising from the possibility
of the phosphate ester grouping being attached either to the
hes QX ﬁhelamcarhon of glycerol, This provided workers with
the problem of investigating lecithin lo tiy and establish,
firstly, which glycerol carbon atom the phosphaite ester
grouping was attached %o, or if i1t could be attached to eithews
andt secondly, if i1 was attached to the pl= carbon atom; the
nature of the stersochemical configuration, there being an

agymmetric carbon atom,

CHnO0CO0Ry
CHa0COR) CHouOuy
bt
CHOCORy CHOPOCHCEoW (CHy) 3
0 OB OH
CHoOPOCHaCHpW (CH3) 5 CHpOCOR,
On OF
o= Tmcithin. A = Lacithin.

12
As early as 1901, Ulpilani  demonstrated optical activity

88 a charpcieristic of wost samples of naturally occurring
Jocithin, indicating it to be o= lecithin. Following this work
many conflicting conclusions were drawn by workers, the problem
not being resolved 4ill the last decédea It was the production
of pure synthetic materials and their comparison to the

natnral material that provided the results showlng the eximbtence,
in naiture, of only the o= form. This comparison of the natural
with the synthetic substances has been due largely to the work
of Baer and his collesgues since it was they who obtained the

gynthatic products that were used. Using their own synthetic
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some Recent Fatty Acid Analyses of Ege Lecithin.

1958 1959 1960 1962

Acid 18 20 21 22
Inouye Tatirie Hanahen Hawke

and Woda Brockerhaf{
and Rarron
Saturated
12 005
C14 303 trace 028
Cl§ Q07
C:3,6 28‘34 3§°7 32 2954
Cl? 602
Qla 1009 1409 16 129 8
639 0“25
ng Trace
Inansturated

Cié 0o p 142
Gi? 005
Cig 4002 370 30 378
Cié B.9 1204 17 9o4
Cio 053
Ca" 51 3 400
o3 2:23

Superscripts indicate the number of double bonds per melecule.



matexrdial they established again by compavison to netural
products, that the natural malerial belonged to the
Lecl-aarias, + |

Hoaving obbtained the general struclure of natural lecithin,g
there otill remained the problem of determining its fatty acld
composition. From the resulis of many attemphs to solve this
problemy it appeared that the lecithin was a mixture of
several lecithine of varying faltty acld composition., To
illustrate this, lecithin isolated from egg yolk can he cited
ae an example.

14

In 1903 egg lecithin wae shown %o contain the saturated
acids pelmitic and stearic and the unsaturated acids oleic and
linoleis. Dince then, numerous worksrse have stated their
findings, and in the light of the more recent work these four
acids would meem slways to be present. The presence of other
saturated and unsaturated acids hes been repovited less

15,16
regularlyo.

It was net until the nineteen~thirties that the relative
proportions of the individnal aclds were emﬁ?z&ﬁeda Feom the
figures of Reimenschneider, Fllis and flm;m{,,i (palwitic 31.8%,
ptearic 4°1, olesic 4206, linoleic B2 and clupancodonie 13-3),

17418,19,20,2),22
and those =ubseguently published, it appeared thet the

proporiion o¢f palmitic acid wes fairly constant at approximaiely

30% {Teble 1)o UGas chromahography has been a useful %echnique
23

it

for this work., FBRhodes  haa recently shown that by feeding hens

a diet that contained a bigh propoxéion of unsaturated acids, by
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means of cod liver oil, there was an increase in the
unsaturation o f the lecithin fatty acids. This suggested
that the fatty acid composition was wvariable, depending
ezsentially on the diet. However, it would seem that the
proportion of palmitic acid is influenced little by diet,.

A further aspect of the structure of lecithin which
has only recently been worked out is the distribution of
the saturated and unsatursted acids between the o= &nd/gm
gsarbon atoms of glycerol. This has beon studied on several

17,18,19,20,24
occasions and 1% has been known for about ten
yeayrs that the ol=- ﬁm,d/gm positions are highly specific forx
cortain fatty aclids. During this work, the investigaiors
relied on the fact ithat phospholipase A from snake venom
hydrolysed the ester link in the ol= position. Obialning from
this hydrolysis an uasaturated acid,; they concluded that the
of= posltion was specific for unsebturated acids.

In 1959 Taﬁ%riezoenzymatically hydrolysed egg lecithin
with lecithinase D, obtaining a mixbture ofc@ém diglycerides,
Myristic acid was then incorporated into the free o' position
and the resuliting triglycerides were hydrolysed with pancreatic
lipase. This enzyme specifically releases the fatity aclds from
the gt~ and o'« positions, and thesse released acids were i&enﬁifie&
as palmitic, stearic and myristic. Contrary to the early
findings, this indicated that lecithinese A hydrolysed the A«
ester linkage. This latter obmservation was soon to be supporied

21
by Hanshen, Brockerhoff and Barron, and de Haas; Mrlder and van
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Daanen. The effect of this correction dves not detract from
the sarllex work on the fatiy acid positional distribution, i
merely reverses the conclusions., Following Tattrie's work, and
that of Han&hanglwhiehﬂéhowad only 4% of the ﬁﬁmattached acida
to be saiturated, Hawkedaaﬁa%ed that the distribution of
palmitic acid between the sl-and jﬁwpasitionﬁ almost entirely
favours the former. BSince the proporition of palmitic is
approximately 30% of the total fatty acids present, about 60%
of the lecithin molacnles have this acid in the gl-ponition.
The 40% of the g¢{-positlons that remain will then posseass the
saturated stearic acid and be completed with unsaturated acids,
I% oan therefora be stated that the saturated acids predominate
in, and favour, the giposition, whils the unsatursted acids
favour the fngOBitiﬂﬁu

With the elucidation of the Fatty acid composition of egg
lecithin it becomes clear that purified natural egg lecithin
consigts, not of o single chemical entity, but of a mixbture of
compounds varying in their fetbty acid content.

Gran and Limpﬁchargzéin 1923, suggested that the phosphoryl-
choline grouping of the lecithin could exist in one of two forme
= gn anhydfo or hydrated form. Th@irafurther work27ﬂugg@s%ed the
anhydro as the more likely. Jukes : subsequently rejected the
aphydro form on the grounds that the concept of a nitrogen abom
with five bonds was nod in agreement with the ocurrent valenocy

theorivs. He suggested the formula should be writien as a

gwidtterionic mtruchiure substanitiaeting his suggeation by




electometyic titration.
3 (63) : (or3) § w(omy)
Re-OPOCHo CHoIN (CH R=-0POCH CHoN ( CH 3 R=~-CPOCH2 CHoN{ CH:
N 3 A I gﬁ %{ 3 0 373
Anhydro Hydratad Zwitterion

R= glyceryl difatty ecid resmidue.

Marther evidence for this structure came from dielectnic

29 30
conatant studies in three solvents. In alceohol and in watex,
lecithin solutions had a greater dielectric constant than the

solvent, while no change in dielectric constant was found

between benzene and lecithin ®solutions in benzeng.



PURIFICATION OF NATURAL LECITHIN.

Lecithin is known to be widely distributed in both the
animal and vegetable kingdoms. Its extraction from many
sources has been the subject of many papers and several texts
31532533

and as a result there is a wealth of information on
the preparative procedures. It was decided, therefore, that
this review of the purification be restricted to lecithin
obtained from hens' egg yolk, and in order to emphasise the
more recent developments, much more attention has been directed
to the work published from the late 1950°'s onwards than to the
earlier {indings.

Occurring naturally with lecithin are several other
phosphatides whose similar chemical nature and physical properties
have provided difficulties in the separation of lecithin. Most
closely aasociated with lecithin are the two other members of the
lecithin group, hydrolecithin which contains only saturated fatiy
acids, and lysolecithin which contains only one fatty acid
rezidue, The other major associated phosphatides may be divided
into two groups, the cephalins and the sphingomyelins, each group
containing two main members.

The Cephalina.

CH2030R1 CH,0COR

I 2 1
CHOCOR, CHOGOR,
CHo OPOCH, CH, NH CH,OPOCH,, CHCOOH
2 gﬁ 2 CHoNHy 20 2

2
Phosphatidylethanolamine (Cephalin) Phosphatidylserine




The Sphingomyelins,

CH 3 ( CHp JjpCH= CHGH--CH-CHp CH3(CHp)12CH=CHCH-~CA-CHp
OH NH ¢ OH N OH
¢o P(0)0H
R OCHoCHoN(OH
20HRN(CH3) 3
OH
Sphingomyelin Sphingosine

In addition %o these substances many others occur, but in
mich smaller quantities. Thus there are lysocephalings, acetal
phosphatides and many breakdown products or precursers of the
above, such as phbsphatidic acids.

solvent Bxtraction.

Isolation of lecithin by using only solvents is now a
method of the past, Due to the very similar solvent
characteristics of lecithin and many of the other compounds
associated with it in nature, such as those mentioned above,; the

34,535,136
methods were awkward and fedious, The fact that
chromatography has proved rapid and successful for this separation
has also contributed to their falling into disuse. Today, lecithin
purification usually consistas of a partial solvent fractionation,
this being followed by chromatographic techniques.

Initially egg yolks are very often extracted with acetone
since lecithin and other phosphatides are almost insoluble in
acetone. This fractionation removes such unwanted material as
water, fats and sterols., However, it has been shown that

consifderable quantities of phosphatide are taken up by the acetone

in this preliminary extraction stage, as much as 31% of the total
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phoasphatide available being quoted by some worksera, This

uphake was credited to the water present in the system. When
synthetic lecithins were prepared; an investigation of the
acotone solubility of lecithin showed that an increase in
solubility was obiained by decreasing the length of the
hydrocarbon chains and also by the presence of unaaturaﬁion938
traces of water also considerably increasing the solubility.
This latter fact was borne out by the finding that when freeze~
dried egg yolks were used as the starting material, only 4-3%
of the total phosphatide was removed by the acetone039

After thias initial acetone fractionation, the residue can
then be extracted with a suitable phosphatide solwent, wvsuslly
ethanel., Having therefore obtained an extraci of mixed
phosphatides, the solvent fractionation method is discarded in
preference to the more sensiltive chromatographic techniques,

4 further problem with solvent extraction methods is that
the starting material is very complex. Thus cexrtain substances
which by themselves would be insoluble in the exiraction solvent
may well be extracted by a solubilisation effect. On extracting
fresh egg yolks with acetone;, the solvent is in effect acetone
containing a certmin amount of water. Though the solubility of
some compounds in wet acetone can be avoided by freeze-drying,
matual solubility effects are more difficult to overcome.
However, as was stated earlier, the main difficulty of a pure
solvent extraction process is the very similar solvent

characteriatics of closely related compounds
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This similerity hes been overcome by countercurrend

40,41,42,43
distribudtion., Working with egg leeithin that had been previcusly
purified by column chromatography, it was demonstratsd that there
was a posgibility of further lecithin separation into individual
lecithins by means of countercurrent &im%rihuﬁicnf3 To obtain
thisgy, fifey transfers were done, using as the polar phass a
mixture of acetic mcid, water and methanol, and as the non-polar
phase & petroleunm éthermshlorcform mixture. Though this jechnique
is rather laborious, it has on 1ts credit side a negligible loss

apnd destruction of solute.

Salt Tormation,

As with pure solvent fractionation, the addition of certain
compounds to form salts with specific phosphatides and thereby
2ld their separation, is now becoming ouitdated. Chromatographic
technigres are again the reason for this decline since they
yield purer products.

9 44

Strecker and Bergell found thet phosphetides could be
precipitated from alcoholic solution by certain metallic salte,
and 1t was thelr sarly work that led to the development of the
mich used cadmium chloride complex precipitation technioue.
Levene and Bolgi uping this method, preciplieted the lecithin
from an ethanolic egg yolk extract by addition of a saturated
golution of cadmium chlorlide in methanol, The complex was freed
of cephalin by shaking with 8<10 separate portions of ether, the

purified cowplex being split wiith ammonia in methanol. It was

usnally necessary to repeat the initial cadmium chloxide

pracipitation to obiain lecithin of the required purity.

i - " -




46547 ,48

Pangborn has on saveral occaslons modified )
procedure. By suspending the lecithin-salt complex
petroleum ether and extracting with 10-12 portions «
ethanol, the lecithin was sufficlently puare not o :
second precipitation. Complex formatibn was also o
adding 50% aqueous cadmium chloride to the ethanoli
phosphatide extracty, with its subsequent breakdown :
chloroform solution by shaking with an equal veolume
@thanol, the cadmium chloride being removed in the

In a systematic study of subatances thought wa
selectively precipitating diaminophosphatides, Tham
and Seﬁggfound Reinscke acid to be auitable, lecith:
cephalin being unaffected, |

To effect a sepﬁrmﬁion of lecithin from the ce)
Collins and Wheeldon)guﬁﬁd the structural differenc
amino group of the cephalins. This group was found
with l=flnorp-2sd-diniire benzene forming a coloura:
compound which was then methylated using diazometha
was unaffected. The egg yolk phosphatlides; after il
ware separated by chromatography on Hyflo Super-Cel,

of the cephalin bands helping to indicate the fract:

Chromatography.

It is approp.iate to repeat at this point that
mtilisingﬁéTEﬁw «atographic procedure for lecithin :
- ..minary solvent fractionation will almost cer

" been carried out. Thus it is egssentially a mixture
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Phosphatides that has to be separated,
(8) Paper Chromatography.
Following the separations of phosphatides on
51,5253, 54 .
unimpregnated papexr, and due to the success of columm
chromatography, impregnailion of the paper with materials
similar to those used in columns was shown to effect useful
separations. Thus silicic acid was applied to the paper and
55956557558
many improved separations were obtained, The
introduction of glass fibre paper which was similarly
59 60, 61 62
impregnated also mat with success. Marinetti has studied
the factors that affected the chromatography of phosphatides
on 8ilicic acld impregnated paper. ¥rom his work,
reproducibility of chromatograms was Shown %o depend mainly upon
uniformity of the paper impregnation,; the temperature and relative
humidity. In addition there was an optimum foxr the amount of
material spotied on the paper since overloading led to elongation
of the spots. Because of these and other minor factors,
reproducibility was difficnlt,; though the actual separations
were good.

Basier reproducibility has been stated to be obtained gy
the impregnation of glass fibre paper with sodium silicafte. ’
Other adventages of sodium silicate over silicic acid were the
easier preparation of papers, faster phosphatide separations and
the ability to determine lecithin and sphingomyelin

quantitatively from solutions, Because of the difficulty of

reproducibility of results with silicic acid impregnated paper,
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Collier investigated several inorganic metallic salts as
possible impregnatiﬂg agentaosazinc chloride was the most
satisfactory of those tested. For the separation of complex
lipid mixtures using sodium silicate, an initial chromatogram
run with benzene was carried OS%Q the neutral lipids moving
with the solvent front,; the phosphatides remaining et the
origin., After the paper was dried a second run was made
using a basic solvent, usually containing pyridine. The
previously stationary material then migrated and was separated,
any mutual soluhility effects that conld have interfered having
been eliminated by the benzene run. If a greater separation
was possible or desiredy, a further run at right éngles %o the
first two conld then be made.

Te overcome the difficultiy of separating individual lecithinas
from natural lecithin, Inouye and Woda, before running thse
chrometogram, converted the natural lecithin to mercuric acetate
addition compounda%gThe mercuric acetate added on to double
bonds of unsaturated fatty acid chains,; and because the degree of
unsaturation varied so did the degree of acetate addition. This
rasulted in mach greater solubility differences hetween the
lecithine in organic solvenits, these differences being suggested
as a reason for the separation obtained., By such a process
five spots were distinguishable from a sample of egg lecithin,
(b) Thin-layer Chromatography.

This ggchnique was developad in 1951 by Kirchner, Miller

and Keller, and due to its fairly recent development few
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phosphatilde separationas have zo far been attempted. Silicic
acid has been the adsorbewnt used, it being mixed with up to
154 of plaster of Paris to bind it when dried on the plates.
Vogel, Dolizaki and Zievaéﬁh&VQ reported a separaition of some
ogg yolk phosphatides. Using a chloroform-methanol-water
(80:20:1) mixture as solvent, they separated
phosphatidylethanolamine, lecithin, spﬁingomyalin and
lysolecithin from a mixture of the four, in approximately 30
mimites. A separation of some glycerides, free fatty acids and

67
epg yolk derived phosphatides has also besn obtained, the

phosphatides remaining at the origin. Privett and Blankéghave
found the technique could be used to distinguish between four
different lecithins end that they ecould also be determined
quantitatively.

Several of the advantages of this new technique have
recently been in&icateﬁoﬁgon comparison to the older established
methods, thin-layer chromstography provides a rapid, efficient
separvation. Complex wmixtures can be resolved in half an hour
compared to the several hours required by the other techniques,
and in addition sharper separations are obtained., The spots
are sasier bo identify since they tend to be more compact.
Plate capacity is such that millegram quantities can be spotted

ingtead of the microgram amounts for paper chromatography. Not

least, the technique is simple to operate.



(¢} Large—scale Chromatography.

One of the earliest successful adsorption materials
was magnesium oxidezowhich removed nonmcholin@ containing
phosphatides from a mixture of phosphatides., T4 adsorbed 2ll
tihe phosphatide from solutiony; but under certain conditions,
for example in methanol, the choline~containing phosphatides
were eluted, these having a choline/phorphorus ratio of over
0°96,

Alumina was subsequently found to separate more
efficlently the same two classes of phosphatide. Hanahan,
Turner and JaykoTlshromatographad a 3% solution of egg
phosphatide in 95% sthanol using a column of alumina and
recycled the eluted phosphatide solution. This gave a lecithin
fraction of over 99% purity, with freedom from breakdown
products. Subsequently Hanahan suggested a column loading of
dg. of mixed phosphatide per 125z. of aluminaZQBW% before all
the lecithin fraction was eluted the aminophosphatides starited
0 appear and some lecithin loss resulted. Rhodes and Lea?g
with a loading of 2g. per 40g., applied the mixed phosphatides
as a 10% solution in an equel volume chloroform-methanol solvent.
On elution with this solvent, the choline-containing phosphatides
were rapidly recovered, the adsorbed phosphatides only being
elnted on changing the solvent. This enabled all the lecithin,
and the adsorbed fraction if desired, to be recovered separately.

73 T4

In agreement with the early findings of Trappe, Renkonen”
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detected a slow degredation of lecifthin on alumina columns,
Using a synthetic lecithin and assuming the breakdown to be
a Tirst order reaction he showed the degradation to proceed
at 1°1% of lecithin per hour at 229, A%t 20 this reaction was
markedly retarded while the alumina’s adsorbing power was
unaltered; and he recommended work with this adsorbent to be
done at low temperatures.

At the same time as lLea and Rhodes stated silicic acid
impregnated paper produced good phosphaitide separations they
also gtated that silicic acid columns could effect the same

25

separations, ghe separations varying with the source of the
gilicic &cid? Using a single chloroform-methanol solvent
mixture,; they separated the mixed phosphatides of an egg
yolk ether extract, the amino-containing phosphatides being
eluted first, followed by lecithin and then lysolecithin,
Sharper separations were obtained if the solvent mixture was
altered during the run?g Wren?5h&a described a simple apparatus
whereby the composition of the solvent was gradually and smoothly
mhang@dg this producing sharper peaks, Renkonen74found no
degradation of synthetic dipalmitoyl-lecithin by silicic acid,
For large-scale lecithin purification, silicic acid now tends
$0 be used only for the {inal lecithin-~lysolecithin separation.
Having obiained a separation of the choline-phosphatides
from the aminemghosphatidea on non=impregnated paper, Bevan and
7

his colleagues using a column of powdered cellulose, reporied

17

the same separation. Lea and Rhodes were unable to confirm this
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cbteining only a phosphatide=free amino acid separation,

The use of an ion=exchange re=in for preparative work
has been investigated by several workers. Using 'Amberlite
MB=3°, MacPheraon785pli% the cadmium chloride=lecithin
complex. Lea, Rhodes and StollBSWGra unsuceesaful in
separating lecithin and phosphatidylethanolamine with acidic
and basic resing® because of the poor capacity of the resins and
bydrolysias of the phosphatides. Perrin and S&underszgusing
a mild "Dowex’ bicarbonate resin separeted the choline from the
non=choline containing phosphatides without hydrolysis, +the
method being quicker than with alumina.

For preparative work these large-scale methods are now
tending to be used almost entirely instead of the cadmium
chloride complex method. Having obiained an alcoholic mixed
phosphatide extract from the egg yolks, alumina is commonly
used to remove the non—choline containing phosphatides., This
stage can then be followed by silicic acid chromatography to

separate the lecithin and lysolecithin,

Paper Flectrophoresis.

80
Wallach and Garvin separated lecithing phosphatidyleth-

epnolamine and phosphatidylserine from both natural and
synthetioc mikﬁuraao At pH 908 with a pobtential gradient of 1
volt /em. for 30 minutes their respective rates of movement were
026, 0°56 and 1.89 mms./hour. The solvent was a mixture of
$richlorethylene, methanol apnd water, whose water content was

81
more than 3%, Zipper and Glantz separated the same phosphatides
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using the non-gqueous solvent systems of methanol-pyridine
mixtures containing 0°05N sodium acetate with and without

glacial acetic acld.



SYNTHESLS .
By sterting with a D =oly 8 - digiyceride, which was
82,83 84
prapared by a slightly modified Sowden and Fischer method,
: 13
Baer and Ketes in 1950 reported the first synthesis of a
85

lecithin. Soon after this initial work Baer and Maurukas
simplified the procedure, replacing the introduction of
ammonium reineckate by the uas of solubility differences for
separating the phosphorylated products., The slower, original
procedure, however, had to be resorted to by Beer and Mahaﬁevmgé
when they prepared a series of lecithins with short chain fatiy
acid radicals, since the solubility differences were too small

to allow separations 1o be made. The originel Baer end Ketes

pcheme was as followss

01
i
CH,0H CHA0POC ¢Hes
CgR50POCI2 | 56 HOCHp CHaW (CH3) 361
CHOCOR = CHOCOR
Pyridine | Pyridine
CHpOCOR  Chloroform CHp0OCOR
D@@@fgum Diglyceride |
(m ©
(T T
‘ QCgH +
Ammoninm RgOPOGH%CHgﬁ(CH&)g
- o Reineckate ) ~
(I)ESNHS)2Cm(ch)4ﬁa£ HOCOR c1
=< 4n Ethanol
CH20C0R
- J—
(H,0COR
Agﬁ@\ﬂ‘ 10 T&IQQP‘EEQZ
= (1)a80, > CHOCOR
2. BaCO3y

?
CHoOPOCH, CH,N( CH ;)
2 gH R 23

L=tt-Leeithin,



By starting with L= or DD m@@ﬁ%m diglycerides the
D= or DI} =@~ lecithine were obtained,

gwo years before their lecithin synthesis, Baer and
Kntes 3aynthasiﬁed Lege glycexrylphosphoryleholing (L-¢f-GPC)
bt were unable 4o agylate it to lecithin., It was not until
1957 that a direct acylation method was susceasfuIQBT%ha
reaction being carried out in amine~fres dry solvents instead
of pyridine which was first uaadQBB The successful acylation
however, had the disadvantage of requiring three days to carry
out the reaction. By using the cadmium chloride compound of
Le-gi-GPCy Baer and Buchnea found it was possible to acylate to
lecithin in two hours.

