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INTRCDUCTICH,

Modern colloidal chemistry is the result of the
development of Graham's (1) epoch-making experiments which
led to his classification of matter into the crystalloid-
al and colloidal states. In the development, however,
Graham's classification has not been retained. The large
number of facts that have been discovered since 1861 indi-
cates that a sharp line =& scarcely be drawn between the
two domsins. Gold, for example, in the colloidal state
may be essentially crystalline. Furthermore, one and the
same substance may be crystalloidal in one solvent and
colloidal in another. The difficulty of classgsification
is still a problem and even at the present time our nomen-
clature is in a primary stage ¢f refinement.

Protably the best classification is due to
Freundlich (2). This autlcr used the term lvorhobe to
represenrt colloids, whielhi when taken in bulk had nc affin-
ity for the dispersion medium, while lyophile wasg the term
.used to designate a collcid which when taken in bulk was
veptized by the dispersion mediun.

It is not surpr:iSing to find that with the dis-
covery of the colloidal state of matter there followed a
period of enthusiastic research in the new field. As a
result, today, the azvniications of colloidal chemistry
extend into a great many branches of science, as well as

everyday life. Bancroft (3) states that "a knowledge



of colloidal chemistry is essential to anyvody who
really wishes to understand about: cement, bricks,
pottery, procelain, zlass, ecrzimels, olils, greases,
scaps, candles, glue, starch and adhesives; paints,
vernishes, lacquers; rubber, celluloid and other
plastics; leather, paper, foundry cores, coke, as-
phalt; graphites, zinc, phosphorus, sodium and
aluminum; contact sulphuric acid, hardened oils, etc.,

etc.; veer, ale 27 wine, cream, butter, cheese, sud

caseire products; cooking, waching, dyeing, printing;

ore flotation, water purification, sewage disposal, smole
prevention, photogresvhy; wireless telegraphy; illuminants;
comets; vharmacy; ovhysiology.*"

For the most part, however, investigators
have confined their efforts to hydrophztic and hydro-
philic sy:tems, and wit:: few exceptions, (4) lyophilic
colloids dispersed in non-zqueous media have been neg-
lected.

The study of hydrophilic sols is rendered ex-
ceedin-ly difficult by at least three disturbing factors;
first, hydrolysis; second, in some cases, lonization;
third, the effect of the adscrction of hiydrogen or hy-
droxyl ions, which are alvays present in the purest water.
In consequence of this, particularly in the case of pro-

teins, the hydrogen ion concentration must be conurolled



within very narrow limits. creover, the slizghtest
impurity in the form of traces of electrolytes in

the dispersed phase, is likely to introduce an element of
uncertainty infkthe experimental results. In srite of
this, howvever, it must be admittel that the masterly re-
searches of Lceb, Robertson, !’ichaelis and others have
done a grezt deal to unravel the colloidal problems pre-
sented by trhe proteins. But at the same time it can not
be said thet the problems are solved, or that all phenom-—
ena encountered in their study are eﬁtirely undaerstood.

In view of the fact thet ionization, hydrolysis,
and ilon adsorption are disturting elements in the study of
hydrolnhilic sols, the question of the adartsbility of a
substance dispersed in a feebly ionizing medium as a means
of studying the lyophilic sys*tem, presented itself.

In a systes, such as cellulose nitrate in nitro-
benzene .r rubier peptized in benzene, the possibility of
Lyiroiysis is ebsolutely eliminatsd, snd the adsorption
of ions due to the dissocietion of the solvent is entirely
~1t of the question. lMoreover, it is inconceivable that
substances, such as cellulose nitrate or the rubb=sr hydro-
carbon could be dissociated or in any way acted upon by
such inert solvents as benzene and nitro benzene. Conse-
quently, assuming that the disperse phase, in this case

rubber or cellulose nitrate, is obtainable in the pure



state, such a lyophilic asystem, is infinitely less
complicated, and certainly less susceptible to solvent
action than any known lyophilic system.

At the present time an investigation of &
typical organophilic colloid is of the greatest theoret-
ical importance. ZEspecially i: it true, when we consider
the possibility of ascertaining the parallelisms and the
difference in the behaviour of the organo and hydrophilic
systems. For instsnce, the effect of acids, bases, and
neutral substances, including inorganic selts, on the

disperse pnase. The effect of addition of ions of in-
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- valence; the possible ianflnence of variable
chaerze on the degree of solvation of the colloii. Tre
aeture of the action by which 1lizht of different wave
lengths influen.es the state of aggregation of the dis-
perse phase. A cozpnarison of the effect of thermal «.:?
mechanical treatment in both systems and finally the
influence of time or age on the vhysic:l properties of
the eol.

After a consideration of these possibilities
it was decided to commence a rather exiensive study of
the collcidal behaviour of some typical organop:ilic
colloid. 7Ths system chosen was the rubber hydrocarbon

dispersed in absolute benzene. This selection was made

on account of the fact that Dr. Thitby under whose direction
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as-

the work was carried on, has a detailed knowledge cf
the chemistry of rubber. Such a knowledge was fouud
to be invaluable in the preparation of the substance
in the pure state, and in subsequent handling of the
solutions which was a considerable factor in determining

t1e success of the investigation.



THE IZPORTAVCE OF VISCISITY IN T¥T STUDY OF THZ
COLLO:DaAL STATZ.

The question of the most suitable method
for studying the possible changes in the coiloidr.
state of a system now presented itself. In spite
of that fact that modern colloidal chemistry affords
an extraordinary variety of phenomena, the methods
used for their investigation are, however, extremely
special ones. Viscosity is by far the most general
and universally used. The reasons for this can best
be illustrated by explaining the significance of the
experi.iental and theoretical study of viscosity as a
means of advancing our knowledze of the colloidal

state.

1

-t

The viscosity of a true solution is complete-
ly def:i:.-d by concentration and temperature. Thé system
consists of only three variables, and therefore we may
plot viscosity-concentration curves at constant temper-
ature and viscosity-temperature curves at constant con-

centration.

Tr= viscosity of colloids presents an entirely
different case. A considerably greater number of vari-

ables defines the viscosity of emulsoid colloids, espec-
jally those which become emulsoid through the adsorption

of the solvent followed by peptization, such as gelatin

agar in aqueous medium and rubber in non-aqueous media.



In addition to the two variable factors, concentration
and temperature, the following factors are already kLiiuu
to affect the viscosity of these systems.

(1) Degree of Dispersity.

It seems as if a maximum viscosity accompanies
a medium degree of dispersion, the question being left
open, whether the size of the particles influences the
viscosity directly or indirectly, that is, through the
variable quantity of adsorbed dispersion.medium associated
with 1it.

(2) Solvate Formation.

The viscosity is greatly influenced by the amount
of solvent associated with each particle of disnerse phuse.
The ligquid associated with each particie is probably in the
form of an adsoried layer of orientated molecules. The
thickness of this layer in lyophilic sols is at the present
unknown, but it nevertheless must have a great deal of in-
fluence on the physical properties of the sol. This will
be discussed more fully later on.

(2) Previous Thermal Treat:.= t.

A gelatin hydrosol or a rubber organosol which
has been repeatedly heated and cooled has a much lower
viscosity than it had before this thermal treatment. In
the case of gelatin it may be due to hydrolysis or the

breaking down of some sort of structure, but in the case



of rubber, it has hitherto been assumed due to depoly-
merization. In section II of this paper theruarl treat-
ment has been taken up in detail and will not be dis-
cussed any further at this point.

(4) Previous Mechanical Treatment.

A enormous decrease in viscosity for a definite
concentration is observed in a solution of rubber, when
the rubber has been previously masticaeted on hot rolls.
An unmasticated sazple of rubber in benzene of a concen-
tration of .3% zives a solution of about five times the
viscosity of that of benzene itself, while with a thorough-
ly masticated sample, a concentration of nearly 8% is re-
quired to give a solution of the same viscosity. The same
is true in nearly all hydrophilic sols but generally to a

much less extent.

(5) Time.

The time factor is one of the most striking
variables of viscosity in solvated colloids. Different
values are obtained according to the age of the sol. For
rubber this change is always a decrease. The magnitude
and the rate depends on the temocerature and ths method
of preparation of the solution. Tiils factor will be dis-
cussed later on in connection with the desolvation

phenome:.on.



(6) Addition of “lectrolytes.

It is already known that additions of ¢ertain
substances may reise or detress the viscosity of both
organ. and hydrophilic sols. These effects deperd both
gualitatively and quantitatively on the concentration
of the added substances. They show an extremely inter-
esting number of transitional and interme’iate steps as
the concertratior of thre addsd substorce is increased. In
the case of organophilic systems a classification of these
compouris according to the nature of the effect produced
is not yet on record. It is hoped, however, that the re-
sults of this investigation will throw considerable light
on these, so far unexplained changes in the colloid:ci
state of the system.