In the original Baer and Kates synthesis, the final stages
inclnded a hydrogenation. Their process, therefore, could only
be used Lo prepare fully saturated lecithins. However, with the
acylation of L-=gt-CGPC unsaturated chains could be incorporated.

Before this scylation process had been devised, a successful
gynthesis for unsaturated lecithins, starting from acetone-

38

glycerol; was reported. Here the reaction scheme wass

C e,
B, OH cnao:?;cfé 2
: Cglzoroct, | © 0 HOCH, CHoC1
CHO.,_ 3 CHOo_ )
C(CH3) @uinoline ﬁ o(CHy)o Pyridine ﬂ
CHy0 CH,0 :

De-poetone~glycerol
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N QCaHs, :
CHoOPOCHZCHRCL CHzOPOCHZGH2CL
o 1o Ho, Pé B ‘
CHOH Ba <& CHOS_ e
2. Acid Hydwolysis | fG(Cﬂg)g
CH208 o 3. Ba(on)e CH20
. -
¥, N-dimethyl [CHR0POCHaCH2CL
formamide 0 - W(CH3)q
> [CHOCO(CHz )9 CH=CH(CHg ) 7CH3 {Ba ‘
Oleoyl chloride || Dil. HpSOy
Pyridine CH;goco(cng)70H=CH(cHg)7CHg ,

T at=(dioleoyl)=lecithin,
A further route to both saturated snd unseturated

lecithinse was devised by Hirt and Berchtold?9 They started from
the appropriate diglyceride; and since only saturated diglycerides
were available, they could only prepare the fully saturated
lecithins. They did, however, indicate that on the availability
of unsaturated diglycerides the method could probably be used
to prepoare the corresponding unsaturated lecithins. This was

90

subrequently Tound to be possible.
91,92

Valkin and his co-workers bave snggested a means of
proveunting migration with the diglyceride and the resultant
formation of unwanted bis—phosphatidic derivatives. This
involved the use of a diacyl glycerol-lodohydrin prepared from
glycerol-iodohydrin.

Tn 1960 the Dutch chemists, de Haes and van Deenen, ‘
synthesised & leclthin with two differing hydrocarbon chains?ﬁ

Their route to lecithin started with s monoglyceride and
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proceeded via a glycervolelodobydrin compound, the reaction

seheme being:?

CHa0C0C 7H 35 CH2000C) 7H 5
CH3CEH4S0001 | Wal
CHOH = CHOY
Pyridine H Acetone
CHpOH CHp0S02C gH4CH3

XWOQ%ad@@aﬂleglycerol

Silver CH20COC3 7H 35 Dodecanoyl CHa0C0C7H35
dibenzyl I chloride
CHOCOCq 1 Hpy <& CHOH
phosphate | Pyridine |

CHpI CHoT

Hp0C0Cy 7 H CHo0C0Cy o
=35 Nal 7735 Amberlite IR-120
CHOCOGllﬂz 3 =Jp CHOCOCllH"‘vB
( ‘ ) Acetone|  DCHuCghy AgNO
CH50P(OCHLC cHe CHQ()u
2 8 2vEi5/2 z\oﬂ&
(1)
GHpO0COCy7H35 2=Fromoethylene
trimethylanmonivm \/2
cnococuﬁgg & Ag salt of (I)
OGHQL@H5 piorate
CHp O<\
0 ()(.,HEGHQN(CHB)B
(CgH07R )™
GHn0CO0 17335

1, Amberlite TR=45

=ity CHOCOC:E_1H23
2o PayH %30 ( )
GHo OROCHACHLW( CH
om Y2 Hzfﬁﬁ 373

"Mixed Acid" lecithin,

This process was also used to prepare the strus tural
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imomer,2{mﬁodacanoquﬁmactad@canmylm@@&eciﬁhina

Soon after; there followed s partial synthesia of lecithin
possaessing one saburated and one unsaturaied hydrocarbon chain?4
Starting from a lecithin with two identical unsaturated
hydrocarbon chains, de Haas and van Deenen produced the
lysolecithin enzymatically this heing then acylated with a
saturated acid chloride. The isomer was obtained by hydrogenating

the lysolecithin and adding the corresponding unsaturated acid

chloride.

Eventually these same workers developed a complete synthesis
of such a saturated-unsaturated lecithing L«mpggmoleoylwg%
stearoyl)miecithin?s This work entailed the synthesis, from the
acetona~glycerol, of the appropriate dimcyl glycerol-iodohydrin.
This product was tien treated in essentially the same way as the
saturated diacyl glycerol—iodohydrin, resulting in the production
of the desired lecithin. Their diacyl glycerol-iodohydrin was

prepaxed as followss

CHoOH CHo0H CH20C0C17H35

| Cy7H35Cc0C1 | C17H33C0C

310\ o> GHOH 2> CHOH

? /C(Cﬁg)g | Chloroform | Chloroform

CHa0 ) CHoT  Pyridine CHoX Pyridine

&

Clip0COCy7Hys5
CHOCOGy7Hyy
CHoT

To obtain the glyocerol iodohydrin from P-acetone-glycerol,
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the method of Baer and Flscher was uzeds

CHoOH

CHO.,
fC(CHB)g
CHoO

CHa 0800 (C g, ) CHy
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CH3(Cghy )S00C2 | WaX
5 CHON
Pyridine ﬁ Pt ( CHy)o Acetone
CHpO )
CHnX CHoT
| HpS0, |

CHOH  <mrmrios GHO

/s

| Soleny),
C'ﬁg OH CHQO
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WICELLISATION .

From the results of work done in the early years of this
cenfury it became increasingly obviouns that certain types of
substances, when in solutlion and under certain conditions,
existed as aggregates of their wmost simple, single units, om
monomers, These aggregates were soon 1o be called micelles,
their aggregation process therefore being micellisation. Work
has mainly been directed %o micellisation in agueous solvents,
relatively few investigations having been made in non-aqueous
mwedia. I% is only in the imst ten to Tifteen years that
interest in non-aqueous micellisation has developed,

This phenomenon of micellisation is exhibited by compounds
whose structure consists of a2 non-polar hydrocarbon portion plus
polay grouping. These two parts of the molecule differ in their
affinity for water, the hydrocarbon portlion having little o¥ no
affinity (hydrophobic portion) the polar grouping heving a sirong
affinity (hydrophilic portion). I% is this dual, or amphipathic,
nature of the molacule that enables it 4o form micelles,

Micellisation in Agueous Solulion.

Since micellisation in agueous solution has been
97,98;99, 100
comprehensively reviewed by several authors, it willd
only be briefly mentioned here. NMore emphasis will be given to

micellipation in non-agueous solution.

(a) Micelle Structure.

Towards the aim of identifying the structure of micelles,
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the work of MeBain and of Hartley is undoubtedly the mosi
prominent of {the early days. McBain98paatm1&t@d the

exiatence to two types of micelle, small spherical micelles
existing below the critical micells concentration (cme) and
lamellar micelles above the cmc. K&rtley97suggeaﬁad only

one type, which was spherlical, and that single molecules

were present below the cmc. Today it is known thaet micelles
may adopt any one of aseveral structures, the structure formed
depending upon several faclors, not the least of which are the
nature of the monomer and the solvent and the number of monomers
in the micelle. In aqueous micellar systems the polar groups

are on the micelle surface.

(b) Micelle Formation.

Tn their descriptions of the process of micellisation,

101 102
Debye and also Herzfeld; Corrin and Harkins considered that
there were two energy terms of major importence. Mirstly, a
decrease in free energy was obtained by removing the non-polar
paraffin chains from their agqueous environment into the micelle
interior. This was termed environmental energy. This decrease
in free energy would be waximal when the shielding of the chains
from the water was as complete as poasible. Secondly, when the
molecules were brought together short range repulsive forces
between polar head groups came into play and a corresponding

free energy increase had to be comsidered. This was termed

repulsive anergy. »Aggregation would therefore take place if the
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environmental energy or, as i1 is moxe commonly called,
interfacial energy made available from the desiruction of the
peraffin chain = solvent interfaces is greater then the work
40 be done against the electrical repulsive en@rgyalas

Below the cmo molecules are so distant from each other
that the work needed to overcome the repulsive forces to bring
the molecules together is greater than the available interfaecial
energy. On increasing the solute concentration, the interfacial
energy per molecule does not alter, but the average distance
apart of the molecules is less. Less energy is therefore
required %o bring the molecules together. With fusther
concentration increase; the atate is reached eventually when the
available interfacial energy exceeds the repulsive enexgy and
micelles form. In forming, the mlcelles probably start with a
few molecules joining together sufficiently long to form a
micieus, this mucleuns then incorporating any colliding molecule
$411 the full micellar size is attained., In aqueous systems,
soap micelle size is considered to be limited by the
accumulation of charged ions in the micelle, which prevents the
approach of further ions. Thus the work needed to add a
further unit to the micelle is greater than the eunergy obtained
from shielding the unit’s paraffin chain from the solvent.

The foregoing onergy and aggregation considerations
indicate that the omc is not a definibe concentration, tui a

concentration range, the range usually being so narrow that i
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can only be measured as a single concentration. The cme
defined by Willlams, Phillips and Myselaladis the
concentration of solute at which the concentration of solute
in micellar form would become zero if the rate of change in
golute micelle concentration with total solute concentration
was assumed to be the same at low micellar concentrations as
at high micellar concentrabtions. As obtained practically,
therefore, the cmc is the point of imterasection of two lines,
one line representing the properties of monomers, the other the
properties of the complete micelles.
105,106,107
Bury and his co-workers considered the aggregetion
process on the baeils of the law of mass action. The
equilibrium was wepresented by
nS % By glving K= (8] /[5]®
where S and S, refer to monomer and micelle; n being the vumber
of monomers in the micelleg X is the equilibrium constant and
brackets indicate concentrations. Using their relationships to
consider a sub-—cmc solution of a micelle-forming solute, where
n is large (eog. 50y 6050000)y (3] will be small and ]
negligible., On increasing the concentration above the cmcy both
[3] and E}ﬁ] increase, but since [Sn]/ [S]n is constant,; the
increase in ES@,U”AE;“] » Will be much greater than A[B] since
[?] i3 present to the ntl power. The larger the value of n,
therefore, the greater will be (4§j§n] - é&iﬁﬂ) for a given change

in solute concentration, and also the smaller will be the solude
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comcentration chenge needed to convert the essentially
moncmeric solute into an sessentlially micellar sclute. Thus
$he larger the wvalue of n the narrowser is the cme range.

A second approach to the aggregeltion process treated
it as similer %0 a phase separatien997%h@ separation
occurring at the emc. This ldes wes prompied by the shape
of the specific conductivilty against concentration graph
of a colloidal electirolyte which showed a sharp break at the
cme, & bresk also being found in the same grapb for a salt
in water when the salt saturation concentration was
reached. In the micellar systems, breaks were also obtained
in graphs of colligative properties against concentration.
This led 4o micellar solutions being considered as saturated
monomexr @olutionaglogsmoh that if there was eany loss of monomer
from saper=cme solutions (@ogo by adsorption) the monomer loss

was replaced from the micellar reserve.

Miealligetion in Non-agueous Bolution,

(a) Wicelle Structure and Formaition.

In agueous gysitems the amphipathlic nature of certain
molecules causes them to form micelles, the micelle surface
possessing the polar groupings., In non=-2queous systems this
arrangement is reversed, the micelles having the polar groups
directed towards their centre. In these reversed micelles,
ionlic molecules are undissoclated and as & result the micelle

does not possess a significant net charge. As with aqueous
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micellar systems, there is in the non-gsqueocus a variabtion
in the pecsasaible structure of micelles, again dependent upon
the prevailing conditions, {though ocne dimension of the
micelles nsually remains approximately twice the monomer
ilength,

108

Singleterry, in a comprehensive review of non-aqueous
micellisation, has indicated that most of the solutes in such
systems have hydrocarbon parts whose cross—sectional area i9
greater than the corresponding dimension of the polar hesd.
For such molecules, spherical micelles allow the tightest
packing of the heads about a core of given volume, this volume
being dependent upon the size of the polar grouping. On
deviation from spherical shape, the prolate ellipsoid would
be the more likely shape, since it provides tighter packing
of the heads +than the oblate ellipseid. Yhere the molecules
have polar groups and paraffin chains of the same crossg-
sectional area, & lamellar micelle is probably the preferred
shape. Pilp@llﬁghag afated that the geometricsl factors ave
of importance in controlling the micelle shape and size of the
heavy metal zo0aps in organ?c solvents,

Copenhafer and Krauallothoughﬁ that the aggregation of
guaternary ammonium Salts in benzene was the result of
dipole-~dipole interaction between lon pairs, whereas with
nonaethylene glycol monolaurate in benzene, hydrogen bonding

108 111
wag probably the mechanism of adhesion, Welson and Pink,




31
gtudying copper soaps in tolusne, suggested that the dipole
interaction was inemfficient to account for the aggregaition,
suggesting that co-ordination bonding played an imporiant
role. Pilpel in his recent reviewlegof organic solutions of
heavy metal soaps discussed the nature and magnitude of the
forces involved in micelle stabilisation in organic solventa.
He assumed there to be three main:facﬁorsllgthaﬁ contributed
to the energy change at micellisation. FPFirstly there was a
change in interfacial energy, AB, on aggregation, secondly,
dipole—dipole interaciions which produced a chengey, AW, in
dipole interaction energy, and thirdly, in the case of such
complex strucihtures as the heavy metal socaps, there was
probably hydrogen, or similar bonding which provided a
bydrogen bonding energy factor, AH. Considering these three
energies together, he denoted the total energy change om
micellisation, A, by Al = AE + AW +AH and by making
some assunptions he was able to evaluatse AE;, and use the
results to show that the micelles existed down to extremely
low concentrations. This was in agreement with experimental
data. To evaluaie AE, Pilpelllgassumad the soap monomer t6
have a spherical head group (radius R) and cylindrical
bydrocarbon tail (length L, radius r) with half the surface
of the hsad group covered by the tail. The exposed head group

surface area was 2%&29 and the exposed hydrocarbon surface

area, 2Arl. Spherical micelles were assumed to be formed with
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the head groups completely shielded from solvent. Monomers
had thelr complete surfece exposed %o the solvent. The
interfacial energy of the micelle,

Bpig = @ m¥ Lodfpg + Ewﬂgn&ihh + K
where n is the number of monomers in the micallangtg and
}(hh the cohesional energy of the talls and heads, and X a
factor introduced to allow for some hydrocarbon-solvent
contact, On dissociation to monomers, the interfaclal energy,
Bpon = 277 @ lnyyg + aﬁﬁgnéfhg

where y%g and X%g are the interfacial energies hetween solvent
and the tail and hesd groups. The difference in these twe
energies was the interfmcial energy change on micellisation,

AB = Buon = Bmic = Hmran(g-m =Yrt) + Engn(%hg wgfhh) - X

limiﬁing factors which arrest micelle growih at a

particalar level have been lititle discussed in non—agqueous
medis. I% has been auggeaﬁaéoghat %he limit arises due to a
balance heing obitained between geomeltriocal factors and the
attractive polar core forces. Most amphipathic molecules
that are soluble in orgenic solvents generally have hydrocarbon
cross—gectional areas greater fthan that of the polar heads and
hence in small micelles the core 18 best shielded from the
solvent when the micelle is spherical. To add a further
molecule, the attractive forces between the molecule's polar

group and the micelle core must be sufficlent to expand the

micelle in order to permit +this additional molecule o join
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Hethods Used %o Study Wicelle Bize (Bxcluding that of Lecithin)

in Hon—aqueous Solivends,

AT

Rataronca Hethod

116

ATkAn and 3ingletervy Fluersacance Dgpolarisation
117, 118
Honlg and dingleteryy Fluorescense Depolarvisation, Viscosiily
119, 120
Keufmean and Singletercy Fluorascence Depolarisation,; (Cryoscopy
121

Singlotorvy and VYeinberger Fluorescenoe Depolarisation
110

Copenhaler and Kiaus Cryoscopy
122 .

Rothrock and Keaua Cryoscopy
123 .

Martin and Pink Ewallicscopy
111

Helason snd Pink Emalliocssopy
184

Dobye and Prins laght-aoatiering
129

Gand ok Cryoaeopy
126

Wibahars Vapour Prsgssure Deprassion
127

Hothews snd Hlrachorn Ultracentrifugation
128

Palat and Venkatsawaria Cyyoacopy
120

shelfer Omwotlic Prossure, Viscoaltly
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the micelle. If the attractive forces sxe insufficient, the
micelle will not grow further.

The law of meas action can again be applied to the
eguilibrivm hetween monomer and micelle in non~agueous systems.

(b) Determination of Micelle 3ize and Shape in Non-agqueous
Solvents.

Micelle formation may be detected and the mize of the
micelles determined by many physico-chemical methods (Table 2).
Fluoxrescence depolarisation has been found capable of

determining cmc's at as low as 10 ' molar concentrations,

but it has the disadvantage of the presence of a dye in the
114, 115

gystem which can alter the omc, giving only an

approximation of the true omc,

To estimate micellar shape, light-scattering, viscosity
and streaming birefringence methods have been used. These
latter two techniques are necessary since othexr technlques
snoh as diffusion and fluorescence depolarisation provide
micellar sizes only of spheres which act in a manner equivalent
%o the actual, probably non-sphexical particles. Thus in many
instances the data obtained from two techniques has 40 be
correlated before a true picture of the micellar particle can

be obtained.

(¢) Factors Affectine Non-aqueous Micellisation.

Several factors have been shown to affect the micellisation
of solutes in organic solvents., Working with three &~

monoglycerides (Ciro, €35 and G318} in benzene and chlorobenzene,
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Debye and Prins showed that increasing the mmber of
carbon atoms in the hydrocarbon chain decreased the miceller
wolght. Also, the wmicellar waights were higher in henszene.

For a serxiea of heavy metal Talty acid soaps in toluene
the wmicelle sisme for any single fatty acid varied with the
metallic catian%ll In contrast, Reufman and Singl@%erxygllg
working with a series of dinonylnaphthalenasulphonates whose
cations were varied, found little varistion in the aggregate
welghts, Arkin and Singlaﬁerrygllé using benzene =olutiions of
some arylastearate soaps, found that the addition of small
amounts of water greatly decreassd the viscosity of the very
visoous anhydrous systems. This wes inlerpreted as being due
to highly elongated micelles becoming spherical. TIn contresd,
the micelle size of some dinonylnwphﬁh&l@n@&ulphon&ﬁ@3 was
found $o veary lititle on introducing waﬁ&rnllg Xt wan suggested
that this latter behaviovr was due to the micelle slize being
dependent mainly on the geomedtry of the acid residug. The
size of Aerosol OT micelles has besen oba?rvad o ise on
increasing the hydration of the ayatemolg7

Temperature has been shown to affect the aggregation of
lecithin, since in benzene i% has been found that greater

430,132

sggregation occurs on lowering the lemperature.

The addition of a second solute o the systemy; which is
insolubla in 4the solvent by itself but soluble in the presence

of the micellar species, affects the micells aize. This
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effect will be considered in detail in a later chapber on
aolubilisation.

Wicelligation of ILecithin.

In 1929 the fivel values of the aggregation of lecithin
in certain solvents were published by Price and L@W15c130
From their ebullioscoplc measurements, the observed moleculer
welghts of lecithin in sthanol and benszene ﬁare quoted as T9T7
and 3,388 respectively. This meant that monoméra wers present
in ethanol while in benzene small aggregates were formed. T4
was not until 1950 that further estimetions of the aggregation
of lecithin were made, Working with threse non=polar solvents,
heptane, bensene end isoamyl ether, PFaure and Legault«nemar6132
found from vapour pressure studiea that lecithin existed as
aggregates varying in size from 8,000 to 16,000 depending
upon the solvent. On uaing three solwvents that were mors polaw,
glaclial acetic acid; ethanol and butanol, the lecithin did not
appear to aggregate. Wo precise details were presenited for the
micelle size in each solvent, the figures merely referwing to the
two groups of non-polar and more polar solvents., then a
collodion membrane was suspended in the solvent, the lscithin
was found to diffuse through it when the more polar solrents
were used, bhut no diffusion occurred with the non-polar solvents.
If, however, the lecithin solution in isocamyl ether had 20% v/v

butanol added to it, diffusion took place. These resnlis were

interpreted as being due %o the lecithin forming complex
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micelles in the non-polar solvents, snd the addition of the
utanol to the iscamyl ether sexrving bto decrease the slze of
the lecithin micelles,

131

Elworthy, in 1959, publisbed data on the micellisation
of lecithin in benzene at 2% and 46@0 Using an osmotic
pressure technique it was found that at both temperatures
lecithin formed small aggregetes below a certain critical
concentration. Un passing this concentration, the smaller
micelles aggregated ianto lavger ones. The sizes of the small
aggregates were 3,180 and 1,830, end the critlcal concenirations
0073 and 0068g, /litre at 25 and 40° yespectively. An
approximate idea of the micellar sige of the larger pariicles
was evalusted azsuming She law of mass actlion applied %o %the
aggregatlon process. On fitting & waes action eguation to the
rasults, values were obtained for the number of small micelles
nggregating to form the large micelles. Using these values,
the larger micellar waighits were found to be 57,000 and 43,000
2t 25 and 409, Comparing these figures %o that of Price and
Lawis it would seem that the mlcellar size decrsased on
increasing the temperature of the system.

In water, lecithin disperses to form mola containing
particles of high molecular weighl, As eaxly as 1915 the
partlcle size in water was mstima%ei33@a 350,000, The fact
that the ﬁarﬁicle@ wers large was further indicated labter by

134 135
ultrefiltration apd diffusion. From light=scattering data
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Robinson, in 1960, measured the particle size as 27 x 100

ah 20@o This work was done with dilute sols wheres the
concentration was less than 0°3g./litre. Wo evidence was
obtained to indicste the presence of o eme, even at a
soncentration as low as § x 1070z, flitre. Following Hoblnwon's
work, and working with concentrated sols i? the 50 %o 150g./
litre range, Ssunders, Perrin and Gammﬁygsjuhtain@d
microscepically visible particles. By ulirasonic izradistion
of these sole, the pavticles were broken down to give stable
micelles of molecular weight 1070 From preliminery iavestigaitions
of the more dilute sols, digpersion of the lecithin by
ultragonic ivradiation again provided pariicles of sbout +he
same size as that found by Robinson.