In addition to t = importance of viscosity
phenomena as forming an extrenely varied field for invest-
i-ztion, & further siznificant factor might be considered,
namely, the L:portance >f viecocity as a "‘etlodle Princi-
ple® in the study of the alterations in colloidal syste:s
generally describesd as "Chanoes of State". If it is de-
sired to follow quantitatively the alterations of disper-
sity, solvate formation, etc., in principle, any physio-
chemical property of the system may be used as an indication
of sur: changes. But on examinin: a few properties like

conductivity, optical effects, Brownlan movements, etc.,
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i1* is found that such properties eitrer do not vary «uffi-

clently durin: a crhenzz of state or that they are not suit-

0y

able for quan*itative investigation. That property of a
colloid will,general’ly speakinz, be best suit 7 as an
indicator, which shows the larges* possible variation with
smell changes in the colloidel condition, and on the other
hand permits quantitative measurcmernts, if possible by a
method not too difficult. All these requirements are ad-
mirably fulfilled by te viscosity. I think spfficient

has Eeen said to Justify a stucy -f the colloidel behaviour

of rubber scls vy means of their viscosity.



SECTION I

(Curves for Section I given on pages 40 to 47.)
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THE -DZPARATION JF MATERTALS

The rubber used for this work was of the
pale crepe variety. A %00 gram samole was cut from a
large sheet and allowed to stand over P- o5 in o
vacuunm decsiwator for several weeks before using. Ix
every case the rubtber uced was cut from the desiccated
sample. This was nece:sary in order to be certain that
every sample had been sutjected to the same previous
tlhiernal and mechienical treatment and vossessed a uni-
form chemical composition.

It was considered advisable to reduce t'e
amount of L. 'rities present in the rubber to a minimun
by carrying out a preliminary extraction. . The usual
procedure adopted for the extraction of resins and resin
acids is one in which the rubber is subrjected to the
acticn of boiling acetone in a soxtlet for about forty-

ight hours. Since heat alters greatly the colloidal
propecties of rubber in solution this method had to be
replaced by a less drastic treatment. The ordinary pre-
cipitation method from the standpol:it of purification is
quite satisfac:ory. but the fact that after a few precipi-
tations the rubber becomes insoluble renders th: procedure
entirely unsuitable. Finally it was found that a mixture
of anhydrous acetone and ether kept at room temperature

constituted an extraction rcagsit almos* as efficient as

the hot aczetone.
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The theory of the cold extraction is as f.llows:
The ether is a very efficient swelling szont and finds its
way 1into the spaces betveen the ruvher agercgcotes. The
acetone being a precipitant for rubber prevents the swell-
ing from proceeding to the stage of dispersion. Both
liquids are excellent solvents for resins and resin acids,
consequently conditions are quite favourable for efficient
extraction. There is no “-ubt that after cold extraction
the quantity of resins left behind in the rubber is
neglizible.

After the cold extraction rubber was thor ughl
dried in a vacuum desiccator over P2 35 a suitable quantity
(about 12 grams’ was allowved to disperse in 2 litres of
absolute benzene. Tue solution was allowed to stand for
twenty—-eight days after which it was filtered through
cotton wool in a Buchner funnel. The concentration was adjusted
to .14967 corresponding to a relative viscosity of 5.00,
and unless otherwise stated, this solution is used through-
out Section I.

Under no conditions whatsoever was the solution
allowed to come in contact with daylight or actinic light
of any kind. All samples were contai==d in dark brown
glass stoppered bottles, and placed in a dark room. Tas
preparations of electrolyte solutions and all the filtra-

tions were carried out either at nigut or in thco day time

in the presence of artificial 1light. Such precautions are



necessary in visw of the fact that ultra-vio’et and
light of longer wave lengths lower the viscosity of
rubber solutions even on short exposure.

Since, as appears below, the colloidal con-
dition of rubber sols ls highly susceptivle to the pre-
sence of minute quantities of s:ide and bases, it was
necessary to work in a laboratory free from acid and
ammonia fumes. It was fou:Z that the presence of such
fumes in the atmosphere when sols were being pours? from
one vessel to another noticeably cifect:s: the viscusity

values obtained.

THEE PREPAZATION OF SOLT'TIQNS OF TLICTRCLYTIZ I ToVZBNE,

Pro*:..ly one of the most difficult parts of the
experimnental procedure was the introduction of exceedingly
minute amcun*ts of an electrolyte into a rubber sol.Z: zink /5)
adopted the methol of adding 25 cc of a dilute solution of
electrolyte in benzene to the same volume of rubber sol.