These investigatlons of lecithin in water were all carried
ont with neturally derived materisl., Since such preparations vers
known to consiet of & varimble mixture of seversl leclithins,
some preliminary investigations of &ingle syuthetic leclithins 8
goon followed. Worklng with fully satureted leclihinsg S&mnﬁgra
founnd that the lecithin with the longest chain that provided a
stable poueocns dispersion was dilavryl lecithin. With acide of
longer chaln length the lsclithine were not dispersable.
Considering the unsatursted lecithine, dilincleyl %@cithim gave
a clear stable sol when ulirzasonlecally irraﬁia$e§3(Wiﬁh dioleyl

and stearoyl-oleyl lecithins disperaion was more Aifflounld,

They bhoth formed turbdd solrs and even on irxrsdistion, the clarzity
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obtained with the dloleyl lecithin was only temporary.
In addition to the size of Jlecithin in various solvent

gystems; its struciure and shape have been investigated.
FPaure and lLegault=Demare considered that in water the polar
grouping of the molecule lay on the owutside of the micelle,
while in the non-polar organic solvents this grouping was at
the micslle centre., Blwirthy's work agreed with thig for both
the small and large aggregates in benzene; while Saunders’

135

work agreed with respect to water,

Using d=ray diffraction studies, Bear, Palmer and Schmitijg
identified lecithin in both the dry and wet states as existing
as bimolecnlar leafleta. With a molecular model of lecithin,
Saunder$1353howed it was possible for the lecithin to assume a
configuration where the two fatly acid chains lay parallel to
each othey while the negatively charged oxygen of the phosphate
group lay directly below one of the fatty acid chains and the
pogitively charged nitrogen of the choline group lay helow the
other. Thims arrangement whereby the cross—sectiona of the polar
head and hydrocarbon tail were nearly equal would tend o make
the lecithin form a laminar micelle. In addition, 1t was
suggested that the micelle could be further stabilised by the
choline group of one molecule interacting with the phosphate
group of the adjacent molecule. The light~scattering

dissymmetry measurements of Robinson indicated that in water the

micelles gould be rod-shaped, but that the resulis best Titted
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a micelle baving the shape of a laminated eylinder of
diameter QIOi.with a thickness equivalent to a blmolecular
lgeflet. TFrom the viascosity of the ultrasonically irradiated
8018, aaymmgtﬁy was indicated, and it was calculated that o
shape corresponding to an oblate ellipsoid of thickness
aqual 4o a mingle ox double bhimolecular layer best fitted the
resulta.

In trying %o ascribe a structure %o lecithin micelles in
benzene, Elworthy used viscosgity and diffusion ﬁechniqiggo
Working at 259 and treating the micelles as ellipsoids, micellar
wolghte of 55,000 (prolate) and 54,000 (oblate) were obtmined.
He assumed that the micellar structure was elther laminar or
spherical, these two structures heing the generally accepied
micellar forms. Then by basing calculations on & molecular

model and comparing the fligures to the experimental data, the

laminar structure was indlcated as the more likely.
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SOLUBILISATION,

Solubilisation mey be defined as the spontansous
golution of a normally solvent—insoluble subsiance (the
solubilisate) by dilute solutions of a second substance (the
solubiliser) which exisis as micelles in the solvenit. As
with micellisation, most solubilisation sbtudies have been
made in aqueous selutions; the interest in nom—aqueous
gsolutions being slower to develop. In 2clutions of
amphipathic compounds, solubilisation usually only begins to
become noticeable on reaching the cmc, the effect therefore
being directly dependent upon the presence of micelles.
Ho@ever9 because of the very small micelles present below the

141,142
cmc, sub-cme solubilisation has been detected in soms

ca3es.

Solubilisation in Acueous Bolution.

143
Three main solubilisation mechanisms have been suggested,

Mirstly, bthe adsorption of the solubilisate on the micelle
144
surface, secondly, its incorporation into the micelle
145,146,147
hydrocarbon core, and thirdly, its orientation in the micelle
148,149,150 :
wall. Evidence suggests that the first method could
151,152,153
be considered as a sub=class of the third since the solubilisates

adsorbed show some penetration into the micelle wall, The
latier two methods are consideredass the mailn mechanisms, Several
other more specific methods have been suggested, these involving

154

a change in micellar structure on solubilisation, complex
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155,156 157

formation and ion-excheangs.
The factors affecting solubilisation are Aifficult %o
gonsralise dus to the uniquensas of many @olwhiliéed By 36eRs

Bome gensralisations may however, be made, detsiled accounts
143,158, 143

being given elsswhare. Klevens  stated thet most
factors which decrease the cme and increase micellar size
will cause incressed sclubilisation. Thus, considering the
chemical nature of the solublliser, as it chain length

increasen, on ascending & homologous series, ite nolublilising
143,159,160
pover also incroases. A similaey chain length change

159,161
for the sclubilisate decroases solubllisation, o decreasa

143,262
almo being obbained by decreasing its polariiy.

160,263,164,265
Tomperature increase ceuses lnoreamed asclubilisation.
There sre, of course, exceptions Yo these geoneralisatiouns.
The concentration of solubllisete in wicelles is thought
09,146,166
not to inoresase preatly sabove a platean concendiraiion.
If the molubilisate i® a solid, the micelles will become and
remain saturated, the excess solid vewmeining as a sSeparste
polid phase. IYi the solubillisate i8 liguid, that in excess of
saturation mey either remain as & second (unechanged) phese om
it may ceuse the sepavation of two phases (agueous and nou-
agqueons) each posnessing micelles and ﬁolubiliaata%43 The
entire renge of behaviour of the ternary sysitem of water,

158
amphipath and non-agquecus solvent has been describsd.



42

Solubilisation in Non-aqueous Solution.

The mechanism of solubilisation in non~aqueous solvents
18 considered to be similar to the general pattern in water.
The solubilisate may therefore enter the micelle core or be
orientated in the units forming the micelle. Water is the
best example of core solubilisation, while many dyes have
structures similar to amphipaths which enable them to fit into
the wmicelle wall. It is the solubilisation of water and dyes
that has commanded most attention in non-aqueous solvents.

The fact that water is strongly solubilised by soap in
oil was found by Mathews and Hiraehorm127who obtained a water
uptake of 50 molecules per molecule of Aerosol 0T, It was
suggested that the micelles consisted of a microdroplet of
water covered by a monomolecular layer of soap. Sodium
dinonylnaphthalene sulphonate in benzene solubilised 10
molecules of water per moleculeullTSince this latter ratio
decreased sharply on increasing the temperature, it was suggested
that the water was held by hydrogem bonding rather than as a
core droplet. The effect of temperature change has a considerable,

167,168,159
but irregular, effect on the solubilisation of water by soap.
PalitlY?ound that when soap was dissolved in a mixbture of two
golvents,; it solubilised more water than when dissolved in
either single solvent. When present in near trace quantities,
water can have a pronounced effect on certain systema, Thus,

on adding 0-0%% water to benzene solutions of sodium and

lithium soaps, Arkin and Singleterry found the viscosity was
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116
groatly decreased, This was assumed to be due %o the breakdown
of the long fthread-=like anhydrous micelles to smaller units. In
direct contrast, aluminium alkoxide soaps in benzene showed a
marked increase in viscosity when small quantities of water were
173,172

added to the dry system. This was explained by small micelles
aggregating to long thin threads,.

MeBain, Merrill and VinOgraleBfoectively solubilised
several dyes,; including eosin, fluorescein and crystal violei, in
benzene, toluene and n-heptane using some fatiy acid esters of
glycols as solubilisers. Though several of the solubilisers were
very selective,; solubilisation was enhanced by using solubilisers
containing higher faity acids and by incoreasing the temperature.
Rhodamine B has been used successfully for micelle detection and cmc
determination in beniZﬁég since its fluorescence in micellar
solutions in benzene is very much greater than that in sub-cme
solutiona, Rizzg working with several dyes in oil, tested the
solubilising action of several materials. Having found manniten
moﬁooleaﬁe to have the widest solubilising range, he subsequently
found that varying the oleate concentration produced a variation
in the degree of dye solubilisation. A minimum was found for
three dyes tested, this minimum occurring at approximately the sams

oleate concentration. This Ross tool to be ite cmeo

Solubilisation by Lecithin.

It was over fifty years ago that the first observations were

made which today would be interpreted in terms of
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solubilisation. As early as 1901, Bing, wusing etheredl.
and aleoholic phosphetide solutions dissolved various organic
and inorganic compounds sush as sodium chloride, sodiuvm
lactate, strychnine hydrochloride snd sugar that were by
themselves insoluble in the two solventis. He considered this
effect to be the result of & molecular combinatlion. Soon

after this a mlixed brain 1lipid extract in chloroform was asen

on shaking with an squecus methylene blue solution %o develop

LT7
a bhilue colour,; the dye being insoluble in chicxeform.
178
Further early observations ware that in ethexr; uaing what

was probably a mixed phosphatide prepavatlion, certain other
substances that were themselves solvent—insoluble dissolved
in the solvent when it conitained mixed phoesphatide. Examples
of such substances included glucese; trypsin and oxides of iron.
Bode and Lmdwig;?9have shown that bescause of lecithin's
amphipathic nature i{ can solublilise in aqueous and non-agqueons
solvents. They prepared s series of solutions of warying
concentrations of lecithin in chloroform and added excess uves
$0 each. The maximum uptake of urea was found to increase linsarly
with inereasing leciihin concentration, in the range C°l %o 24
leeithin in chloroform. PFor cholesterol solubilisation by
locithin in water, a further linear relationship was obiained
in the concentration range 0°0% %o 0°84 lecithin. The relative
ease with which leclithin sclubilises cholestercl in wabter has

180
been noted by other workexs. In petrolenm ether 1t has been



45
stated that neither lecithin nor cholesterol alone were capable
of solubilising uregg but when both were present the ures was
noticeably taken u%ol Saunders, Perrin and GaiiZk:ulﬁrasoni@ally
irradlated lecithin=cholesterol aqueous sols and obtained a
concentration of 104 cholesterol in water in the preasence of 20%
lecithin. This system formed a clear gel, but when the
concentrations were decreased to 8 and 165 no gelation occurred,

On extracting phosphatides from natural sources, using ether
and chloraformslmamy other substances are oxtiracited that are
normally insoluble in %hese solvents. In a study of the
solubilisatlon of several of the likely contaminants, Baer and
his colleagues used pure synthetic phosphatides. Thia work was
started using fully satgrated.&rleciﬁhinsg with ether and
chloroform as solvenﬁﬂ% ? In chloroform an upbake of sodium
chloride, sodium sulphaite and glucose was oblained. In ether; the
paturated lecithins were insoluble, but in the presence of 1%
water in the ebther the limited lecithin solubility erabled & slight
uptake of sodium chleride to be demonstrated. On chagging %o Hha
ether-~soluble unsaturated dioleyl=lecithin it was fognd that
glucose and aaochérose were solubilised in moist and dry ether
and chloroform, while sodium chloride and serine were only
solubilised in moist ether. From this it was assumed that the
solubilising action of lecithin coniributed to the unexpected

extraction of certain substances in phosphatide purification.

Blworthy has investigated the solubilisation of a series
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of twelve dibasic fatty acids in benzene. Prom this worxrk
soveral trends have been indicated, Thus the acids with an odd
number of carbon atoms were solubilised in greater amount than
thosge with even numbers. As the series was ascended; the
volume of solubilisate increamed though the ratio of moleoenles
of acid %o molecules of lecithin decreased from 2-1% for the
G, acid to 00629 for the Cjg. These facts all refer to the
large micelles, and since some Bolubilisation was observed by
the amall micelles, a correction had to be applied in all cases,
In the explanation of a possible method of the packing of the
fatty acid molecules, it was assumed that the molecules waere
at the polar head core of the micelle and that they could
protrude into the benzene. Such a protruding molevule would
simalate a monocarboxylic acid,; this series of acids belng
benzens-soluble. The difference in degree of solubilisation
between the odd and even mumbered series was explained on the
basis of a different method of packing for each series. Thus
considering the cross=section of the micelle as rectangular,
the acids of one series packed parallel 4o the longer side of
the rectangle, while the acids of the other series packed at
right angles to this.

Water solubilisation has been investigated in ghrea
hydrocarbon solvents; benzene, toluene and xylenaol ) With
three different concentrations of lecithin, between 0¢4 and 6%

in each solvent, Hthe upitake of water provided a neayxly constant
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ratio of welight of water to welght of lecithin., This ratio lay
between 0-32 and 0033 g./g. and was stated to0 be equivalent teo
about 14 molecules of water per molecule of lecithin. This
solubilisation,; which seemed %o be independent of the solvent
used in the work, was stated to be caused by interaction of the
lecithin polar grouping with the water molecules.

Wot long after this it was shown that the adsorption of
water by dry lecithin was due to the polar phosphorylcholine
grouping, sincesby comparison to lecithin, triolein and tristearin
adsorbed pO@r1;Q§ On comparizson to the saturated synithetic
dipalmitoyl lecithin, natural lecithin containing approzimately
one double bond per fatty acid was shown to adsorb water %Sgtere
It was found thalt at 25°, on saturation of the lecithin with water,
a molecule of natural lecithin was associated with 195 water
molecules, while the synthetic material was asseciated with 105
molecules, This was explained by an increase in the cress-
sectional avea of lecithin whewn unsaturation was present, allowing
a lavger affective area for adsorption at the head groups,

Recently, the solubilisation of the sodium and potassium
salis of the dye m—(p—anilino)-phenylazobenzenesulphonic acid
by lecithin micelles in benzene has been inveatig&ﬁ@g§? The dyes,
insoluble in benzene, were taken up by lecithin soluntions and
nltracentrifugal sedimentation showed them to be associated with

the micelles. The amount of dye solubilised was estimated

colourimetricallyy; and the amount of dye solubilised was plotted
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against lecithin concenitration at both 25 and 409, A1l fouw
plots had two breaks, one coinciding with the concentration
found by Elworthy for the aggregation of small micelles inte
large micellea§31%he other in more dilute solutiom. These
lower breaks were presumed to be the cmc's, thelr valuea beoing,
at 25°, 3.3 = 10m4%@ and at 40°, 75 x 10@4% from the sodium

dye and 908 x 10 % from the potassium dye,
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Peripheral nerve {ibres are known to consist of two main
structural features, these being the axon, or fibre core, and
its covering, the medullary, or myelin sheath. The moleculaxr
astructure of this sheath has not yet besn completely determined,
However, it secems that the constituent molecules sre orientated
in relation to the fibre direction suggesting that the sheath,
or myelin, has a structural rather than 2 metabolic funchtion.
This suggestion is also borne out by the fact that in abnormal
body conditions, such as starvation, the constituent molecules
of the myelin do not undergo any changs while similar molecules
in other parts of the body are affected.

J=ray diffraction studies have proved successful in

139,188

eglucidating the finer struwbure of myelin. Thus on
congidering a cross-section of the myelin, in the radial direction
iﬁ was oeen Lo consist of several similar repeating units, these
units subsequently being found to be composed of twoe bimolecalar
lipid layers plus two layers of protein, the lipid and protein
layers alternating with each other. The thickness of the protein
and lipid layers have been estimated as 30 and 553 respectively,
the whole unit being 170 - 171 i thick. These findings for the
myelin sheath result in the myelin structure simulating a cell
membrane rolled on itself many times. The sheath, or other

aimilar structure such as a phosphatide micellaxr system, would

therefore seem to be & convenient medium with which to siudy cell
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membrane charvacteristics in vitro.

On analysis, myelin has been shown Ho contain several
phosphatides and cholesterol both in approximately
aquimolecular amounts, the cholesterol being present as the
free slcohol. Tt was suggested that a steble complex of
cholesterol and phosphatide was formed in the myelinolasTo
form this complex, the phosphatide’s two fatty acid chains
lay parallelg and alongside them lay the cholesterol adhering
by Van der Wasl's forces. The polar grouping of the phosphatide
was curled over emabling i1ts8 terminal group to lie close to the
cholesterol®s free hydroxyl group. Whexre this phosphatide
Yerminal group was an amino group, there was the possibility
of hydrogen bonding, with perhaps other less specific lonic
relationships for other phosphatide termimal groups. This would
help to stabilise the complex. The fact that the thickness of
the lipid layer was less than twice the extended lengih of the
average myelin phosphatide was explained by this curling effect,
and 2l9c by the packing of long chain acids opposite shoxrt chain
acids,

From the thickness of the protein layer it was thought to
consist of two proteiwm monolayers. With the curling of the
phosphatide molecules the phosphete group lay next to the
protein layer providing the possibility of an association between
the two, with perhaps further myelin stabilisation. A% present

the nature of the protein is unknown.
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In addition to proteln and lipid, myelin coniains some
water. The amouni of water present is uncevtain or very
variable, tga range of values so far obiained being 30 %o 65%
by waightol 91%5 method of incorporation into the structural
unit is elsc speculative. TFrom X-ray diffraction data, i%
would asesm to be held in an organised manner at the ionic
interfaces alding the stabllity of sny lipid-protein associations,

Johnson, MceNabb and Roaait@x919oin an analysis of the
lipid of peripheral nerve, obbtained cerebroside, cholesterol and
phogsphatide in & wolecular ratio of 13232, On further sxzamination
the phosphatide wasfound 4o be mosily sphingomyelin, with some
cephalin and leclthin., Acetal phosphatide, inosltol phosphatide,
gangllioside, sitrandin and prodteolipids have also been extracted
from myelin and identilied, however thelr exact roles in the
sheath are 8till unknown. In the light of the structural data
available,; peripheral nerve myelin was repressnted dlagramatically
by Pinean 191(fig01)o

192

Hirt end Berchtold have suggested that the conduc%ipn of
nervous impulses could be carrvied out by lecithin. This was
based on the transformatién of the lecithing during conduclion,

from an intramolecular zwitterionlic form to an intermolecular

form. This was represenbed thuss
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The conduciion of a single impulse involved a slight movement
of the zwilterionic charge carrier, the mO”mN(GH3)§ gtructure,
This movement was used to explain why the veloclity of nexrvous
conduction was slowar then metallic conduction. Tt was 2lso
thought %o be 2o possible explanation for the nexrve only
conducting impulses of g certain intensity, and the conduction

only taking place when the lmpulse excesded a certaln intensity

mi nimame
193

Volman and Wienmer  wery recently investigated the effechs
of high concentrations of sodium and celcium ionse on myelin
gtructure. Periphoral myelin, after homogenisation with 1M
sodium chloride formed an '0il in wabter' emulsion, and exiraction
with water yielded about 504 of the myelin cerebroside,
phosphatide and cholesterol. Homogenisation with 0Qc5HM calcium

chloxride gave @ 'water in oll' emulsion which ylelded little
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Jipid on squeous extraction. This change in the hydrophilic
lipopbylic balance of ithe phosphatides (the emulsifying agente)
with ionic environmenbtal change, prompted the assumpbtion that
in vivo, iona and any other fectors capable of effecting the
same change in the phospbatide could have 2 similar action
on the cell membrane phosphatide.

A possible mechanism of cell permeability, based on thess
findings, was suggested, Thus a factor producing a change of
an area of cell membrane into an ‘oil in water' emulsion would
produce agueous channels ithrough which the cytoplasm conld
commnicate with the outside (fig. 2)» A change %o a 'water
in 0il" emulsion might allow lipid-soluble substances to croas
the cell wall. In an equilibrated area, the lipid and aqueous
layers ars parallel and the inside of the cell does nok
- commnicate with the outside.

It was further suggested that the bending of the phospholipid
layer, from the equilibrated atate, in the direction of a
Iwater in oil! emalsion would produce an increased density of
charges on the surface, thin charge density increass perhaps

being related Ho nerve impulse transmission.



THEORY OF DXPERIMENTAL METHODS .

Ao LIGHTI=SCATMIERING o

Since the theory of lighit-pcatbering has been reviewed
194200
by & mamber of authors, only a brief outline will bhe
prosented.

(2) Dilute Gases.

Here; a number of independent pardicles are considered,
each particle being small compared to the wavelength of light.
The incident electric field (strenglh, &) induces an oscillating
dipole (moment, p), in each particle, which mcts as a source of
seatlered light. The megnitude of the dipole moment is dependewnt
on the polarisability, &, =mo,

p = ot (1)
On substituting squation (1) in the squation for the electrie

field of s 1light wave,

€ wfsoon2nl{viee/N) {2)
p =ofooos2nfvien/A) (3)

where §@ i2 the maximam amplitude, v the fr@qm@nqysﬁkthe
wavelengthy & the time and = dhe location aloﬁg the line of
propagation. The Tield streugih of the scattered radiation ie
proportional to a2p/ate, o 1/7 (» is the distance from dipole
40 observer) and to sin 61 (%1 ig the angle bebween the dipole
pxis and the line of obmexvation). Dividing by § & for
dimensional correcitness (& is the veloolity of 1ight), from

aquation (3) the field strenglh of scatiered light is,
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+ [ 2 ~ P o=, ;
b veetty singy con2n{vi-xn/A)
8w

ax

; (4)
3er
Squaring egquation {4) %o glve the intensity of scattersd
1ight (ig) and equation (1) %o give the intensity of incident

light (T,),

i B 167140&25325,&12@1 (5 )
I, R

The polarisability of a medivm is related to its dielectric
constant (&) and hence %o its refractive iigix (n),
€ =L = uo=1 = drilla (€)
Brpressing equation (6) in terms of specific refractive
index increment (dn/dc),

9{2 - cz(dn/dﬁ)g/imgl\]g (6a)
where N i= the number of particles per c.c. and ¢ the
concentration in g./ml. For the gas molecular weight (M) and
Avogadro’s number (K ), MM = c/if, therefore rewriting equation
(5) for N particles and introducing equation {6a),

ig  dn~o(dn/dc)Mein®ey (1)

T, A w=

Baqation (7) is for polarised incident light, hence fou
unpolarised light,
ig 2 (dn/de ) Mo (Lrc0s°6)

; (8)
L ?\2‘]" Np ©

where & s the angle between the line of observation and the
direction of the ilncident light.

(b)) Scattering from Solulbions.

For a molute in a medium of refraciiwve index wng, equation



(6) is, néen © Arviien (2)
which isada 4o

e 2 2 2
L 277 dn/dc) Mc(lwcos ©
8. o 40/ ; ( ) (10}
1@ %ﬁﬁ“r”

Equation (10) only applies %o an ideal solution. Where
the scatiering elements are fixed in space {as in a trensparent
crystal), destructive interference hetwoen scattered rays
resnlta. In liquids and solutions, fluctuations of composition
oceunr, and considering the excess acattering of a solution owver
that of pure solvent, a concentyation fluctuation (50) can be
regarded as responsible for the scattering. There is also a
corresponding fluctuation in polarisability (6@Qo Thua from
equation (5), considering an element of solutiony of wolume w,
such that W = LAY,

i 167&4 (6c) 2@:&.».2@1

- - {11)

pd
LN 7ﬁr W

The fluctuation in polarisability can be expressed in terms of

concentration fluctuation to give, for unpolarised incident lighi,

& 2 7\2
1o 2reyn’ (an/de)? (1ecos?e) (§o) 2
o —,‘8:
I@ ?\QK‘

The concentration fluctuaition can be related to the change of

free energy with concentration,

(3¢)? - kT/(BEG/BQQ% ] (13)

)
and to the chemical potential QF1§ and partial molar volume of

soJvontk (ﬁz)w
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o
(égéi SR <mﬁﬁl (24)
\ Qe® Ve \ Je
PP TP

Introducing equations (13) and (34} into (12) then gives
ig . 2(&m/&e)2(34@aﬁge)@

I, ;\42 - (1/":,@)(%/3@3 "E

(35)

Ae the dependence of solvent chemlcal potential on solute
conceniration ie given by
M= ® o <RIV 02(§§+302+G@22+°o°) (16)
where B and C are the socond and third wvirial coefflicients
reapectivealy,
ig Qﬂ?ngg(dn/a@)2(1+aam 2@)@

Ay Py
T AFE (12864306 4000 )

subgiitating u, for n since thelr difference is negligible in
dilute solution.
Dafining Reyleigh's ratio, Rgg a8

r :ﬁ,@ (38)
R Ia(l+coag@}

and the turbidity, T as
P 16ﬂR@/3

equation (17) becomes

I%gfnm jﬁ\;i e g 1'3@‘?.:"’0(33"}'0@0 (19)

where the optical ocmmatanty H is
32mn, " (dn/de)®
INp=

H w {20)
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Bouation (19) gives the reletionship between the measurable
furblidity and opiical counstent and the molecular weight and
virial coefficients at finite concentrations. The second
virial eaefgécient can be interpreted in terms of moleculax
2

properties.

{¢) Depclarisation.

Having, oo far, only considered small opitically isotropic
particles, if small anisotropic particles are considered, &
correction to the observed scattering may have to be introduced
becaunses of random pariticle orientation. When & dipole is induced
in an optically isotropic particle, the dipole is aligned
parallel to the electric wector of the incident light. Due %o
the isotropy of the particle, no matter its orienmtation, the
dipole and electric vector remain parallel. Tn the case of
anisotropic particles, the dipole is unlikely to be parallel %o
the vector (due %o random orientation and anisotropy) this
being liesble bo cause excess scabtering which wowld have to he
corveosted for when uring the asbove equations to determine M.

For an isobropic pardicle ascattering from incldent

reeoclved.
unpolarised light, the imduced dipole can bﬁféﬂﬁ@ swo independent
dipoles that are aligned one at € = 90° in +the horizontal plane
ond the other at © = 909 in the vertical plene. On viewing
the scattersd light at © = 909 j4he former dipole will contribute
no scatter. (If scatter oxisted it would have been horizonbally

polarised.) The light scattered by the particle will therefors




all be wvertically polarised. It is the ratio of the
intensities of the horizZontally and vertically polarised
scattered lights that is the depolarisation (P), the ratio
baing used to sorrect for any increase in scatter due 4o
anisotropy.

For an isotropic pariticles the ratio is zeroc. An
anisotropic particle whose induced dipole is not aligned
parallel {to the incident light has & ratio which is usually
greater than zero., Cabannes aoghas related the excess
scattering of anisotropic particles to the depolarisation,such
that the correction factor (Cabannes® factor) for the Reayleigh
ratio is ( Sm?F )/(6+69 Yo

{8) Scattering from large Particles.

When the size of {the solute particle exceeds ?J?G it can
no longer be considered as a point scatterer since destructive
interference reesults from rays scettersd by different parts of
the particle. The interference is absent a% € = 0, and
increases as O increases. The particle scattering factor P(8),
ip defined asy,

Scattered intensity for large pariicle (22)

P(O)} =
) BScattered intensity in the abrence of interference

for a particle of o~ soaﬁt@ring points,

8) - “33%#?
p(0) WWZP Zajkri;, (22)

=k



a0
where i = (@ﬂjﬁl)ainejég %1 - ﬁ/ﬁb and %44 1% the distance

between two scattering elements. P(O) can be related to %he

radius of gyration of a particle (Bg), giving as a limiting

eXpresaion,

2 2 .4 2 (5
iﬂ}’/?(e) . 16w Hg gln @/2 (23)
RN 3N

Equation 19, for large pariicles, beconmes

. 16ﬂgﬁggmin29/2) (24)

He o 1
3%12

T, uP(6
ciﬁbOea ( )

ﬁ}wl
iR

The Zimm method is convenient for treating date on large
particles. He/Tg is plotted against (sin0/2+ke), where k is
an arbitrary constant. The lines at constant angle are
extrapolated to ¢ = O, and equation (24) applies %0 the zero
concentration line so produced. The lines at constant
concentration are extrapolated to © = Oy producing a line to
which equation (19) applies, with a slope of 2B/k. The
intercepis of both the zero angle and concentration lines are
1/M. The radins of gyration can be interpreted in terms of
molecular shap9920£and is one of the most useful quantities
obtained from light—scattering. Complete expressions for P(9)

197,205,206
have been caloulated for variously shaped models (e.g. rod,
coil, sphere) and Zimm plots can e used to give an idea of
molecular shape.

A second method of treatment for results from large

particles is by measuring the dissymmetry, Z@g where




ig ?(0)

T = -
@ = 1(i80=6) = P(iB0-8)

Usaally 345 iz measured. After a choice of molecular modsl has
been made; the appropriate corvection to the 900 scatiering

ie made +o enable equation (19) 4o be used to determine the
molecular weight. The characteristic dimensions of the
particles can also be determined from 2450

(e) Three Componeni Systems.

Where & solute is present in a mixture of two solvents,
interaction hetween solute and one aolvent component may cause
additional composition fluctuations (i.e. excluding those for
two component syetems)., The probadbility of such Fflucitustions

207,208,209
can be celculated, and for non-slectrolytes the activiiy
cvefficlients can be ezpressed as a power series whose

coefficienta can be related o various bterms; e.g. Gypy @HcC.,

in the equation

§§§2 i % (1463003 +001 82+ G001 24011000 +00p0p%)  (25)
' 2

where 65 is the concentration of macromolscular solute im the
hinary solvent, ¢, the concentration of additive solvent in
both the solution and binazy solvent (inm g./g. of primaxy solvent)
and AT the difference in turbidity bvetween solution and solvend
mixture. Alsoy

Hy = 32in,° (dn/dcg)? /3™ NP, (26)

where (6n/des) is measured in the binary solvent, and Po 18 the



mass of primany solvent per unit volume of solationo'
Experiments have been done by Blaker and B&dgarglg on
nitrocellulose in acetone-wator mixtures in which a specifiec
adsorption of water by the macromolecules was shown. The
use, therefore, of equaition (19) in such a solvent may lead %o
incorrect molecular weighta., A correct value can only be
expected 1f the two solvents had the same refractive index op
if the refrictive index of the solvent mixture was independent
211

of solvent composition.

(£) Molacular Weight Averages.

When a particle size is obtained for.aach a8 a micellar
solute ox fractionated polywer, the size is usually that of an
average of all the varying-sized particles consideredo These
gize diastributions can be treated statistically to provide
several average values depending on the method of calculation.

The number average molecular weight, il,, may be expressed
Ly s

ﬁ;.” Ezmimi/ﬁzﬁi
where Nj is the number of particles of type 1 present, My belng
their moleonlar weight. This summation 1s for all types of
molecules present.

o

The weight average moleculay welight, My, is given hy:

iy ”‘§zmﬁmﬂ/izwi

wheore Wy is the welgbt of specles 1 present.
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For a homogeneous mixture ﬁ; = mha Their ratio is a
useful indication of the degree of polydispersity of a sgystem.
FMarther statistical averages are also obtainable. Thus by
rewriting
My = WMy />0
and W, = EZNiMiE/ESNiMi
& higher average, the z -~ average, can be denoted by
T, = W0 3/ Y w2
If the molecular weight is evaluated by methods using
colligative properties, ﬁh is the average obtained., The light=

scattering technique yields ﬁ;o

B, VISCOSITY,

For dilute colloidal solutions where the solute is in the
form of rigid spheres,; the Einstein expression for the relationship
hetween the viscosities of solution.(vy) and solvent (\70) ie

v) = ﬁ%(1+2°5¢) (27)
where ¢ is the solute volume fraction. This may be rewritten in

the form

anw=qwﬁ=2% (28)
where \qrm(vy/vyo) is the relative viscosity andw7ap the specific
viscosily.
Among the assumptions made to derive the equations, Finstein
assumed that the solutions were sufficiently dilute that no sclute~

212,213
solute interactions occourred, and it was subsequently shown
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that the eguations were wvalid up to solute concenirations of
about 3%. On the basis of equation (28), if 0?%p/¢) is plotihed
against ¢, the intercept at (?SP/g)ﬂﬁﬁ ig 205

214,215
Following this work, investigations were made of possible
adaptations of the Finstein equation that would hold for rigid
non=gpherical pariicles. This led to the evaluation of the

216
Simha relaticonship for ellipsoida

v = v)@(l'e-@gaf) or V) E;.).p/g))' = N (29)
where Y was a funchion of the axial ratio of the ellipsoid and
was eaqual to 2°5 for spheres and larger than 25 for ellipsoids.
Simhaglﬁalao derived VY in terms of axial ratio Tor both the
prolate and oblate ellipsoids; the prolate being obtained by
rotating an elipse about its major axis, the oblate by rotation
about the wminoxr axis. Mshl, Oncley and BimhaleOn the basis of
the Simba relationships, then evaluated ¥ for both ellipsocids
having axial ratios of 1 to 300.When the ellipsoid axial ratio
s large, the prolate simulates a long thin xod; the oblate
simulating a flat ciroular disec,

An experimental value of the viscosity interceph, G?@p/ﬂ)ﬁéo
represented by &73” can thus be compared to the values of Wehl,
Onecley and Simha and the particle axiasl xedio determined. The
axial ratio is a useful factor for helping to assign a shape to
the particle and hence in constructing models of the particle.

On deviating Trom a spherical shape; the particles are considered

t0 become ellipmoidal, such thatl they approximate to elither a



65
prolate or oblate ellipsecid.

The above Einstein and 3imha relationships have heen
modified to apply to o solvated solute. Dolvated pariicles
aot hydrodynamically as particles of macromolecular solute
plua solvating liquid and have higher wvalues of[}f}than the
same unsolvated soludte pavrticles. Thus for spherical aalv&tsd.
particles, Eﬂ}'&ofia To apply %o solvated particles, Oncleyzw
derived the fglationship

¥ ap/# = (Leu/5p) (30)
which fox a spherical solvated solute may be written as

Vgp/¥ = 2°5(1w/5p) (31)
where w is the weight (in g.) of solvatiing liquid pex g. of solute,
@ the density of the solvating liquid and v %he partial gpecific
volume of the esolute. Thus for a apherical solvated solute of
known {%fag the extent of its hydration may be calculated.
Also, for solutes of kaown solvation and &?ﬁsﬁ)valueﬁ wmay be
obtained. To fully characterise a aolvatedﬂaaymmeﬁric solute,

either the degree of solvation or asymmetry would have %o be

estimated by another techaique since both factors are included

(a) Mick's Lawaso

Co TRANSLATIONAL DUFFUSION,

IT in o solution there is an unequal solube concentration

in different perts of the solution, solute will flow frow the
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high concentration areas to those of low concentration till
the concentration throughout the solution is constant.
Tranalational diffusion is this flow of solute.

According to Fick's first law, the amount of subsbtance
diffusing in direction X across an area A in time dt is
proportional to the concentration gradient de/dx. Thus

dm G{A 45 or  dm s mmg;‘ ah
where D is the diffusion constani. On sliminating dm from this
relationship, Fick's second law iz obtained, Thus if {two planes
of unit area and perpendicular fo the concentration gradient are
considered, one at x and the other very near x at (x+dx), the

flow of matter per unit time through the planes will be

do de 4 frdel,
Ty and P& &x\Dbx *

The flow difference is therefore

a_ (ﬁ“)ﬂx

dx v pe

Thus the rate of change of concentration between the planes 1s

Jo

I ( zx)d" ( »g)

wf  TEomn L)

dx dx i dx
which can also be repreaenked an éa/éto Thu &
de . & (ple
b }x

Assuming P %o be indspendenﬁ of councentration, we gel

% . 3"){ (32)

which is Pigk®s second law., On evaluating ¢, x and ©

experimentally, Flek's second law can be used to obtain D




a7

(b) Remtricted Diffusion.

This may be considered gs a characteristic of a diffusion
gystem existing between tw plates such that material is unable
to pass through the plates. Considering a reatricted diffuasion
system whereby the distance betwesn the two plates is f.i, anch
n system has the conditione, firstly, that (b@/bx) s 08b Xtmo
and X = '{l (i.@. &t the plates) for all values of 4, and secondly,
that the initial concentration ¢ = £(x). It now remains %o

golve equation (32) under thess conditions.

219
Thus for the concentration at height x,
e O 2 a2
¢ = e, -f-EA. oxXp (mm'n 7w /E°) cos nwx/f?
Yhea

7 (8 4
where ¢g w %,X f{x)ax and A, = ajﬁ‘(x)ms(n‘rrx/%)&m

» YO ' ,fz o
From this solutlon it can be seen that when § =, © = 0y, wWhers
e, i8 the average inltisl conceniration, and hence a further
condition of resizricied diffusion 18 med.

220
After the fashion of Harned and Muttall, if concentrations

wore meamured At X = 46 and X o 5876, the conesmiraition

difference betwean the two levels wonld be

B= O
G pJe= © s > A axp(=Din r‘”/@.“")(mm{n 77 /6~con5n 57 /6 )
46~ °54/6 ‘%‘;“i% ’ (33)

For even values of n, cosn 7/6 = cosbnwr/6,; and also for odd
valuos of n, 00sniT/6 =-cosS5u77/6. Thus the cosine terme with
oven valuas of n disappesr while those containing the odd valuaes
contract to 2cosntr/6. On enmumerating 2cosn7r/6, values are
obtained of /3 forn = 3, O forn = 3 eszfoxﬂ n = 5 ebo.

Equation {(33) thme becomes
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&3 ‘gl/é e S‘Q’/é‘m A{@J{'{J (““D'ng/fg,g) -&*Agexp(mmﬂfﬁz/,ga) +ooo (34)

where the constants Aig Aég see Gonbain the evalunated coslne
torms., It will be noticed that the term where nw3 has
disappeared, this being due to the convenient choice of Xmﬂyﬁ
and 1=50/6. As a result, also of this choice, the second and
subsequent terms on the right hand mide of egquation (34) are
very mach smaller than the first term amd if a short delay is
observed, these former terms become negligible. Eauetion (34)
can then be reduced to

/6 ~¢59/6 = A%exp(wbﬁwg/ﬁ?)

which on differentiation bescomes
é%ln(qg/smcsejﬁ)mnqﬁb/%? (35)

Thus on plotting 1n(cg/6m05£y6) against time, a straight
line i obtained of slope =w°D/{%, Since the difference in
concentrations was proportional to the difference in the
reciprocal resistances for elecirolyte solutions, Harned plotited
the logarithm of this difference against time. TIn the
subsequont diffusion worlk,by the same reasoning, a plot is mads
of the logarithm of the difference in interferometer reading
ageingt time.

(e) Diffusion and Molecular Properbties.

For translational mobtion of spherical particles of large
dimensions relative to surrounding solvent molecules, Stokes
expressed the frictional coefflcient (£) of each particle a®

€ = 67’!'173‘
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where ¥ 1s the pariicle radius and q the solvent viscoslity,
On expressing » in terms of molecular weight and paritial
specific volume of the paviicle,

£ a0 6oy (3 /4mr) /3 (36)
where v 48 the reciprocal of the solute densiiy (L.e. pertial
specific volume). |

221
vince from Fick®'s first law it can be shown thatb
D = R/ (37)
where R is the gas constant and T the absolute temperature,
substitution of equation (36) in equation (37) gives, for

spherical particles,

o = G BT (28)

where D, 48 the diffusion coefficient

To obtain Dg for nonm@phérical particles, a frictional
coefficient correcitlon factor has 4o be included in the
ralationship in orxder that a frue molecular weight be calculeted.
The need for this corwvsciion factor, or frictional ratio, arises
bacanse of solvation or deviation from e mpherical shaps. Thus
the frictional ratioc, f/f@9 may be represented by

£/fg = (£/26) (fe/fo)

where the ratio is split into the szolvalion and asymmetry factors.
Considering asymmetry, the {rictiomal retio (f@/f@) has been
shown to be related to the axinl ratio of prolaitie and oblate
ellipsecids. Ths by using the value of qu from viscesity,

222
it is possible to derxive f@/f@o Tables have heen prepared




70
223
contelning this debta  assuming that the deviation of qu
from 2% is due only to asymmetry. o
This viscoslty intercept can also be interpreted as the
solvation frictional factor, f/f,, by assuming the deviation
of ﬁ73 from 2% is caua@glgy solvation., Thus from equation
(31) and the relaﬁionahip-
£/Ey = (Law %b)l/S
1t can be seen that
2/t0 = ([g] /2050173
Thus for particles that are either solvated or asymmetric,

or both, the particle molecular weight is caleulated from

equation (38) in its modified forms

R

= D(L/T =
Do = D(£/E0) T

Having obiained the moleculay weight of a hypothetical
unsolvated spherical particle, a gulde to the shape or solvation
of the particle may be obiained by calculating fo and comparing
it with the observed value of f from equation (37). t/fs can
be treated in terms of deviation from spherical shape, solvation

or a comhination of both factors,.
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PART 2,

KEXPERIMENTAL, RESULTS AND DISCUSSTON.,
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MATERTALS o
Leclthin,

This was prepared from fresh egg yolks by the following
goneral method§24The yolkse of 12 eggs were dropped into about
300mls, acetons and the mass was glirred for 15 mimtes after
which time the extract was filtered and discarded., This
extraction was repeated twice, final acetone traces being
removed by rapidly sucking 100mls. of ethanol through the
residue, The residue was then stirred in 400 mls. ethanol for
about 2 hours, and filtered. The filirate, which contained
the extracted phosphatides, was retained and restirred for a
further 2 hours in the presence of 100g., alumins powder (BoD.H.,
for chromatographic adsorpbion analysis). The alumina adsorbed
the unwanted amine phosphatides, leaving lecithin and
lysolecithin in soluitlon. The absence of the amine phosphatides
in solution was demonstrated by evaporating a 2 ml., portion %o
dryness and dissolving the residue in 1 ml. chloroform. On
boiling with 2 mls. 0°3% ninhydrin solution in this solvent no
purple colour was obtained. If colour appeared the solution
was restirred for half an hour with a further 30g. of alumina,
and {then retested. When the test gave no colour, the mixture
was filtered and the alumina washed with 100mls. ethanol. The
washings were ninhydrin-tested, and if amine-free, were bulked
with the previousg filtrate.

This ethanolic solutlon of lecithin and lysolecithin was
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then evaporated undexr vacuwam on & water-bath at 409, The
resldue was baken up in a minimom of ether and the etheresal
solutlion poured into 250 mls, of cold acetone. After standing
in the cold for 15 mimates the aupernataﬁt liquid wes decented
from the precipiitated phosphatides and evoporated at not more
than 400, The remaining phosphatides present in this solution
waere reprecipitated in acetone from ether. The combined
precipitates were dried under vacuum and welighed,

This lecithin=lysolecithin mixture was chromatographed on
silica gel (B.D.H., for chromatographic adsorpition), using 4g.
per g. phosphatide mixture and 25% V/V nethanol in chloroform
an solvent. For a column load of 12g. phosphetide, 400 mls,
aolvent eluate were collected and evaporated at not more than
409, When the solvent was removed the residue was dissolved
in a minimam of ether and precipitated in cold acetone as
previously described. Pinally the lecithin was dried and kept
in the dark in a vacuum dessicator over anhydrous calcium
chloride.

A Sest chromatogram on sllica gel indicated that 400 mla,
of solvent was sufficient to provide a good yield of leclithin.
Purther elution was uneconomical due to the very smwmall quentity
of lecithin that was obltained. Amalysis figures for the various
lecithin samples used in the subsequent work are presented in

T&bl@ ,} o



Table 3.

Analyris Figures for Lecithin Samples.

Lecithin Sample jiCA P% Todine N,
A LoTH 382 73
B 177 3081 60
¢ 181 3088 41
D 1-86 3-80 52
B 186 3269 51
P 1-88 380 62

synthetic Lecithin,

I=0={dipalmitoyl)-lecithin (L.Light & Co. Ltd.) was
559225
purified by chromatography on eilica, Anslysis gave W,
1o9% and Py 4o1%. Calculation of N and P for CyqfgyNOgP
gave the same figures.

Benzene. Analal benzene was purified by fractional
erystallisation, drying with sodivm and fractional distillation.
It was stored over sodium and hed n%ﬁg 124979 (14981).
Toluene. AnalaR toluene was sodium dried, fractionally

25

distilled and stored over sodium and had np”e 14940 (1o494l)o

Carbon Tetrachloride. AnglaR carbon tetrachloride waes dried
over anhydrous calcium chloride, filtered and fractionally
distilled, It had n%sg 104604 (1.4603),

Methanol and Ethanol, Thease were refluxed with wmagnesium



&

T4
.
and lodine and distlilled. Metharol had n%)9 103315 (1°3306)

and ethanol n%ﬂg 13619 (23614),

n—=Buliancl end n-Hexanol. Afber drying with anhydrous
potassium carbonate and filtering, they were fractionally
dietilled. n=Butanol had n%59 104020 (1.4012), and n~hexanol
n§®9 104191 (3°4179).

n=Heptane. n-Heptane ASTM (Fluka Inc.) was used as supplied
and had n%§9 103862 (1.3851),

Water, This was distilled once from a seasoned Manesty still,

The Tigures in parenthesis ave literaturs vaiigggﬁz

refractive index.

Additional Materials.

Indox. Fresh "Imdox H.S." colloidal silica (Durham Chemlicals
I4de) was used,

Cadmivm Potassium Todide, After drying over anhydrons
calcium chloride it analysed correctly (CﬂIEOZKIOEHQO) for iodine
conbent when the iodine was 3:@1@@5@@8 and titrated with potassium
iodate nsing starch as indica%orozg

Polystyrene. Samples were kindly supplied by the Wational
Chemical laboratory and Wonsanto Chemicals Lid.

Qraternary Ammonium Compounds, Hexamethonium iodide,
decamethonium ilodide, hexadecamethonium iodide and decamethoniuvm
bromide were obtained from Dr, P.H. Flworthy. They had been

229
purified for use in conductance work, all having purities of

over 9905%.



5
Cholic Acid. On recrystallisation from meithanol and
deying, the melting point was 198°5@(19§§?9 and the equivalent
welght by titration 419 (409).
(lyoine and Potaselum Chloride. An&laﬁ‘&nalytieal roagents
were weed,

Tropaeolin 000 (B.D.H.). This was recrystallised twice

From water.
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THE LICETP-SCAPTERING PHOTOMEIER,

Dovelopnent and Description.

Idght from & 250 watt mercury vapour lamp (Osram, type
ME/b) was made parallel for passage through the eell by
pessing it through an optical system composed of a series of
glits mnd lounses, &5 shown in £ig. 3. The groen lime (5463 2)
was isolated by meens of an interference filter together with
& neodymivm glass Yo remove completely traces of yellow
light. Final collimation of the beam, before 1t entered the
cell, was achieved by pessing the incident light through Hwo
beam=defining slits 2125 mms. in size and 32 oms. apart, the
nearer siit belng 10 ems. from the eell entrance window.

The resuliting beam pessing bhrough the cell messured 2x26 mms.
The light source power was sbabllised by s volbage otabiliesex
(1 advance’ Voldstnt, type CVN 250 A) to minimise lamp imbensity
fluotuations., My fouviher small iantenslity Ffluctuations could
be sutomatically compeneated for sinee paxt of the light from
the lemp was fed %o a photoocell (BMI, type 25110) which, if
negessaxry, could be readlly incorperated in the clroculibtry in

such a way as to maak lamp intensity fluctunaztions.

The seabbered light was received by an eleven—oitage
photomaltiplier (EMI, tube type 609TB) whose mlgnel was

recorded by a 4°'Arsonval gelvenomeler and 50 om, scale. The
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voltage o the photomliéiplier was supplied by two power
supply units (Siemens BEdiswsn, type B1184) in series. Though
capable of supplying 1100 volis each, their total output
was always restricted to 1500 volts. A% highor voltages
than 1500 volts, photomalitiplieor darxk currvent offects made
the readlngs difficult to obtain.

Before reaching tha photomultipiier, the scattered light
possed through two s8lits 3xl0 mmeg, in size and 8 cms. apart.
The slit at the photomultiplier end window waw adjacent to,
but not touching, the window. The dual slit sysiem ensured
correct viewlng of the beam passing through the scattering
golution. The photomultiplier was housed in a cylindrical
metal tube. The entire unit, including the photomltipliexr
roslstance chain, wasg mounted on & broad tufnol arm which
resied on & wafnol board, the arm being pivoted beneath the
contre of the cell giving a very smooth movement of the
photomrliiplier around the cell. Dark current was reduced by
ralsing the photomultiplier tube wall t¢o cathode potentlal
and covering it with insulating tape. The entire photomeiey
ia illustrated in Plate 1, the optical and eleotrical sysiemns
being presented in figs. 3 and 4. To reduce stray light,
part of the apparatus was enclosed in a llghiproof hlickened
boxe

Initially, work was directed towards improving the

231
cell and cell holder design in order to reduce siray
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Aight. The cell was a simple rectangular all=glass cell of
5 om., optical path length and 5xl cm., basge which sat in a blaclk
painted rectangular cell holder. The heldsr had a curved
perapex viewing window and glass entrance and exis windows.
It was thought thet the meian canses of stray light were the
four windows through which $the incident beam passed during its
passage through the cell and cell helder. In addition, though
the cell holder was completely blackened, the two long walls
of the cell were glass and could therafore act as reflecting
suxfaces.

Two factors soon cmerged from the early work. Mirstly,
less stray light was found using 1z8 om., cells then with
1x5 om. ¢ells, Becondly, from tests with a flat glase
window atbached to the cell holder; it wes found necessary
0 have a curved viewing window through which the scattered
light left the cell holder, the eurve being concentric with
the arc made by the photomultiplisr when viewing the angular
seattered light. Uszing the longer cell and a suliably
ourved perspex viewing window, work was direcisd towards
roducing the stray light found in the 8em. cell,

To btzry and reduce stray light by removing & region of
gharp refractive index ohangse, the holder was filled with
liquid pareffin whose refractive index was approximetely

goqual to that of the glass of the cell., Wo appreciable
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improvement was Lound and, as 1% was more convenlent, waler
gonbimied to be used, Directing attention then to tho
four reflecting windows mentioned above, and also to the
long walls of the cell; various modifications were tested.
Firstly, e cell holder entrance window of polished perspez
was wsed, perspex enabling the window to be attached fo
the holder, neasyx its corners, by four scraws. "Boatic'! power
adhesive was smeared between the holder and window %o ensurse
a watertight joint. With such an arrangement; the entrance
window was aligned exactly at right angles to the incident
beam by adjusting the tighiness of the four screws, A
raeduction in stray light resulted,

funoident beam reflectlon from the cell holder exit
window was next inveabtigated. In order to reduce this
0 & minimum a2 thin glass window, cut from a microscops slide,
was substituted for one similar %o the acrew-attached
perspex entrance window. This, however, was found
vnsatisfactory dae to the difficully of obtalning the 90°
angle betwoen the beem snd window since it counld not be
held directly by aligning screws, The glass exit window
was then set at approzimately 45@ %0 the beam, ( the angle
not being critical) the reflections leaving the cell vis an
angled piece of polished psrapex, the perspex also holding

the glass in placs, Thias; too, was found o have no advantage
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ovey the perspex exit window whose sngle to the heam ocould
be adjusted; and therefore both windows were of the latter
dasign.

Yhen adapied to accommodate 8 cm. cells the cell holder,
inside both end windows, hed blackened channels 1°5 cm&,
long through which the beam had to pasé before entering and
after leaving the cell. The presence of these channels reduced
gtray reflections. On attaching the windows to the inner
ends of the channels an increase in s8tray reflecliions was again
obtained. This indicated that these channels reduced stray
reflections arising from the cell holder ¢nd windows. The
effect of placing a third beam=defining slit directly inm fromt
of, or directly behind, the cell enitranmce window served only
%0 increase unwanted light.

To try and further reduce unwented light inside the cell,
part of the exterior of the cell was painted with blackboaxrd
palnt, thia preventing eny stray light present in the cell bolder
from entering the cell. The entire back face of the cell was
painted and also the front face, from each ond window inwards
leaving & central area such that scattered light could still be
viewed between 45 and 135°, This provided a drep in stray

[ scatter, eliminating reflectlions from the cell holder walls.
There was 8till, however, the interior glass surface of the csll,
this being a very likely mource of unwanted light., Thie was

gtrilingly seen When blackened brass plates were put inside
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the cell %o cover the same area of glass as that covered by
the paint. With the brass plates in position, ?45 values of
1206 to 1.00 could be obtsined consistently ?ﬁgzgfch 59
toluene,; 0°54 agueous potessium chloride molutions and dilute
Indox solutions,

Since these good disgymmetries were readily repeatable
with the brass plates in the cell, the glass cell was replaced
by a rectangular brass cell with glass windows (fig. 5).
Before attaching the windows, the brass was blackened by the
Relonol process, the windows being held by 'Arxaldite’. This
call was 7 oms. long and 9 mms, wide, these dimensions enabling
a smaller volume of solulion to be used than that required by
the 8 cm. all-glass cell. As purely a iest cell, promising
results were obtalned. Though possesaing the advantages of
entrance and exit channels 2 cms. long and a matt black innewr
surface, the nmarrowness of the cell made it wery difficult o
align at vight angles %o the incident beam,

During the testing of this cell, an alleglass cell of
similar size was obtained, the cell being constructed with
optically ground glass faces accurately angled at 90Y to each
other, To house this cell a new cell holder was designed
(fig. 6). Thisg cell holder which was made from & solid brass
rod, was cylindrical in shape and had incorporated in its
design the features found advantageous from the earlier tesbs.

Thus it had a curved wviewing window, perspex adjustable entrance



and exit windows with enfrance and exlit channels inside the
windows and a brass plate to restirict photomuliiplier viewing
to just over %he range 45 to 135% Iis entire brass surface
‘was Relonol-blackened., A further feature was that the inside
of the back wall was concave aince it was thought thet this
extra volume might serve as a light itrap for stray reflections.
Interconnecting vertical tubes were cut in the back wall %o
facilitate thermostating.

After prelimlinmery tests with this new cell holder and glass
cgll, the curved back wall was identifled as a useful light
trap. However, the glass back face of the cell still remained
as a surface for reflections. At this siage it was thought
that if siray light was to be further reduced it would be wise
o ure & cell that did not have a glass back face. On filling
the cell holder with watery the cell not being in the holder,
surprisingly little stray light was found., Wost of the stray
scatber that was present arose from passage of the incident
beam through the 0029 inch thick perspex of the windows. This
thickness was necessary o make the windows vobust snd o
prevent them curving when screwed to the cell holder. This teat,
in the absence of the cell, further suggested that & reduction
in unwanted light could be credited to the concave back wall
and to ite black matt surface. With these factors in mind and
with the encouraging resulis obtained with water alone in the

cell holdexr, it was thought possible to design a cell of
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gimiltor shape to the cell holder, but mach swaller in size,
that could stand in air rether than in a water bath. The
advantage of such & ecell would bhe that the nuamber of windowa
through which the incident and scadterved light would have %o
rass would be halwved, this lumedistely reducing unwanted
reflactions, Also there would be no refwaction effects due %o
water surrounding the cell. A cell,; oylindrical in shape,
wan thus made and was the cell used for the light-scatiering
studles.

This new cell, (fig. 7) which was also made from a solid
cylinder of brasas, had two pérall@l Llattened faces %o
gocommodate the windows through which the incident beam paszped.
These flat faces were limms. broad, thia lesving sufficient
spaca to attoch the entrance and exit windowg, %the entrance and
exit 8lits belng 4dmme. broad. The two {lat windows were cutb
frow microscope slide glass, the glass being lmm. thick. The
surved viewing window, having to be more yobust, was made Iiom
2mms. thick glasa, {the curvaiure of the inside of the glass
being the same as that of the ouiteide of the cell. Above each
of the %9mms. long entrance and exit channels was a small hole
2 Hmma o iﬁ diameter which enabled trapped alr to escape Trom
$he channels when the cell wes f£1lling with solution. A series
of vertical tubes war cut in the solid back wall of the cell,; with
the tubes connectaed to smable watew to circulate and provide

thermostating. The tubes were covered at the top of the cell
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by & bress arc and at the bass by a circmlar base plate.

Bofore attaching the windows, the entire cell was blackened ,
again by the Relonol process,; Hthis providing the necessary
black mett surface. The blackening on the outside of the cell,
where the windows were %o be abtached, was rubbed off befors
attaching the windows since this permitted sitronger adhesion
of the windows., The windows were attached, again using
"praldite’ and caring at 37° overnight. This slow low-temperature
curing to harden the sdhesive was necessary because of the
difference in coefficients of expansion of glass and brass.

Wo strain lines or breaking of the glass occurred on cooling
from 37° as did ocour on cooling from higher temperatures.

In the photometer the cell sat in a Twms. deep depression
cut from a plece of tufuol., This ssating was made such that
the cell fitted neatly inito it and also that the centre of the
cell was dirvectly above the pivet of the photomlitiplier arm.
When liquids were in the cell and when the beam was passing
through it, slight incident beam reflections were obbtained from
the enbtrance and exit windows. These reflections appeared on
4he metal suxrounding the last beam=defining slit. On rotating
the cell in ite8 seating, a point was reached where both these
reflections coincided with the incident beam. A% this point
the entrance and exit windows were at 90° to the beam and beam
reflection was masked by the beam iteelf. The rotation of the

cell to this position provided a simple method of ocell alignmend
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and enabled the cell to be placed in exaetly the same position
for successive readlngs.

With exfernal and internel dismeters of 48 and 28mms. the
cell required 35 to 40mlis, solutbion before readings could be
satisfactorlly obbtained, This disadvaniage of having %o usme
falrly large volumes of soluilion was, however, far ocutweighed
by the fact that stray light was negligible. The broad curved
viewing window of the cell permitted Z45 values o be oblained,
while the enirance and exit channels wewe of sufficient length

that the points where the incident beam struck the glass windows

could not be seem. To prevent the possibility of light

travelling from the last beam—defining 8lit %o the photomiltiplier

by reflechion from the surfece of the viewing window, a metal
plate was plased parallel o the incldent beesm, between the
8lit and the cell,

Yor the earlier work on the micelle formeation by lacithim
in four alcohols, a low semsiiivity spot galvancmeter was used.
To increase the signal received by this galvanomeiter, the ousput
signal from the photomulitiplier pessed through an amplifierx,
the clrcuit of which was beased on that described by Obttewill
and P&rrieig% This enabled the voltage being fed to the
photomultiplier to be kept below 1500 volis and still provide
full=scale galvanometer readings. By keeping this input wvoltage

minimal, a much smaller noise to signal ratlo waa obtained fox

the photomuliiplier which decreased the annoying flicking of the



galvanometier needle whilgt taking readings, ALl eleciric
leads near the photomaltiplier were scresned to reduce unwanted
glectirical plck-up by the photomultipliexr. On changing to the
more sensitive A'"Arsonval galvanometer and 50cms. Boale, the
amplifior was discarded since the signel from the photomltiplier
was mufficient in itself to provide full-scale deflections when
the input to the photomultiplier was still below 1500 voliba.
The slight movement of the galvanometer nsedle which still
remained was effectively damped by placing a resistance across
the galvanometer terminals. This galvenometer, without the
amplifier, was used 1n the subsequent work,

The presence of dust in solutions for light-scatitering
has to be avoided since it acts as & source of scatier with a
resultant error in the acatiering intensity. ALl solutions
were therefore filtered inte the cell through a We.b sfintercd
glaas filter to remove the dust. I4% was found that for ithe
aystemns studied one or two Tiltrations weve generally sufficlient.
Wo decrsame in the scattering intensity wes found on repeaiing
the filtrations; an increase being found after four orxr five
repetitions., When the coll was filled, it was covered with a
flat, bleckensd brass 1id %o prevemi the access of dust while
the solution scatitering was messured, All readings were made
at 2080050,

Molecular VWelght Determinations.

In using the light-scattering technlque to evaluaie
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wolocuwlar weight, thiee mesin Lfactors have to be dedtermired.
They arve

{a) the mpecific refysctive index increment,

{b) the depolarisation of the scatiered light, and
(¢} the Reyleigh ratio, or turbidity.

lagts

This duder factor ie evaluwbed by using o calibrated light-
seattering standard swch as a perapex block., By compayring
the seathering of the solutions to that of the standard, the
measurements being mede at 909, the turbidity of each soluition
was obtained.

Two other faoctors, the dinsymmeiry and the cons angle
corraction; have alsc Lo be obtalned for molecular welght
daeterminations. The diaaymm@try wae measured os the solution
seattering ratio at 45 and 1359, the solvent scaitering ab
these angles heing subiracted. The cons angle corvaection was
neceagary due to the diffTerence in refraclive indices of the
media bthrough which the scatiered light passed on trevelling
between the incildent beam and the photomultiplier end window.
Since the photomuliipiler 4id nol see past the edges of the
boam, and since calibration was by aqueous Iadox solutions,
this correction factor was eguivalent %o the smguare of the

233
refractive index of the scattering solubtion dividsd by the
square of the refractive index of waltsr.
(&) The Spscific Refractive Tndex Incrementd, dn/de,

Hince +this factor is squered when used to evaluaste
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molecular welght from lighi-scattering, ite measurement had
to be made with precision., To obbain the required accuracy a
Rayleigh interference refractometer and lem., opitical path
length cell (Hilger and Watts, type Ml54) were used; the cell
being enclosed in a watefajack@% (%ype M322) and thermostated
to 20 & (0:01°, The light source was a Pointolite lamp, i%s
light being wade monochromatic before entering the refractometer
by passage through filters similar %o those used for the
incident beam of the photometer,

In the determination of dn/dc, care was taken %o use
sufficiently dilute solutions for comparison to the solvent or
two solutlions of sufficlently small refractive index change such
that the location of the Zoroe order band wes unambiguous and
below the first region of any band shifis. Thua for a solute .
whose dn/dc was approximately Qclml./g., the maximum concentration
difference between the two compartments in the cell was westricied
to about 0.5%, When & solvent was used whose rate of evaporation
was too great to ensble accurate readings 4o be obbained, the
cell compartments were covered with thin glass 1lids cut from
coverslip glass of a microscope slide. This restricted the
evaporation sufficlently to permit'conaiﬂ%ent readings o0 be
obtained, the +thin glass enabling the 1id of the water jacket
to be tightly closed. The stoppered cell used in the diffusion

work was not available at the %ime the dn/dc values in volatile

solvents were heing obtained.
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The technique uased for measurements was similar to thatb
described hy Bauwor, Fajans and Laiii for monochrometic light.
This consisted firstly of obitaining the zero reading,; Ty, with
solvent or the same solution in both compartmenis. This reading
was obbtailned by matching the zero order band of the two patiterns,
this band having colourless edges, using white light and then
ingerting the filters belfore accurate matching. One of the csll
compartments had its contents replaced by a solution of
different concentration and the baud patierns were approximately
rematched using white light, The filters were then lnsexrted
and the patterns matched exactly. This gave a reading, », The
micrometer scals was then turned slowly towards zy, the nmumbexr
of bands passing the reference pattern zero order band being
counted, till ¥, was veached., The band patterns wore then
exactly matched at the band nearest rgp. If the number of bends
counted was Fy, and the third reading »{ the scale reading
equivalent 4o one band was (r'=z)/F = Tg. Thus the fraction
of a band between »° and ¥y is (v'~x )/re = 5 and the tobal
mimber of bands resulting from the refractive index difference,
dn, between the two compariments is P + £ =APF. Since the
rgfractive index difference is gilven by

Rg=hy o (%/d)o&F
where A is the wavelengbth of light (ome.) and 4 the opiical path
length of the cell (oms.), the specific refractive index increment

is given by dn/de = 5461:810“80&1“/&\@
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where Ac is the solute concentration difference between the two
compartments, in g./ml,

The interferometer was checked using sodium chloride
solutions as standards, good agreement being obtained on
comparison to published dzégo The error in (dn/o‘tc)2 was
subsequently estimated am igg%o
(b) Depolariseiiion.

This was determined by isolating and measuring the
intensities of the horizombally and vertically polarised
components of the scattered light. The two components were
separated by inseriing a polaroid disc cut with one edge
parallel to one exis of transmission,in the path of the scatterad
light. The comtribution of the solvent to both components was
subtracted from the values for solutions. Since some high
depolarisations are reported, particular care was taken in
checking the technique.

To establish LT the direct ratioc of the two measurements
was aqual to the depolesrisationg the sensitiviity of the
photomultiplier e both components was debtermined. For this
sensitivity check, the cell was replaced by s small torch bulb
which was connected in series %o a l¢%H volds bhattery, a 1000 ohm
potentiometer and a switch. The light from this bulb was
sufficiently weak to allow the photomultiplier to view it directly.

The %two polarised compoments of %the light emidtited by the bulb

were then measured at several setitings of the potentiometer,
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the mean ratio of the components belng a measure of the
photomltiplier’s sensitivity.

aring the work with the four aliphetic alcohols as single
polvents, the sensitiviiy check showed the photomultiplier te
be more gensitive to the horizontal component. From the
results of the check; it was found that the inequality was
rectified by wreducing subsequent horizonital component values
by a factor 0°864, TUsing this correction facltor the
depolarigations of benzZene and toluene gave 0041 and 0042
respectively, in good agreement with litexaturazgziigg {0041
and 0043),

On completion of the work in the alcohols, the photometer
optical system was subjected to several minor readjustments.
From & furbther sensitivity checlk, the ratio was found %o be
unity, no correction needed, therefore, to be applied %o the
remainder of the depolarisstion values. Again the values of
0041 and 0°42 were obtained for the depolarisatlions of benzene
and tolueng,

If fluorescence 18 pressent in a system, photomuliiplier
readings include both the solute scattering and the fluorescent
gffect. TFor such a system a correchtion is necessary. All the
syatems studied were therefore tested forx fluoreaagizeg shazp
cut=off filters being used which oxcluded the 90° scatiered
light from the photomulilpliex but allowed fluorescemt lighi,

of longer wavelength, to pass., Three ‘Kodak'! glass filters were



succensively used Tor sach gystem, their wavelensgths of
moximum transmission being 575, 605 and 675 WA A11 had
negligible trensmission ab 550@ﬁ0 Ho fluorescence was
observed in any of the systems studled,

(c) Calibration.

As a light scattering standard, a polished perspex block
was used, the apparatus being calibrated by meena of this
roferonce scatiterer. To eusure that the bleck alweys oceupi@&
the same position in the photomeber, two guide-pieces of tufnol
were attached to the tufunol cell seeting. Calibration was domns,
using Inmdox solutions,; by the sbsolute method of measuring both
the scabtvering and optical density of solutlons of wvarious
concentrations.

Solutions of Imdox of sufficlent concentration to give a
precisely measuved optlcal denslty hed 39© values which were
%00 large for direct comparison with the perspex standard. The
scattering from the Ludox was measured in comparison with that
from a vectangular glass cell; comted with alumianiuvm paint. A
get of perspex blocks of scaitering intermediste between this
stanfard and the normal perspex block enabled comparison to
be effected, and the low turbidity standard 4o be calibrated,
Repeated checks in comparing the standaxrds were made, the raitio
of the scatbered light of the weekest to the stirongest being
12202 & 002, ILittle error arose in this compariscn,

The Imdox solutions,; whose concenitrations lay bebtween 1
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and T%, were ulirecentrifuged at 25,000g. fTor twenby mirmates,
then filtered direstly into two 4oms. gbhsorptlon celle and

the scatiering cell. The depolarisation and 245 of each
solution were ma&suﬁado Readings on carsfully clarified watex
worg also made. Twenty Inmdox smolutions wers used in this
calibration, the data being treated to obtain the ca}ibr&tion
constant C at zero turbidlty according to Maron and iéga
From the wvelationships

T = 16nBy,/3 = CoS 20303D/L

90
where T is the turbididty, D the optical density and I the liquid
path length of the shsorption cell; a valne of C = 2073230
t 0012 was obtoined (fig.8) after extrapolation to mero turbidity.
A depolarisation of 0001l and Zj5 of 104 were found and these
values wore usged o evaluate the independent wvalues of C
correctly for emch Indox soluition.

This calibration was cerried out jointly with Maaﬁ&rlgi;o

As 2 check on the calibration constant the turbidities of
three orgsnic ligquids were measured (Table 4}. In addition,
the molecular weights of two polysityrene ILyactions in toluens
were determined. For the W.C.L. sample the welight was found

o be 390,000, the Monsanto mample glving 490,000, The

quoted molecular welghts were 390,000 and 500,000 respectively.
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Table “40

Turbidities of Organic Liquids.

237,238,242
Tiquid Turbidity 109emT*  Iitevature Value
Carbon tetrachloride Qo6 905 = 907
Benzene 2702 273 =275
Toluene 2906 295

Tt was stated earilier that the optical system was
readjusted after working with the four slcohels. The calibration
constent of 2Tl x 10”4 was that obtained after the final
adjustments and was therefore wsed for all systems other then
the four alcohols,

For the lecithin weight in the alcohols, the calibration
constant used was 3028 x 10“49 it also having Deen determined
by the method described above. Using this constant, the W.Colo
polystyrene geve a weight of 370,000, and benzene and toluene
gave turbidities of 2700 and 2909 x 10 2om,~} respectively.
Dhatistical Assessment of some Light-scattering Lrrors.

243

Stacey has stated that the usual degree of accuracy of a

light-scatioring molecular weight determination is £ 5%, the

figure being dependent upon the system under investigation.
244

Robinson and Saunders have found an overall accuracy of % 7%
in their determination of the micellar welght of lysolecithin
in water., For a synthetic non=ionic detergent in watery; Elworthy

236
and Macfarlane found the accuracy of the(c/T)@aO factor to be
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T 84, resulting in & tobal ervor in M in excess of % 10%,
this rathex high ervor being thought to be dus to the
charscteristic difficuliy of removing suspended dust from
such solutions., Since aqueous solution® containling salts and
also orgenic solvenis and solutions arve easier o clarifly
thar pure aqueous solutions, systems of these typesn were
examined.

The orror present in the calibration constant was analysed
from the twenty values used for the logl against T plot. Since
both varlables are subject o error, the values were divided
inbo tgx@@ non=overlapping groups and analysed according to
Davigif The anelysis is presented in Appendix 1, the error
in © being X 4044 (P = 0°95),
the

To investigete the errors in (o/T) and (84

Br® B)Qm@

Mongante polyabtyrene fraciion was studied in dolusne. Ten
measurements (Table %) gave

(/1) o o= 1o93E601%1708ak303% (P=095)
and (Z4§)@m@ = 104632 303% giving 1/P(8) = 1°35112:.6% (P.0°95),
To obtain the error in 2459 the individual vesulia were plotted
as 1/(%-1) against ¢ since this gave a linenr relationship with

Go



Teble 5.

e,

Dats for Polystyreone in Tolunene Analyses.

& {g. /1000mls. )
e /T
%45
(]

e/T

Zys5

1506
20063
1e323

30464
3°93
1218

1-883
2093

1°295

40619
4-82
1°196

22109
2°94
10284

50121
5010
10185

20660
3036
1°265

60025
5086
12164

29673
3°43
10273

6-251
5°95
10167

Due %o the high errors in both factors and the large

slope of the ¢/T against ¢ plot, a similar invesiigation of the

Monsanto polystyrene was made in methyl ethyl ketone (MEK).

Again, from ten measurements (Table 6):

(e/t)_ = 0°48832:0%+53°4025°9% (P=0°95)
and (z45)@moﬁ 123984094 giving 1/P(8) = 1-30420°8% (P=0°95)
Table 6.

Data for Polystyrene in MEK Analyses,

c(g. /1000mls. )

05
0-514
30368

300
00636
10268

L0
0-549
1-347

35
0674
1262

15
0°564
1336

40
Q708

1.250

2°Q
0-5923
1303

405 .
0733
1239

2°5
0- 624
1291

2°0
0-752
10229
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The polyestyrene anslyses in tolueme and MEX are given
in Appendices 2 and 3 respectively. Teble 7 summarises the
errors in the light-scattering factors investigated.
Table 7.

Errors in some Lisht-scattering Factors (P=0:95),

Factor EBrrow

Calibration Constant £ 84%

(a/T),_, toluene & 6ol

" } -} o (%
(Q/T)Qm@ MK & 2004
1/P(®) toluene * 2.6%
1/2(8) MEK + 0-8%

There is a striking difference hetween the precision of
the intercepts in toluene and MEK. In the snalysis, the mean
value of o/T was suhject to random srrer, so was the slope of
the ¢/T against ¢ plot, while the error im o was negligible.
When the slope was small, as in MBK; error in its measuremens
sontrituted little to the tobal errov in (e/T), .. Therefore
for a precise determination of molecular weight by light-
scattering, a "poor" solwvent is the coryect cholce.

While the limits of error in C are large, its subsequent
use in evaluating turbidities and micellar welghts would
indicate that its value i8 reasonably acourate. Tt would seem
therefors that if the Maronm and Low procedure is adopted,
sufficient number of peoints yield an accurate value of C. The

error was thought reasonable in view of bthe small opiical




e
densities which were measured (all below 0-25) and the blank
optical density of filtered water of ap9mt 0°03,

Including the ervors of 1% in boﬁisﬁ(ﬂn/dm)g and the
dapolarieation, the total error in micesllayr weight will he
+ 12 to 134 in a “good" solvent and X 8 to 9% in a "poor" one.
The moleculaxr welghta of polysityrene in toluene and MPEX were
500,000 and 470,000 respectively.

To circumvent the lengthy calibration procedure using
Imdox, it is possible to calibrate the photomeder using secondary
standards, Considering the turbidities of benzene and carbon
twetrachloride, their values were obtained as means of six and
three moasuremenis, the limits of error being * 15 snd + 2:1%
respactively. As s further possible secondary standard, a
304 W/V aqueous solution of cadmium potaseium iodide gave a
turbidity of 1.1720.01 x 10°4cmflg as a mean of seven measurementso.
Thus from known values of thelr durbidities, benzene, carbon
tetrachloride, agueous solutions of cadmlum potassium iodide ov
ether sultable secondary standard could be used conveniently

40 calibrate a photometer.
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Viscosities of solutlons relative to molvent werae
determined in a suspended-level dilution viscometer (Polymer

Consultante Lid.) at 20%0:01%, 7The relative viscositiesn were

reproducible o & 0°2%,
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THE DIFFUSION TECHNIQUE.

Diffusion coefficients were obtained by the technique of
reatricﬁgd diffusion in a similex menner 4o that of Harned and
Nﬂtt&ll?-ﬁ These workers measured the concentration difference
bobtwaen two levels of the diffusion system in terms of
conductance, whereas refractive indeox differeunces have besn
used in the present work.

The bhasic apparatus was a Heyleigh inkerference refractometer
(Hilger and Wathe, type MiS4) which was adapted for diffusion
moasurements (Plate 2, fig. 9)o The two-comparvtment cell (B)
sat on 8 small level brass table (D) £itted with Hwo tufnol
guide~piaces o locate the cell. Attached to the table bazae was
& brass wod; 12 oms. long, with a steel ball=bearing incorporaited
8t 438 end(G), the rod passing through the interferometer
platform. This rod rested in a brass tube (P) which was sscured
0o 4he base of the interferometer platform. The internal diameter
of the tubs was such that the braps rady, 9 mms. in dlametexr,
fitted neatly into it and could be raised and lowered in it
with negligible lateral movement. A micrometer head (H) was
atbached at the lower end of the brass tube, the ball-bearing
resting on the wmicrometer head. I% was thus posasible to wmove the
cell vertically, in a slowy, smooth manner, a known distance
through the aptlcal system.

The cell and its ﬁablé were enclosed in a water-jacket.

The two light-transmitting faces of the jackeb were made from



mlate 2.
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tufnol, each side having two vertical slits to allow the
passage of the beams., The two other facos and the base
were brass, the faces having a series of connecting verilcal
tubes through which the circulating thermostated water passed.
The bmse had one tube through which the water passed from
one brass face to the other. The water-jacket was covered
by a tufnol lid. The width of the cell table was such
that 1t just fitted between the brass side-walls of the
water-jacket. This prevented any rotation of the teble,
and hence the cell, restriciing movement to the vertical
plane.

Concentration valuves were required to be measnred at
levels in the diffusion compartment equivalent to 1/6th iis
height from its base and top. The micrometer scale (reading
$6 0°0001 in.) was therefore ocalibrated such thatb %h@meflavals
could be accmrataly located on the upper band patiern. Foxr this
calibration the following procedure was adopied (fig. 10),

The ocell; of liquid peth length lem., was lowexed using
the micrometer, %ill tha top of Hthe upper band pattern began to
disappear from view, cui out of light being due %o the epaque
4op of the compartment of the cell (fig. 10b). The micromeier
reading, X, was noted. Lowering continued $ill the upper
pettern just completely disappeared, (fig. 10e), glving a
micrometer reading, y. The cell was then raised t11) the hase

of the compaytment just appeared at the bottom of the upper
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pattern (fig. 104). This gave reading 5. Thus the compartmens
haeighty; in terms of micromelter reading was glven by (y=1), and
1/6th its height by (y-=)/6.

Location of the lower comperiment level. On
lowering the cell a distance (y-2)/6, from z,the interference
pattern of ligquid at the level (y-z)/6 €rom the base was obbained
at the base of the upper band patiern (figs 10e). The micrometer
reading at this posivion was given by s+{y-z)/6. At this level,
the refractive index was obtainad as the drum reading when the
base of +the upper band pattern matched the lower band patiern
(fig. 1la).

Location of the upper level. By & siwmilar method it was
possible to obtain the interference patterm of the liquid at
the level (y~z)/6 from the top of %he compartment, at the base
of the upper band pattera. However, in this position, due to
the overall position of the cell, the lower reference hand pattern
was ivregular (fig. 10f). It was arranged, therefore, that
the cell be ralsed such that the required interference patiern
be at the top of the upper bhand pattern, in which position the
lower reference band was visible (fig. 10g). The required
micrometer reading was then given by x=(y-z)/6. Here, the drum
reading was obtained by comparing the top of the upper bhand
pattern with the lower reference pattern (fig. 11b). In order
to take readings a®t both levels, the verticel movement of %he

cell was 001982 in.
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Though it was initially awkward 4o compare the top of
the uppeor band patiern to the lower reference pattern, with
practice the remding was obtained nearly as easily and as
guickly as that of the other liquid level. TIn all cases,
individual readings were obtained as mean values of four
separate readings. The time was taken at the gtert and end of
the realding at each level and {wo mean times were calculated.
These two mean timas were then used to evaluate a furthexr
moan timeg, this third mean being used for the plot against the
logavithn of the drum reading difference, At the end of evach
diffusion run, the cell was shaken and the final concentration
was obtained from the resuliing drum reading and calibration
grapb.

To prepare the diffusion system varlous techniques were
nsed. The most common was that of filling the diffusion
compartment with the more concembrated scolution till +the
meniscun was half way up the slopper neck. A fine pipetie was
then lowered gently imbto the soluition till its tip, which was
euxled upwards, was at the level where the boundary was required
at zero time. The pipette was secured in this position to
prevent movement. The contents of the compartment were then
slowly sucked out,; using & vacuum pump with an air leak, while
the volume in the compartment was malntained by the addition,
by hand pipette, of a more dilute solution, or solvent. This

replacement wa s done very carefully to avoid drops falling
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through the solution and disturbing the boundaxy. To help
prevent this, a small metal baffle was placed in the cell
neck. When the boundary reached the level of the pipette bip,
the pipette was carefully wvemoved and the cell stopper put
firmly in place,

The less common method of boundary formation was to
three~quarter f1ll the compartment with the more dilute solution,
and add the second solution gradually from a hand pipette, the
plpette tip resting om the base of the compartmeni. When the
cell was full, the pipette was removed and the cell stoppered.
This method produced less sharp boundaries, bub sharpness was
not a prervequisite f{or restricted diffusion.

When in place, the hase of the c¢ell stoppers lay flush
with the top of the cell compartment. To ensure the compartments
wara coupletely sealed, the stoppers and necks were lightly
groased. For the aqueous test systems "Apiozon' grease wes uwsed:
however, because it was alcohol soluble, & s@ilicone stopcock
grease had to be used for the alcohol systems. Care was taken
%0 ensure that no ailicone was depogited on the optical faces
of the compariments. Unfortunately the silicone grease was
soluble in benzene and could not be used in the presence of this
solvent. A further complication was that the ungreased stoppers
did not effect a complete enough seal to prevent evaporation.

To ovexrcoma this, plastic stoppers from "E-Nil' volumetric

floesks were shaped to fit the compartment necks and were found
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to effect the required meal, Tor most of the diffusion asystems
the sscond cell compartment conbtained solvent, but in sone
cases the refractive index change was too large, the solvent
having to be replsced by a solution of Tmown concemtration, te
provifde readings within the drum seales

To teat the apparatus, an aqueous potassium chloride and
two aqueouns glycine sclutions were diffused into water, atb 25@0
The wvalues obiainsd for the diffusion coefficlents are tabulated
below and compared %o literature fTigures (Table 8). In all three
cases, after an initial time lapse, a straight line waa obitained,
according 4o equatlon (35), on plotting the logarithm of the
difference in drum reading between the two levels im the cell
compartment; against time (fig. 12). In the subsequent micellar
weight studies, an initial time lapse of one to two days was

necessary for the attainment of the restricted diffusion conditionsg,

Table 8,
Test Diffusion Systems at 25°.
Solube Minal Concentration D.10”cm’ sec, Titerature Values
KCA 001N 1082 1085
Glycine 0°25% 1°06 10058
Glycine 0-25% 107 1°0%8

With lecithin as solute, each diffusion system gave a slope
of the logOR against time plot which provided a value of Do
Whon this value was plotted against the final concentration of

the system, extrapolation Lo zZero concentration gave the diffusion
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coofficient {rom which the solnte wicellar welght was calculated.
Apart from the aqueous test systems, diffusion was msasured ab

©
20 £ 001 o



10780

R ATE

s

4

o

Flpure 13,

- A
)
@ . .@W
I ©
T O
8
i ©L//’g,©
f'\/ﬁ
e T & eV
ﬁmﬁ“"@‘w
@)
G
Q
%
0 D
2D e D
O " “
0 Q004 0-008 0-012 0016
¢ (go/ml,)

Ao  Methanol Bs Ethanol C. Hexonol D, PEnitanol

Light-scattering Resulits as Ho/P Ageinst 6.




167
THE EFFECT OF SOLVENT DIELECTRLC CONSTANWT ON MICELLISATION BY

LECYTHIN,

Micellisation in some Aliphatic Alcohols.

To contimae the sbtudy of the micelle formetion by lecithin
in organlc solvents, it was declded to study lecithin in orgenic
solvents which should provide intermediate conditions botween
water and henzens, A series of aliphatic alcobols was chosen,
varying in dislectric caniﬁgnﬂgéig Zrom mothanel (Es33e6), via
ethanol and butencl, %o n-hexawol (€=14°3), the constanits fow
bensene and water beilng 2«3 and 8004 reapoctively. |

For the dotermination of micellar welghts the light-
soatbering technigue wae weed, the remults being given in Table
9 and fig. 13. In the calonlatlan of miceller weight, the
Cabennes faskor was applied %o the He/T walue et sero
concenbration. Grpphs of consenivetion against rbidity geve
atraight lines passing through the ovxigin after mubbtracting bthe
goldvont turblidity from the turbidity of ocach scolution. There
were no breaks characteristle of cme's, I ome's were present
they were at too low concentrations to bBo detected by lighi-
seattering.«

An 1dea of miceller shape was obbalned from viscosity
mensroments, the results being prosentad alse in Teble 9 and

in figo lli'o
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table 9.

Iight-seattorine and Viscosity Daba.

Solvents Mathanol BEithanol Bubenol Hexanol
éiao 336 2503 17-8 1403
Micellar Weight 2300 TLO0 18000 22000
Monomers /micelle 3 o 24 28
Depolarisation 00345  0°476 0552  0°509
dn/de (mlo./go) | 0°135  0°118 0087  0°07L
%45 1201 1°00 1,000 1200
W}gp/yf)m 4239 46 4°26 3056

Wo differences were observed bebtween the properties of
the two lecithin samples, A and B, that were used.

Dizcussion.

It can be seen that the micelle size increases on passing
from methanol o hexanol, that is, increasing as the value of
& Qecroanes.

This trend ie contimed in benzene (€ = 2°3) where Hhe
micellar weight has been statedialmﬁ 857,000 at 259, Parbher,
in bengzene 1t has been suggested thalt the micelles have the
struoture of a bimoleoular leaflet with the polar heads tucked
inside the micalle0140 It would meem therefors that the bimolecular
leaflet struchture is developed with the micellar growth on
passing into solvents less pelar than methanol. The development

of this structure will be described later. In water, the type

of micellar structure is a reversal of that in benzene, the
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136,137

hydrocarbon chains belng inside the micellies, The lecithin=
methanol system would itherefore appear to represent an
gpproximate half-way point beliween the type of micelles formed
in agueons systems and thoss present in the higher alcohols
and benzene.

The micellar size in benzene decreased from 57,000 at 2590
%o 43,000 at12%0° This ¢trend may explain why in ethanol, ai
209, small micelles were found while monomsxys have been
rapoxtiad ae belng prensnt at bthe boiling poin%?o The micellar
welght in meibanol agrees well with that of 2,000 obbtained by
diffuaioi?g

A dlasourssion of the wse of the viscoaity data, in conjunction
with the micellar weights, for comparison to model structures
will be made later whem the simaltaneous cousiderstion of further

work can be made.

Micellisation in some Turther Solvent Systems.

To exbend the previous work, micellisation was studied in

gpolvents having a wider range of dielectric constant.
Bomulbs.

For comparison with the resulits in the alcochols, the
micellar weight was measured in benzene, a T9°7%V/V wethanol/
benzene mixiure (éﬁm:gggl) and in various methanol /water and
ethanol /water mixtures where € ranged from 29-0 %o 32?80 Light~
socattering and viscosity studlies were made of all systems,

diffusion studies being made of four mixed solvent aystems,
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For the light-secattering resunits in binavy solvemis, bthe
reciprocal of the intersept of the Hyop/T» againet ep plot was
designated Mappr@xqg the coxrect micellar welght only being
given Tfrom equation (25) if the inberaction coeffieients wers
smell or if the two solventa had sinmilawy refractive indices.
Tg and @2 refer to the micellar apeslies, the turbldity at the
ems Ltself having been subiracted from the experimental resulie
in the umuel mamier. In the normal ugicef the light-scattering
gouation for Dinazry solvents, Mé for polymer solutions can be
determined in a single solvent and the interaction torms
ovalnated in mixed solvents. Howover, for wmicelles, Mg MY
alter as the solvent composition is changed, so there Ls the

added difficulty that M o mst be chocked by evelunation
from another method. Determinetion from diffuslop=viscoslty
measirements indlcates that the wvalue of M&p oﬁvalmmﬁ@d ae
described is substantislly correch.

The light-seatiering resulits, uncorrected for depolarisation,
are given in £igs. 19 and 16, final wolecular weighis belag
sorrected for depolarisation and dissymmetoy {Teble 10). The cme
of lecithin in benzene, ;giéigggly and in the pressnt work,
was oo amall Yo be detected, only the higher assoclation limid
betwesn smell and large micelles being found. The larger micellar
weight was therefore determimed accordingly. ALl the resulis in
single solvents showed that the cme was $oo swmall to be delscbed

by the lighi-seattering technigues. Howewver, the presence of




B3, gili_:e j:io

A
0
O
2 o 0 oo~ ©
al
wWee 5 |
P
B
3 =
@)
=
4 wﬁ
0"9 == G
ic) O y——
7 a0
O I i i i
0 0-01 002 0.03 0004
& (go/ml.)

Ao 93°4% Tihanol fuater Bo 7974 Methanol /benzene C. Benzene

Light-scattering Results as He/P Againat c.




w3

s

Lot

83

W o P o

D
L,
g =)
. O __ g
-f“g@f’-*-"‘ et ) E
=0 0—5"6
3}'\
I I Q
G B e S )
G
. &) ‘ o, .
. WY \x}T\Q =T
| I | - 7 I
0 0004 0-008 0-012 BoOLG
¢ (g0 /ml,)
D, 93¢ Methanol fwaten B, 80% Rihanol fwabex
. 0% Ebhenol /water G 84% Methanol /water

Light-seatbering Resulis as Ho/T sgainst o.



111

water in methanol or ethenol caused a dlstinct cme o dewaelep,
a8 shown by the 390 against ¢ curves of figs. 17 and 18,

sSeveral methods were tried %o check the cme values obtainmed
by light—soattering. When the refr&otivé index difference between
solvent and solution im 70% ethanol/water was plotted againsh
golution concontration, no abzupt chenge in slope was observed,
sven at the lighit-scattering omc. Using the bubble pressure
mathod of sigéeng the surface tensions of both T0% and 80% ethanol/
woter mixiures 4id not differ sigaifleantly from lecithin solutions
in these solvents. With the Wilhelmy plate t@@iggqm@ and the TO%
system, again the difference in solution and solvent surface
sensiong did not indicate the presence of a eme., To try and
solubilise & dye in the lecithin micelles in 80% ethenol /vatex,
a finely powdersd indigo vai dye ( soluble im benzene, insoluble
in water snd solvent) was shaken with several solutions 411l theixr
optical densitles remained constant. There was no marked change
in optteal density betwesn miocellar and monomeric solntions of
lecithin, and thus no confirmation of a cmc was possible.
Wevertheless, the breaks in the 590 against consentration ocurves
are sharp and distincd.

Apari from the 84% msthenol fvater system (pll solvont
mixture porcentages are V/V), the observed dissymmetries were
close 1o unity, indicating that no dimension of the particles

1+]
excoeded 2704 (A/20), It was difficult to clarify solutions

ir ¥his methanol /mater solvent, and this may have been
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rosponsible Tor the slight dissymmetzry observed. High values
for the depolarisation were observed, combinuing the trend
previously noted with the aliphatic alcohols. For naturally
gocourring lecithing, the depolerisation decreases ag & incgaasaag
in water small depolarisations (0°055) were found by Rohiggono

Table 10.

light-gcattering Results.

Watural Lesclthine

Solvent € an0 153ﬁ2 n e an/de 245 cme{g. /ml.)

Benzens 203 60 80 00360 =0:038 1006 0
T9. 7% NoOH /Bongens 2kol 900 12 0125 00119 1000 0
93.4% B%0H/8,0 290 0o 1L 00232 00114 100 >0°036
80°0% BHOH/H,0 355 206 3 0°137 0°107 1°01  0°0099
930 0% m@og/ﬁé@ 33 207 4 0°063 0°140 104  0-0L6T
T0°0% BYOH/M,0 40:8 20 27 0°031 0°ll2 1°00 0-0088
84 0% WMeOH/Ho0 42.8 68 90 0013 00139 1°11  0°0045

Synthetic Tecithin,

79.7% WMeOH/Benzene 2l°) Lok 1-2 0053 0109 100
E5OH 2503  0.82 1 0,070 00122 1-00 >0-0089
MaOH 33.6 0-89 1 @o159 0-155 100" >0-009
For Tebla 10, n = mamber of monomers in micelle, I, = E@ppr@xn
for solvent mixbures, MeOH = methanol and E50H - ethanol.
From Teble 10 and the plot of ¢ ageinsd ¥ and Mo {(fig. 19),

monomers appoar o0 be present im the 93% othanol /water mizbture

(& = 29:0), and changing the solvent dieleotric constant Trom
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this value causes micelles 4o develop, In this solvent symstom
the cme is greadter than Ooﬁ}ﬁgo/hla, since this was the most
concentrated sclutlon whose 390 vas measured and no break was
found in the 59@ against ¢ graph. In general, the cme decreasea
as the dlelechiric constant is inor@asagq No detectable cmo
was found for lecithin in purs wat@rgg)s

As a means of checking the approximate values of micellar
welght found by light-scattering in mived solvent systems,
diffusion measuremenis were made (Table 11, fig. 20). The lowest
concentration in the diffusion cell was maintained above the cmc
whare mlcelles are present, 8o that it was reasonable to assume
that only micelles were diffuaings Following the procedurs
of Stigter, Williams and Myaelsga)d the diffusion coefficients
were oxitrapolated %o the cme (or to zero concentéaﬁion in +he
cass of the 93°4% ethanol water symtem).

For the viscosity results (Table 11, fig. 21) where cme's
ware present, the viscosity of the solution at the cme was used
as the 'solvent ' viscosliy, and the volume fraction of solute
at the cmc was mubiracted from the total volume fractlon in the

140, 255
evaluation of\7ap/¢a Similar procedures have been used before.
The viscosity intercept was uged to caloulate the frictionel
coefficlent ratio of the micelle, considering the micells, in
turn, as a prolate and oblate ellipsmoid (in the abmence of

solvation) and as a spherical molvated parTiicle. The micellar

wolghts were then calculated for the three alternative cases
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(Mppro., H,0b. Mgaclvo}o In the alcohol Mater systems water
was assumed o be the eolwvating liquid,; and wethanol in the
methanol /benzene system.

Diffusion and Viscoslty Results.

Wetural Lecithin.

o e hy e e LR
79+ T%Ma0H /Bongsne 4-48 292 10:0 G2 89
93+ A%E+0H /H,,0 3047 1. 66 1ol 098 096
80~ OFEH0H /1,0 3-36
93-0fKe0B /H,,0 3-84 2:48 . 1°9 18 1.7
70+ OBELOH /H,0 487
84 0%1e O /1,0 5-89 0443 99-1 87.-0 837

Synthetic Lecithin,

B4 O 3.96

Comparison of the diffuasion coelficlents of potassium
chloride and glycine with known values indlcates an erroxr of
rad, so in view of the pobential errors present in the
experimental measurewents, the agreement between My obtainegd from
the two methods ie good. In the &1cah01/®&ter sy oteme there
18 not meh difference between the refractiive indices of the
two solvent components, and presumably any specific adsorptions
of one component makes 1ittle difference to the observed

rbidity. In the case of the methanol /bonzene system, there
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18 a couslderable difference between the refractive indlces of
the twe components, and the agrsement between the micellsr
weights from the two methods indicates no specific adsorpiion
is ocouxring. Also the micellar weight found in benzene (at
o 133,140 o
20°) agrees well with those of 55,-57,000 found before at 25 o

A few results are presented for synthetic dipalmitoyl-
lecithin (fig. 22), showing that in methanol and ethanol monomers
are present up to the highest concentrations studied. A slight
agsociation was noted in the methenol/benzens mixture.

Attempts were made to obbtain micellar weights of natural
lecithin in solvents of lower diselectric constant then benzene.
These were unsnccassiul due %o thezease of precipitation of the
solute from such as iso=octane (é&m4§°9§9 n-heptane and n~heptans

248,256
containing 10 and 204 benzene (& = 1-97-2°03). Tor the same
reasony; a study of the synthetic material in benzene could not
be undertaken.

In 60% ethanol /water (& = 46°8), the reluctance of natural
lecithin to dissclve or stay in solution prompted am investigetion
of the limit of € such that solutions could readily be formed
without ultrasonic dispersion. Thus a series of 0°1% W/V lecithin
solutions and sols in methanol and athanol aqueous mixtures were
prepared. The Sgg of each was measured without previous filtration,
and the values plotted against & (fig.23). Separate plots for

me thanol /water and ethanol/ﬁater mixtures were very similaxr, both

showing negligible change in Sgq $111 the & = 4347 range,
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whore s rvapid increase was observed. For this reason the
choice of alcohol /water mixtures for micellisation studies
was limited to those of &<43,

The two lecithin samples used (C and D) again showed no
difference in properiies.

Discussion.

Associntlon of aingle molecules into micelles will occur
if this change reduces %the total free energy of the system.
Changes inm interfacial energy at the solute/solvent interface,
and in elecirostatic forces, and dipole-dipole interactions mast
be considered. If h is the area of the polar head group of the
monomer, 4 is the zvea of the hydrocarbon tails, and the
superscripts % and ® represent single molecules and micelles
respectively, then the interfacial enerxgy for n monomers is
n{h? ‘Z{h + 48 }{ta)
th and 5%5 heing the interfaclial emergy per vnit area between
the head group and solvent, and the tails and solvent, respeciively.
For a micelle of n monomers; the interfacial energy is
0 e * " Yoa)e
The change of interfacial enargy on forming %he micelles is
AE = n}{m(hﬁ‘mhm) + nB/M(ﬁmﬁm)o
Considering the non~aqueouns aide of fig. 19, between &€ = 2
and €x» 30, where a decrease in micellar size with increasing
dielectric constani occurs, a small value of B%a would be expected,

due to the miscible mature of these solvents with paraffin chains,
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and therefore it would be expectied that the first texrm on
the right of the above squation is largely responsible for the
Al on micellisation. A high interfacial energy betwesn the head
groups and solvent could be reduced by forming a micelle of the
bimolecular leaflet type, with the head groups in the centre of
the micelle. Farther important factors for micellisation im
non—agueons solvents have been shown to be dipole=dipole
interactions between head groups, and the possibility of hydrogen
109,110,111

bond formation, and 1% is possible that these facitors may
be more important than interfacial energy considerations in the
&= 10=20 region. This will he discussed in more detail below.

In the €= 30 reglon,; monomers are present over the
coneentration range studied, indicating that both Yoo and'gﬁéxﬁs
are small, and that other interactions are absent. A further
increase of dielectric constant will begin to make Yos larger,
hence promoting the formatlon of micelles where the bydrocarbon
chains are placed in the interior and Hhe polar groups on the
outside, this being the conveniional micellar structure in
water. It ssema apparent from the results on the right hand
(aqueons) side of fig. 19 that the interfacial energy
considerations are most impordtant, the energy saving of
placing the hydrocarbon chains out of contact with solvent being
the significant factor for micelle formation.

It is interesting 4o note that the alaohol/ﬁater systems are

characterised by the presence of monomers, and of cmc’s in mosb
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cases. We may compare metbencol (&€= 33°6), whers the cmc was
present at too low a concenbraition to be detected by lighi=
soattering, with the 934 and 80% sthanol /water sysitems
(€= 29°0 and 35°5 respectively), hoth of which show proucunced
cuc's. These ome's may be increased by greater lonisation of
the polar head groups giving grester repulsions bhetween the
head groups, due to the interaction of w&t@f with these groups;
the cme would be shifted to & higher concentrabion by the presence
of water. A8 morve water is added to the alcohol/water mixtures
the general decrease in cme is probably duwe o the increased
hydrophobiclity of the monomers under these conditions.

Because of the agreement, firshly, betwsen the methanol/
water and ethanml/@&%@r syebeoms when the 39@ valuas of the
0-1% solutions ard sols were plotisd against €, and secondly,
petween the lecithin micellar welghts in methanol (2,300), 804
ethanel /water (2,600) and 93% methenol fwater (2,700) where the
solvent dielectric constant range was narrow (33°6-37°5), i%
would appear that the micellar welights would be the same in either
& mothanol/water or cthanol/water mixture of the same dielectric
constant, though the proporéion of water in the two solvenis was
different;

297 :

Saundexrs  has shown that a lecithin containing only
saturated f&tﬁylacida was not disgpersible in water, while natuzral
Jecithin was dispersible. In the light of this, and the few

resulis presented For the syathetic dipalmitoyl=lecithin,
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inoluding alse a plot of the SQG values of 0-1% solutions and
gols in various solvente (fig. 24), an indication is obtained
that the micellay welght-dielectric conatant curve for the
synthetic lecithin may have a narzrower 'U' form than fig. 19

Some idea of micellar structure can be geined from miocellax

wolghts and viscosity intercepis. Conaidaving firet the non-
aqueons side of fig. 19i3§? izgeral (v7sp/¢)¢;o dacreases as M,
incroases. Previous resmultse ln benmene indicated that unsolvated
micelles wore present in this solvent. On assuming that this
behaviour is general on the non—agueous side of fig. 19, the
viacosity resulis can be interpreted in ﬁérma of micellar asymmetry.
The dimensions of the lecithin monomer used b@foralggr@ length 35ﬁ
and head group area 55%?9 from moleoular wodels. Allowing a gap of
28 vetween the two sheets of polar groups in the centre of a
bimeoleocular leaflet micelle, Simha's shape factor, \ 9 can ha
caloulated as & function of the numbex of monomers in the micelle.
One dimension of the micelle remains fized at a length of 72% in
these calonlations, and the other two dimensions increase aa monomers
are added, An equal growth in the two dimensions at right angles %o
the 72% dimension is assumed; a8 this glves more effective shielding
of the polar head groups from the solvent than growhih in one
dimension. PFig. 25 shows experimental and calculated results as log
(viscosity intercept) againet 1ogm2 plots. For micelles containing
more than 16 monomers, the caloulated growth (A, fig. 2%5) is

reasonably in accordance with experimental resul®ts. For the smeller
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micelles, the bimolacular leaflet wmodel is too agymmetric,
Calcoulations of ¥V and mg on the ssseaphiion of a monomolecular
leaflet glves curve B, fig. 25. In the wethenol or ethanol syetems,
where the micelles contaln a small number of monomers, there is
better agrasment between experimental resulis and calculations
for the monomoleculay model, than for the bimolecular model.

Theose resulis indicate thaet a change in miﬁell&x gtructure from

a monomelecular leaflet to the bimolecular type may well ocour

o8 the dielectric constant is decireased, that is, in the
8,000-16,000 micellar weight region, where € = 18-25. Pox
mononolecnlar leaflets thers is no effectlve shielding Qf the
head groups from the solvent, tut dipole-~dipole intersctions and
hydrogen bonding between neighbourling molecules in the leafled

are possible, and mey be the maln reason for micelle formation.

In the reglon of dislechtric constant where bimolecular leaflets
arae present (below € = 18), effective shielding of polar head
groups from the solvent occours, and reprleive forces bhetween these
groupe and the solvent are likely to be additional factors for
micelle formation.

For the lecithin monomer, using the 353 and 5532 dimensions
a8 befareg“ﬂ i8 4086, a value mach higher than the experimentally
determined 3-47. For betier agreement with the experimental
figure, the hydrocarbon tails may separate 2lightly at their
free end giving a V-shaped particle. It may be that the monomer

ig too amall a particle to comply with the Simhe reletionships.
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Gonsidering wicellar shmciure on the aqueousn gide of
fig. 19, thers is a steady increase of log ( viscosiily intercept)
with log My (fig. 26). On this side of the curve the hydroscarbon
tails should be present in the interior of the micelless the
micollar structure is explored hy calenlations for the same
models as used on the non-squeons side, the length of the
bimoleculayr form being taken as 2 % 35 = TOzu The calenlabed
values for the viscosity inbercapt and Mp are given in fig. 26
for bimolecular leaflets (A) and monomolecular leaflets (B),
There is a considerable discrepancy betwesn sxpsrimenital and
calculated resulis, the caloulated viacosity interceptis being
o0 small. As the experimental results were obtained in solutions
conhaining water, it seems likely, in view of the tendency of
the phosphoryl-choline head group o hydratey that this
discrepancy is due to hydraﬁioi?ﬁ
Bimolecnlar leaflets will only be formed when the

interfacial energies betwsen the solvent and the hydrocarbon
cheins are less for this type of structare than for the
monomolecular leaflet, other factors being equal. The areas
of 4he hydrocarbom chains exposed to the solvent can be
calculated for the mono and bimolecular leallets as a funciion
of the pamber of monomers present. The difficulty in these
calculations 1s to assess the length of the lecithin molecule
ocouplied by the hydrocarbon chain, as the fatty acid composliion

of natural lecithin is wvarlable., 'or a hydzocarbon chain
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©
length of 20A, micelles conteining less then 16 monomers have
a2 smaller hydrosarbom/solvent interfacial area if arranged im
a monomolecular micelles the aituation 18 reversed when ithey
contain more than 16 monomers. Corresponding figures for the
'change over point' between monomolecular and bimolscular
leaflets for hydrocarbon chain lengihs of 25 and 301 were found
t0 be 25 and 36 monomers respectively. It is felt that the
252 hydrocarbon length is the most probable from figures for
17,20421,

the average falty acid composition of lecithin. The resulis
of this type of calculation are somewhat sensitive to the
model chosen for the micelle, If i% is considered as a
monomolecular leaflet with an area at the polar head groups of
55ni29 and at the ends of the hydrocarbon tails as (2 x lﬁ)niag
the micelle then resembles the section of a cone. Calculations
on this type of model, allowing two cone sections to be placed
together end to end 4o form the bimolecular leaflet; show that
for hydrocarbon lengths of 25 and 30i the change over points
are 50 and 65 monomers, respectively. A bimolecular legaflet
model in which the ends of the hydrocarbon chains from each half
of the leaflet interpenetrate was also explored, but no bettew
agreement with the experimental log (viacosity intercept) againat
logll, graph resulted.

It seems likely that the micelles initially formed with

increase of dieleciric constant on the aqueous side of fig. 19

are monomolecular in type, and that bimolecular leaflets develop




at values of logll, of 4°3=4°6, To exact decimion on the type
of micelles can be made, due to the effects of hydration on
the viscosity intercepts confusing those of asymmetry.
Celculations of hydration using V values for monomolecular
leaflets gave values of approximately lg.water/g. lecithin.
Woile this value is rather larger than that found from vapour
pressure adsorption 3tudi§25 (0cd44g./go)y it is of the correct
order.

Tables 9 and 10 show a graduwal increase in depolarisaiion
with increase in dielectric constant. From the earlier results
in non-polar solvents it was tentatively suggested that the
trend might be a consequence of the hydrocarbon cheins lying
roughly parallel 4o one another; and allowing a much greater
polarisation to ocour along the axie of the hydrocarbon chains.
It would seem thet this suggestion would not apply in polar
solvents where a similar, but inverted, hydrocmrbon chaln
arrangement was found. A% present; therefore, no satisfactory
explanation for this trend can be presented. Since the micellaxr
weights obtained by diffusion agree with those from light-

scattering, the depolarisations appear %o be true.
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SOLUBILISATION BY LECITHIN TN BENZENE,

The peripheral nerve myelin structural unit described

188,191 :
by Finean contained two bimolecular phosphatide leaflets.
In benzmengy lecithin forms bimolecular leaflet micelles, and
it has bheen sﬁiﬁéiiZQ that this system might provide a useful
model of part of nerve myelin. Solublilisation of materials by
lecithin in benzena might, therefore, indicate the ability of
the myelin phosphatide %o permit the same meterials to pass
throngh the phosphatide 1&yaraog The solubilisation of soms
dibasic fabty &c%gi and soms diez by lecithin in bhenzens have
previously been described.

Cholic Acid.

The lecithin scolution and some finely powdersd dry acid
were continuously and genily shaken (figo 27) $i11 equilibrium
was reachedy; 5 = T days being needed. The materials were
contained in 150ml. conical flasks having slightly concave
internal bases to enable a marble to roll in the flesk and stir
the contents. Six flasks were shaken simulianeously, the
stoppered flasks being sealed with 'Paralilm’ and dipping into
a water bath at 20 % @alga To determine when equilibrivm was
resched, samples were withdrawn periodically from one flask,
two successive concordant assays indicating equilibrium. The
remaining solutions were then assayed.

To assay a solutlon, 8 - 1Omls. were removed from the flask

and centrifuged at 3000 r.pom. for 30 minuies in en M.S.B. angle
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contrifuge. About Swla. of the clear supernatant solubtion
were removed and welighed. The solutlion, of known welght, was
gvaporated to dryness under reduced pressure at 35 - 4009 and
the residue was dissolved in a mixture of 20mls. wethanol and
5mls. water, This solution was titrated with N/50 aqueous
sodium hydroxide, unsing phenolphthalein as indicator. A
blank titration of 20mls. methanol and Smls. water enabled the
titre of lecithin and c¢holic acid to be isolated. The 5 mls.
water were necesasary to sharpen the titration snd=point
satiasfactorily.

To reduce the lecithin titre, a methanolic solution of
lecithin was deionised using a column of "Bio=Deminrolit’ mixed
bed resin., After evaporationof the methanol, the le cithin was
recovered by precipitetion from ether by acetone as described
garlier. Lecithin sample E was used in this work, its analysis
data, after ion-exchange chromatography, being given in Table 3.

Several leciihin solutions were assayed as for the
solubilisation esystems, the resulting plot of titre against weight
of lecithin being & straight line through the origine.

Subsequent lecithin titres of solubilisation systems were
therefore obitained by extrapolation from this plot., The small
titre of cholic acid dissolved in benzene was also determined.
Thus by subtracting the titres of lecithin, solvent and dissolved
cholic acid (15 = 30% of the total #itre) from the assay titre

of a solubilisation system, the cholic acid titre was isolanted.
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Regults,

With lecithin solutions of concentration below 0°073% (4the
concentration at which small micelles aggregate to the large
micelles iilzﬁ@) no solubilisation was detected. The results
for lecithin solutions, of concentration above 0.073%, are given
in Table 12, the molecular welght of lecithin being calculated
from its analysis data. The mean value for the ratio of the
number of molecules of scid solubilissd per molecule of lecithin,
¥ /i, was 0c636.

Table 12,

Solubilisation of Cholic Acid by Ieclithin in Bonzene.

Total loelithin 908 18215 21°87 27°20 36°38 45°24
concentration

(Moles/Kg. solution)

x 103

Lecithin concentratlion To62 16065 2034 25065 34082 43:66
as large micelles (Moles/

Kg. solubion) = 10°

Solubilisaed cholic acid 4<66 1055 13.41 16.07 2321 26.90
concentration (Moles/Xg.

solution) x 103

M,/ M, 0-612 00634 02659 00627 00667 00616

Discussion.

The sterols form very stable surface flilms at the air/

water interface, where a variety of molecular orientations are
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found., Thus where there 13 & polar group (usually ~0H) on
position 3 only, and a hydrophobic chain on position 17 {of the
stereid ring), aligument 1s vertical to the iniggfaceg the
horizontel cross—sectional area being about 35m45220 Fox
sterols with mors then one hydrophilic group (s.g. one afb
position 3 and a second elsewhere), the alignment tends to be
loss vertical, the tendency being dependent upon the segparation
and hydrophilic nature of the groups. In the extreme, the
sterol will liec horizontally, this allowing polar groups at
maximim separation both to be in contact with the water,
Apocholie acid is aligned horizontally due to its hydrophilic
groups, these being a carboxyl group 2% the end of the wide=chain
on position 17 and two hydroxyl groups at positions 3 and 12,

It would seem therefore, that in the lecithim micelles,
cholic acid wonld lie heitween the polar sheets and he orienitated
to Tavour maxinum association between its polar groups and the
lecithin monomer polar heads, An approximately vertical
~alignment of the acld between the sheets would favour this
arrangement. From the Mg/Ni = 0°636 ratio, micelles conbaining
80 monomers would contain aboud 50 cholic acid molecules., If
the acid horizontal cross—sectlonal area is taken 22840229 the
maximum polar sheet surface area required for close packing
(assuming no change in cross-sectiional ares on close packing)

o
would be 200042, For a micelle having 40 monomers per

monomoleculer leaflet, and a polaxr group cross-sactlional area




) c
o")
oy O ; . .
of B%A7, the surfece area of each polar sheet is 26 OOA o The

agreement Of these two fligures would suggest that the cbolie
acld could lie in the micelle wlith its carboxyl group adjacewnt

te & monomer polar group of oune leaflet and 1ts number 3 positlion
hydrowyl group adjamscent to a monomer polayr group of the cther
leafled,

I% wmay be thot the cholic acid molecules are horizontally
aligned at the micelle rvolar core and that they %tend fo asscecliate
with the polar groups of ons leafled only. TFor such an
arrangement, the acid could lie either between the two lecithin
leaflets oxr between the polar groups of monomexs in the some
leaflet. The formeyr would cause separation of the tw leaflets,
the latiter, sepazation of wmounomers in the same leaflet.

259,260 o
Assuming the cholic acld molecunle Ho he 204 long and 4@&3 in
cross-ge0tion, and considering its cross—sgetion to be aquars

or ciroulay, the surface avea of lesithin covered by a hordzontally
o]

aligned cholic acid molsecule would be about 130A2° For 50 sumch
o
molecules, the sres would be 650042, Hince the polar sheet

@.
surface area is 220047 g the aclid could be accommodated by

forming a trimolscular acld layer. Also, since one chollic acld

molacule would cover morse then one monomer head group, there ie

the possibility of association hetween lecithin polar groups and
cholic acid hydroxyl groups at positions 7 and 12 on the stewoid
ringo

Asmuming the lecithin polar group to be eppproximately squave



in section (from molecular models), it would be possible for
two cholic acld molecules (eech of mids 2@2) to 1ie betwsen
two rows of five lecithin monomers (each row of lengbh about
@Oi)o Expanding such an arrangement in one dimension, Zn
acid molecunles wonld lie alongside 10n lecithin monomera.
EXP&lcngside (5n/2)49k direction, 2n acid molecules would lie
ﬂloﬂgﬂid@ﬂ£5n/2§f§§ monomers. EBxpanding in both directions
simltanconsly would produce an intermediate association level,
Since from experimental date, n = 25 for each monomoleculax
leaflet of 40 monomers, this method of incorporating the cholic
acld would seem inadeguate.

With the limited reosulis available, it i3 not possible, at
present, to identify which way the cholic acid is incorporated

in the wicella,

Bie=quaternary Afmmonium Compounds.

Pour compounds, hexamethoniuvm, decamethonivm and
hexadecamethonium iodides and decamethonium bromide, were studied,
The solubilisation techniqne was 88 descyibed for chollc aclid,

When the solubilisation system reached equilibrium, it was
asmayed by removing B-10mlg. and centrifuging as before. “mls.
of the supernatant solution wers removed and weighed and about
10mle of jon-exchanged waier were added gradually to the soluntion,
shaking the mixture between each addition. The benzene was
evaporated slowly, under reduced pressure, to form an aqueous

locithin mol, A 10ml. column of ‘Zeo=Kerb 225' was prepared
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and washed with lon-exchanged water, the last 100 mls. washings
being retained. The 20l counitalining the previously solublilised
compound was then washed through the column with more watexr
$111 & second 100 mls. fraciion was obiained. The column was
finally waghed to produce s third 100 mls., fraction. The thrae
fractions were titrated with /50 aqueous sodium hydroxide,
using phenolphthalein. The solvent titre was the mean ¢ itre

of the first and third fractions, and by subtraciing this mean
value from the Htitre of the second fraction, the titre due to
solubilisate and lecithin was obtalned. When varying strengihe
of lecithin sole were similarly assayed, again the plot of titre
agalnst weight of lecithin was 2 strailght line through the
origin. Subsequent lecithin titres wore extrapolated from this
plot, enabling the titre due %o solubilisate %to he isolated.
Tast asoays of known mixtures of solubllisate and leclthin =20ls
in water yielded over 99% solubilisate, 10 mls. of the resin
Peing found sufficlent for 0-0%6 m.eq. of soinbilisste. None

of the four compounds was detected as soluble in benzensg.
Re Slkl‘ﬁig::

{a) Hoxadocamethonium Iodide.

o solubilisation by the small micelles wes detected, the

solubilisation by the large micelles being sumperised in Table 13,

The mean value of Mg/Wh was 0°02%,
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Solubilisation of Hexadesamethonium Tedide by Lecithin in Bemzmens.

Total leclihin 9°06 22061 31063 38038 45012
concentration (Moles/

Kgo solution) x 10°

Lecithin concentration To60 21°08 30°08 36°82 43°54
as large micelles (Moles/

Kg. solution) x 103 |
Solubilicate concentration 00180 0623 00654 0-879 1-00%
(Moles/Kg. solution) x 107

mg/ml 0°024 00030 00022 0024 02023

(b) Hexemethonium Todide.

Solubilisetion by the small wicelles was found, and the
values of M@/ﬁi for lecithin solutions of concentratlon greater
than 0:073% were corrected for this effect., Resulis for
lecithin solutions below and above 0:073% concemtration ave given
in Table 14, the mean velues of M@/Mi for the small and lawvge

micellen being 0059 and 0-093 respectively.
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{e) Dscamethonivm Bromide and Todide.
Neither compound was measurably solubilised.

Discussion.

183

From & previous study of the solubilisation of a series
of dibasic fatty acids by lecithin in benzens, it was euggested
that the acids lay in the micelle in one of swo ways, and for the
acids that lay in a similar menner, the My/My ratio decreased as
the fatty acid chain length increased. Since the ratio for
heoxemethonium iodide is greater than that for hexadecamethonium
ipdide, it was thought that the ratio for decamethonium iodide
would fall betwsen these two valves. Since this was not observed,
gnd due to the very small observed ratios foxr the two substances
solubllised, & small solubilisation ratic of %ha decamsthonivm
compound may be masked hy experimental error. The very small
observed ratios do not permit the postulation of methods of
incorporation of solubllisate in the wmicelles other bthan to
sugegest that 1t probebly lies between the polar sheets, as opposed
%0 lying parallel %o the monomer hydrocarbon chains. It is
thought that it would be worthwhile contimuing the solubilisation
ghudy of these water-soluble materials in lecithin micelles in
benzene where the micelles contain some water. Such hydrated
micelles would more closely resemble nerve myelin phosphatide
than the dry lecithin/benzene system. Prior to such a shudy,
the effect of water on lecithin micelles in benzenz waa

investigated.
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THE THTERACTION OF WATER WITH LECITHIN MICELLES TN BENZEWE.

From water vapour adsorption etudies on dry lecithin, the
association of water and leclthin bas been shown {o occur mainly
at the polaxr head g@oiszo D@mch@igﬁ found the maximum quantity
of water solubilised by lecithin in benzene; toluene and xylene
4o be independent of the solvent used, the maximum uptake
being 0°33ga/gs lecithin., Since it was thought that & more
realistic blologioal model of part of nerve myelin would be
achieved by ineorporating water inm the micelles, a study was
made of the interaciion of water and leclithin micslles in bemzenc.

Lecitbin seample I’ was used; it bhaving beon deionised
sinllaxrly to sample BE. To investlgate the aggregation of lecithin
in bengens ab 202 the solubilisation of tropasgolin 000 was
studied using the solubilisation technique previously described.
Bquilibrium was reached im 3 deays. To assay the systems, their
optical densitlies were measured at 483 mr, in 1 em. cells,
against benzens, in & spectrophotometer (Hilger and Watts, Uvispek).
Dre solunbility in dry benzene was negligible.

Water was incorporated in the micelles eithe» by shaking
the lecithin solution with a weighed quantity of watexr in a»
gealed flask or by allowing dry lecithin to adsorbd the required
amount of water vepour with subsequent solution of the wet
lecithin in dxry bengene., Wo differences in bshaviour were
obaarved between solutions made by the twe methods, To determine

the moximum water uptake, the optical density of 1% lecithin
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solutions conteining various esmounits of water were measured
at 546 @po Vapour phase equilibrium experiments with lecithin
solutions; and benzene with added water, were cerried out by
eonneeting the two flasks countaining the solutions with a U=
shaped adaptor.

Hemulbte and Discussion.

From the solubilisation of tropaeolin 000, the cmc of
lecithin in benzene at 20° was detormined as 2°6x10w@% (£ig. 28).
Using this value and those of Blei and Lei 7af 3“3x10m4% at 25°
and 8°6x10w4% (mesn value) at 40°, for substitution in the
gtandard relationigips of the two phase model for micelle
formation,

AR, = =20303RT°(Ylog ome/dT)  snd  AS, w OK /T
values were obtalned for the heat and entropy of micellisation,
AB, and ASy, of <10k, eal. mole ™ and =35 cale deg. ‘mo1e™
respectively. These values are large compared with those of
ionimed detergents im water., The lérge negative ‘Aﬁm value
| indicates thet a large ordering of monomers occurs on entering
| the micelley; this perhaps being related to the micellar

hydrocarbon ehain arrangement. To permit further conclusions
Y0 be drawn, further omc determinations would have o be made,
[ The aggregabtion of small inio large micelles occurs at 0°075%
(fig. 28), which compares favourably with that of 0:073% at
259, Since the present interest is in the large micelles, it

was this second aggregaiion concentration which was used as
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proevicusly described, %0 correct the viscosity resulis. Only

small corrections were necessary, and since irreproducible
results wers obtainad for the dye solubilisation in micelles
contalning water, the velue obtained in the dry state was used
for pll systems.

It is necessary to gain some idea of the location of the
water in the lecithin/benzene system since there is the
possibiliity of a significant partition between the micelles and
the surrounding medium. Also, the inbterpretation of the
viscosity resnlts depends 4o some extent on lkmowing the location
of the water. Since lecithin is very hygrosocopic, it would seem
likely that nearly all the water would be assccimted with the
lecithin. To 4try and eatablish the posifiion of the water,
water-saturated bemzene was equilibrated; via the wapour phase,
with a 3% sclution of lecithin iwm dry benszene., After 6-8 days
the presence of water ln the benzene was no longer detectable,
indicating a transfer into the mieelles in the second phase.
Further tests indlocated that there was no water loss from the
gystem, transfer from water-saturated to dry benzene giving the
gorrect equilibrium distribution. Also, water-saturated benzene
in vapour contact with lecithin containing 0<15g.water/g.lecithin
had no detectable water at equilibriuvm, If the partition of water
favoured benzene rather than lecithin micelles in benzene, a
significant amount of water would be expected to remain in the

benzene when in vapour contact with a micellar system. Since
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at equillibriuwm, water could not be detected in the benzens,
the equilibrium exliating between the water in the micelles
sud the waher im the benzeuns around the micelles very much
favoured the former position and 1% would seem reasonsble bo
consider all the =zolubilisad water as part of the micelles,
Ths maxisum uptake of water by 1% solutions of lecithim in
benzene was 0°33g./g. lecithin (fig. 29) which agrees wall
with the value of Demchenko.

Micellar welghts were oblained hy light-scattering for
systems containing 0°0516g. and 0°1047g. water/z. lecithin
(Pavle 15, fig. 30). Solutions containing O-15g., or more water/
go leclthin conld not be satisfactorily clarified elther by
filération oy centrifugetion. The remalis, uncorrected for
depolarisation, were plotted as H{e~e,)/(T-Ty) againat (c-ey)
whers ¢ is the tobtal concentration of leclithin plus water, oy
the second sasociation concentration of lecitihin in bengene and
Ty the turbldity atb g 0 Since the water seemed completely
associated with the wmicelles, 1t seemed remsonable %o treat 4he
pysten as esseniially a swo=component systemy this treatment
bhaving been used before foxr the light-scatiering of solnbilised
aymﬁzgio 545 values close to unity indiceted thet no dimension

of 4he micelles ewceedad A/20,




Figure 30,

$z0-0

eﬁﬂuﬂoV ABUTRSY ﬁﬁ&a&v\hﬂauavm 82 S£3INSdY SUTISL3BOE-1US LT

utysoe] °8/xazey °89C60°0 (g€) utyzgoey °F/xesmy °SLpore0 (V)

>t/ °8 ﬁmouow 8% X998 PUR UTULTOS] JO UQTLBILUIDUCYH

20°0 GT0°0 T0°0 &00°0 o}

F

[ ! i [} moo

c°L

(]

<
bk

]

=

%

9°t .9
p

~

P

T

Tw.m

o —




BMenre 21,

Tt s st B,

2 L
R il A
ot '
i » ,/E”\.-) i (@
6 o= Ygee
:ﬂ-ﬁ} ”’].) w—’-‘-"'"\_)’”:;,: T e Ty B
_,F-.:—/‘f:;,b_-r:.o—”“ =
I
I
AT
1 ST
0-5 I
I\ 0 il I .

001 002 003 004

Lecithin concentration (g./ml.)

{a) 0005368, Water/z. Lecithin (B} 0-2580g., Water/g. Deciihin

Diffusion Results,




137
Table 1%

PRI TR SR

RIS NY

Lecithin in Bonzeno.

oo of go watexn/

s = =3
& lecithin 107 10 1 o cithin e dn/do %5
00536 59 56 0280 =00052 100
001047 65 58 0°050 00%8 100

Because the systems had small specific refractive index
increments, (T-Ty) values were very small., This, ‘together
with the % 8-13% ervor in light-scattering molecular weilghism,
made checks on the light-scattering micellar welghts necessary,
Thiue the diffusion coefficlents of systems containing 0-0536g.
and 0029%50g. water/g. lecithin were measured (fig. 31) and by
vaing further viscosity data (figs. 32 and 33, Table 16), the
three alternative micellar weights, MNpp, Mg and Mgaj, were
determined (Teble 17). For the 0°25%0g. waler/g. lecithin system

Lt will De shown lafer that ¥ providea the closest caloulation

s0Ly
%o the neture of the wmliceellie, while for tbe 0°Q536gu/ho syaten,
WMam Lo closest.

Talble 16

Viacosity Resulis,

Hoo of gowaker/

100g. lecithbin. 0 1040 4022 5.78 804l 11e2 1604 2406 3108
r,‘ a o O’ @ » a 83 ] © o o/

Wap -0 287 3082 3086 4500 394 3-89 3.89 3.76 343
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table 17.
Diffusion~Viscosity Resulis.
Hoo of g.water/g.lecithin 106D 10m3Mpr@ 10®3M6b lﬁmgmsﬁlv
0°0536 0°976 68(64)  64(62) 63(60)
022550 0°962  14(55) 72(53)  72(53)

In Table 17 +the figuxes in brockeds rvepresent the micellar
welghts of lecithin im the micelles.

Micellaxr weight incresses with increase in solubilleed water,
For dry lecithin, M=60,000, and within experimental exrror, the
micellar weighbts here correspond to 60,000 plus solubilised
water. This indicates that the number of monomers per miocelle
remains reasonably constant as the micellar water content increases.

The viscoslity intercepis, 073p/¢3¢;0 (represented again by
F71 } in figs. 32 and 33 increase from 2087 at zero water content
%o a peak value of 4000 at 0-058g. water/g., lecithin and then 0
decrense on adding further water. At 259, and zero water congﬁﬁﬁg
&7{]m 2°78, which ig close to the valne found heve ab 20°,
Using equation (30) where

[\7’} (%7%/?{ Voo =9 (Law/T0)

vigcosity intercepts were calculated for spherleal perticles
wsing w a8 the number of g. watex solubilised/g. lecithin. On
comparing these latter values to the experimentanl E7’]'va1ue$
(fig- 34), i% is seen that this treetment does not account for

4he observed behaviour of the viscosity intercepts at low water

contents, indicating thet micellar shape changes occuxr in this
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region. At 0o33g. water/g. lecithin it appears bthat whe
micelles are spherical, since & short exbtrapolation of the
experimental cvrve (fig. 34) to this water content gives %7?
= 3034, the theoretical water content of such an Eﬁfj valne &
for hydrated spheres beimg 0°330g. water/s. lecithiQo This
latter amount of water would f1ll a spherical cevity of radius
19082 dn the micelle centre. Taking the head group area of
lecithin a8 55229 and arranging 80 wmonomers so that the head
groups covexr the surface of o sphere, the vadinas of the sphere
is 180730 The remsonable agreement between these figures
indicates that thie is probably the maximum amount of
solubllisate which can be incorporated in the micelle.

Aseaming, as% in the valowlations above, that no regulay
layering of nolubilised water ocanrs and that the micelles are
ungolvated with rgmpect to benzene (which seems reasonable
from preceeding wggg and from the viscosity resulits at 0°33g.
waber/g. lecithin), an idea of the changes in micellar shape
oonrring on the addltion of water may be gained fyrom wodels of
lecithin micelles. Molecular models show that the polar head
group can be represented as a block 7x8§2 in cross-seciion; snd
uslng alsc the lenglh of half the bimolecular leaflet asm JGiy
it ia possible to calonlate E7ﬁ for prolate and oblate

ellipsoidal micelles of 80 wmonomers.

Vhen water is absent, the short semi-~axis, b, for the
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prolate ellipseid is gilven by b = (ﬁﬁxﬁﬁjﬁﬁéﬁg and since
& = 3629 the axial ratic and hence ﬁb{j can be evaluated,
Here, E?i§m=20549 which 18 rather lower than the experimental
value. An eatimede of E?i} can be made foxr the 0:058g, w&ﬁ@r/
&« lecithin system, this system providing the highest
experimental E?igg There are two principal ways im which the
water can be lnocoxrporated., Fipstly, 1t mey lie in the gup
between the polar sheets and; in =0 doing, increase the g
dimension. 0°058g. water/g. leciithin covresponds 4o 2°4 water
molecules per monomer. Allowing a sheet of water wmoleocules,
six moleonles thick, b0 lie beitween the lecithin polar sheets,
E?i!m 2°87, & wvalue much lower then the experimental 4°00,
Séaondlyp the water may be incorporated between the polar heads
in each sheet, thereby increasing the micelle cross-—sectionnl
areany causing an incveanse im b, The summation of the polar
head areas and water molecnle ereas gives [ﬁ?j w 2262, A third
poesibility is that both types of micellar expansion way oecuég
the changes balancing ome another with respect to aay?m@%myo
Water vaponr adsorption sbtudies on naturasl lweiggin showead
that 2% woter molecules/lecithin moleonle represented the
completion of firat layer edsorption. This figure agrees
reasonahly well with the weter content giving the peak value of
E?jo I% wae alse shown,in interpreting the transport properties

of lyselecithin, that this first layer might fit into cavities

in the polar heed grouvp wiithout significantly inoreasing the
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effective monomey lengih.

The consideration of oblate ellipeoids is more ALfTiculs
sinco decisions heve $o he mede oncﬁhe geomatry of the sheet
of polar head groups. S@lubiliamﬁifi indicated that the length
of the sbeet of polar groups was three times grester than its
width., Teking the shorter dimension (2a) as 4x8 o 3229 then
Dt = 440629 and using the mean of b’ and 363 to give an average
value of b, E7i} becomes 3°09 for dvy lecithin. The incorporation
of six rows éf waber molecules between the two polar sheets glves

E7fym 3°%, while inoreasing the ares of the sheetsn om
incorporating the same amount of water gives ﬁqigm 306, These
calonlations for oblate models are tentative since they are
sensitive to the exact geometry of the lecithin head group, and
aleo heve the drawbaek that the model does not exmetly £i$ the
oblate shape. However, they do provide & gulde to the development
of mlcellar asymmetrTy.

I% wonld seem that the micelles resemble oblate ellipsoids,
and that the addition of water initielly lancresses thelr asymmetry.
Above 0-058g. water/g. lecithin, the micelles tend towards a
more spherical shape since E7i]&ecreaaes with increase ln watew
gsontent. This change may represent rearrangement of micellarp
phruciure, since to prevent contact between the polar heads (with
their associated water) and benzene, as the volume of water in
the micelle sentye increases, the micelle shape will tend o
become sphericeal, reaching ithis shape when 1ts water condent

becomes Oc33g. water/g. lecithin.
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BIOLOGICAL ASPECTS OF PHE PRECEEDING WORK.

I% is lanteresting to consider the resulia in the light of
possible funciion of leclihin o8 a component of the cell
membrans. The centre of the mewbrane is h@li@ﬁ@d o comsied
of a himolecular leaflet of phosphatide mmterisio Where this
ssrnoture 48 free of adsorbed pr@%a%gﬁ changes in mewbrane
perneabllity could be caused by & locel aliseration of the
dielectrio comstant of the wabter adjacent %o the phosphatide
-which cownlid bring about a rearrangewent of the phosphabide
ghructure. DBlectrolyies have been shown %o deercase the dielectric
constant of water @oamidarﬁgggo Tha 2 large deecrease in
dielegtric conalant could be obtained from & high translent,
loeal ecomeentration of ions, which would cause the dislntegration
of » small ares of the wmembrane and allew traneport of materials
201088 1l R@@@m%%§9 1% was found thaet high lonic concenbtrations
hove an effect on phesphaiide double layers which suggested ionic
change a8 & posslble cell permeablllity mechanism.

Legeithin micelles in hensene sre a convenient wodel of the
in vive phosphatlde bimolesular leaflet strnolure. Howevew,
with water incorporated bhetween the two polar sheets of the
lecithin miceller g better resemblance is obitalmed to the
phosphatide strucbure found by Pivesn in werve myelin. Tt ia

thought that this second model, contalning watery has promige

a8 8 further useful model of the in vivo phosphatide leaflets.




143
APPENDIR 1.

Estination of Errxor in Calibration Consgitent.

A .
10log 0°C =y 1000 = z

(1) 4° 54 Fo 41 The twenty values used for the
4° (6 Fo 50 log © against T plot were divided
4o 72 3o 31 into three non-overlapping groups
472 F. 1.8 as shown,
4279 3-90 For the twenty values,
4°83 Bo28 2% = 152°54 ® = To627
4°94 543 2oy = 104037 ¥ = 502185
(2) 4°79 5. 46 Por group (1) values (subseript 1),
5000 603 2%y = 2581 ¥y = 3687142
§oq1 Gogg  Lu¥y = 33020 ¥y = 4°742857
5016 612 For group (3) values (subseript 3),
532 gogs kg = 8572 Yy 120245714
50939 8005 Z&”ﬁ = 40-22 3;5 = §oT45714
The slope of the line between (xﬂgyl}
() 5046 9-94 =
and (xgpyﬁ) is given by
5247 984 e ey e
D e (y3 - yl)/(x - xl) = 0°LLTLTS
548 9°69 5
Thus, for the line,
582 1%0% -
y -5 = bx = x)
504 1544
glving
6 °02 14 -59
Yy = 409248 + 0°1172x%
6°03 13519

Alsos




2iy") = 548.8739  (Ly)*/N = 54465485
oo 22057 = (L) = 4022905
Zixy = 83107509 2. x2.y/N = 79602999
,°,ny wz:x“:y/l\f = 35°72991
The error variance (cfg) of ¥ and y is given by

2y _ 233@ SRR
@f = 1{2«5;{2 gl;z(y d- (L) /(G xy-) %) v/N) = 00002800
K2

Z(xa) = 1477°0610 (32x)%/0 = 1163042258
) - (Lx)P/n = 31563842
Meo, 02w [ 246 - CaPul/2) - Ty -LLy)/o-2)
= 0483926
K = 7 %/67F @ 0:005719576
ﬂz(k@vﬁ)a
The variance of b, V(b)) = =

kgi;(xg) - (ZK)Q/N] * b (xy = Lxdy/m)

The variance of a predicted value of y, for a given value, Ryeo
of = i8
¥iy,) = T2 o (g 0?u(b) + b7 6] F (1e1 /)
For i, = 0 V(yk) = 0°008663
. » Standard ervox of ¥y » 0009310

The 95% confidence limite for ¥, are % 009310 x 2°1% = £ 0°1964 for

S
17 degrees of freedomo
The limita ef error of Ve at x = 0, are therefore 4°325 &£ 0°196,

glving
G 2071 x 107 % 0032 x 30 w 2070 x 167 % 404%,
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APPERIDIX 2.
Polystyrene in Toluene.
1. _ Bstimation of Error in*gaggl(g o

The dats used iz contained in Table 5, where ¢/T = vy and ¢ = 103}0
D% = 00036211 % = 00036211 gy = 40095 § = 4095
2oy = 0:16794257  Joxg,y/¥ = 0°148284045
L2y = Y xy /N = 0°019658525
230%) = 0-000158894859  (S5x)*/W = 0-0003321236521

(w1 - (O0x)%/8 = 0-000027771207

Regression coefficient,
B gg[zxy = szy/@/iz(xg) =v (Zx)g/l‘gﬂ = T07°87
Thus, for the regression equation of the line, ¥ =¥ = b{x = %)
¥ = 1532 + TOT-Gx .

2 (5") = 181-6295  (J,9)%/8 = 167-69025

Sum of souares due to regvession,
h(§:xy - EZXEZy/N} = 13915680

Sum of aquares about regrvession,

25" (LYo u-n( oy « FixYy /0) = 000253
Varlance about regresalion,

5% @ 002337/ (8N-2) = 0-002921

Variance of regression ceefficient, _

0-002921/ Eﬁ(xg) = (1.x)?/0] = 105-2

Standard error of regression coefficient = 1026

The 95% confidence limits for the regression coefficient are

+10026 x 2031 = £23%.70
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The limite of error of the regression coefficlient are therefore
TOT 8712570 = T08EF0 5%
The varianece of the regression estimate is given by
s° El/m & (3, =%)%/ E(x@§)2]
where %), is any valuve of x.
Thus for X = 0, the varisunce of the regression estimate

0:002921{0°2 + 0.4722) = 0001671

i

o « Standard error of regression estimate = 0.04088
The 95% confidence limits for the rogression estimate are
004088 x 2°31 = %0.0944
The limits of error of y, at x = o, are therefore 1-532%0°094 giving
(e/T) ., = 1°532 L 6°1%
2. Bstimation of Error in 1/P(6).

¥Yrom the data in Table 5, 245 values were plotted as l/(Z&l)

against ¢ (Table 18).

Tabl [ .18 [
o(g./1000 mls.) = 10°x 1:506 1°883 2109 2:560 2°673
1/(2-1) = y 3000  3°89  Be52  3oTB 3066
107k 50460 4°619 5121 6°025 60251
¥ 4958 510 5°41 6°30 5099

D% = 02036211 K = 000036211 )y = 44°63 T = 4°463
T xy = 017925825  3.x .9/ = 0-161609693
kY = Y. xY g/ = 0001764856
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As Tor the estimete of error in e/, Ez(xg) - (EZK)E/K = 0°000027771207
Thus the regression coefficient = 635°50, givimg for the equation f
the line ¥y = 2°162 + 635.5x%
Since ab x = 0, y = 2:162, (245)@%@ = 1463
2% = 2100521 (3,9)%/8 = 199-18369
Sum of squares due to regression = 11°215659880

Sum of squerss about regvession = 01217

i

Varisnce about regression 0°01521
Fow X, = 0y veriance of regression estimate =
0°01521(0°3, + 0°47214) = 0-008702
o o Standard exrror of regression estimate = 0°09328
The 95% confidence limits for the regression estimoede are
¥0°09328 x 2°31 = 021548
The 1limits of erwor of y, at ¥ = 0, are therefore 2°162i0°2159 glving

(z ) = 10463 = 5% and 1/P(6) = 1351 £ 2:6%.

Z45 C=0.
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APPENDIX 3.

Polyatyrene in Methyl Rthyl Ketone.

L. Botimetion of Eevor in (off) _ .

The date used is contained in Table 6, whore ¢/ = y and ¢ = l@gxo

Sk 5 000275 X = 000275 Ty = 6.347 § = 06347

Yoxy = 00185555 T xSy/M = 001745425
S XY = xSy = 0000110125
o) = 0:00009625  (S'x)2/M = 0-000075625
LT - (TP = 0-000020625

Thus the regression coefficient = 53 %9%, giving for the equation of
the iine y = 04880 + 53 39x

S - 4-087547  (Ty)2/ = 40280409

Sum of squarss due to regression = 0o QB8T9RTATS
Sum of squares about regreasion = 0o 0003104
Yariance about regression = (o 00003880

Yariance of regression coefficlient = 1.881
o oStandayd error of regression coefficient = 1° 371
The 95% confidence limits for the regression ceefficient are
P 371 x 2 3L = 2% 167
The limits of error of the regression coefficlent are therefore
» 55,39 & 3,167 = 5339 & 5 95
’ For =0, varience of wegression estimate = 0-00003157%(0s1 + 0036667)
= 0oQ000L81LL
. »Standard error of regression estimate = 0004255

The 95% confidence limits for the regression estimate ave 10004255 x 2o°

= T0.00083
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The Limits of error of y, at x = o, are therefore 0°4880%0°0098, giving
=3 o 3o
(@/T)@Q0 0°4880+2-0%

2. BEstimation of Error in 1/P{(o).

Using the data in Table 6, %, velues were plotied as 1/(2-1)
againat ¢ (Table 19).

Table 1 (_2.0

L= s i S prst e

Data for Polysiyrene in MEK Dissymmetyry Analysi

6(g./2000 mlg.) = 10°x  0:5  1:0 15 2.0 25

1/(2=1) = g 2.72 2:88 2:98 3.30 3.44
10°x 3.0 3.5 4.0 4:5 5.0
y 3.73  3.82 4.00 4:18 4-37

2% = 000275 X = 0000275 'y = 3542 § = 3°542
2%y = 0210515 D x).y/K = 00097405
Lo, ny - Zny/m = 0007725
Ap for the esiimate of error in o/T, }3(x2)m(§§x)2/n = 0°000020625
Thus the regression coefficient = 374°54 giving for the equation of the
line ¥ = 2°512 + F74°5x%
Since at x = 0, ¥y = 2512, (Z45)©g@ = 1°398
YGE) =asmma (V9w = 12545764

Sum of squares due to regression = 2-89%%2150
Sum of squares sbout regression = 0°02044
Variance about regression =z (0°002555

For % = 0p variance of regression estimete = 0°002555(0-%1 + 0°36667)

= 0°001192
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e o Standard error of regression estimate = 0°0345%
The 95% confidence limits for the regression estimate axe
£0°05453 x 2°31 = £0-0798
The limits of ervor of y, at X = 0, are therefore 2°512 £ 0080,
giving

= o "lf' o == Q + 4]
(z%)c%o 1-3%98 * 0.9% and 1/P(0) = 1.304 * 0-8%,
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