The viscosity of the resulting solution was compared with
that of a similar mixture without the electrolyte. This
procedure has one outstanding objection. When a rubber
sol is diluted to the extent of twice its oriyinal volume
it is a matter of days before the rutber particles became

in equilibrium with the solven:. It was found by the

author that a rubrer sol diluted to the extent mentioned



above, gave uncertain viscosity readings for at least

two deys after dilution had been performed. Also, Zggink

found that he had to make a correction for the change in

viscosity during the short period over which a series of

experiments were carried out.

In order to eliminate these corrections, & method

had to be devised by means of which unweighable guactities

of substances mizht be added to the rubber sol, without,

at the same time, introducing appreciable amounts of sol-

vent. In the procedure finally adopted it was necessary

to add, only 4 to 6 millimoles of solvent, a quantity quite

insufficient to upset the eziilibrium between solvent zul

disperse phase.

An account of an actual experiment will

best illustrate the met:zd.

4,72308 grams of trichloracetic acid was weighed

out in a Tight fitting glass stopvered weighing bottle,

and benzene added in sufficient amounts to dissolve the

acid corzletely.

Let this solution be denoted by A. From

A still more dilute solutions were obtained as follows:

1) 1 cc
i2g é cc
(2; 2 gg
(5) 1 cc

Knowing the concentration

of A
of A
of A
of A
of A

20
10
8
2
2

ccC
ccC
ccC
cC
cC

of

to obtain the concentrations

of benzene
of benzene
of benzene
of bengzene
of benzene

A it is a simnle calculation

of sgolutions one to five.

One drop from each of these was introduc:? separately from
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a standard pipette, into five glass stoppered bottles,
each containing 10 cc. of rubber sol. In this way five
electrolyte rubber solutions were obtained without the
addition of an appreciable quantity of solvent. The ex-
act amount of electrolyte added was calculated from the
welght of the drop, obtained directly by weighing. A few

actual figures will illustrate the accuracy of the meth::d.

Drops Total “ei.™t Jeight of one
arocp

1 . 21380 .01380

5 . 0692 .01385

10 s17722 .01382

20 . 2766 .01383

Thae experimental error is well below one percent.

It must be admitted, however, that this is a
somewhat tedious procedure and therefore cannot be re-
commended as a rapild method for preparing solutions. Never-
theless, the regularity of the viscosities and the close
agreement of consecutive readings vere extremely gratifying.
N2 correction was necessary for the change of viscosity
during the period over wiich the experiment was performed.

The question of o®taining solutions of inorganic
salts which are only very slightly soluble in benzene pre-
sented another difficulty. Fortunately, hcwever, it was
found that a considerable number of inorganic salts were
extremely sulutle in absolute alcohol and consequently
could be introduced into the rutber sol in the form of a

drop, as described above, the only difference teing that



- 16 -

a8 correction for ths effect <7 thiz alcohol was necessary.
The method proved to be very convenient and gave satis-—

factory results.

ANHYDROUS BENZZIT
(6)

Kruyt and Eggink, have suzzested that the influ-

ence of electrolytes on the viscosity of rubber solutions
may be due to the ionization of the electrolytes in water
present in the benzene. In view of this, especial pre-
cauticons were observed in the preparation of the anhyvirous
benzene. About four litres of Kahlbaum's molecular weight,
thiophene free benzene was sllowsd to stand for ten days
over finely divided fused calcium chloride. Frequent shak-
ing kept the fine grains of drying agent in suspension most
of the time, thus exposing a tremendous drying surface. This
was decanted - into a pyrex flask and a very large amount
of sodium wire was added from sodium press. The flask was
allowed to stand for a consicerable pericd, again, with
frequent shaking and with the occasional addition of fresh
wire. Finally the benzene was distilled from the sodium
through a continuous glass apparatus into s glass stoppered

bottle.

DRIPAPATICT COF AVYYDRCUS, ETARR, ACETONT A" ALCCHOL.

The ether and acetone employed in the cold ex-

traction process was prepar=:_ in the anhydrous form. The
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ether was first washed with water to remove alcohol,
followed by a preliminary drying with fused calcium
chloride. After standing for a few davs, the liquid was
decanted from the so0lid &zl sodium wire was added in
sufficient guentities to remove all traces of water. The
ether was finally distilled through a dry apparatus inTo
a8 careful'y dried glass stoppered bottle.

About three litres of acetone was allowed to
stand for three weeks in contact wit™ a large quantity
(Ca. =20 gms.) of finely powlered anhydrous sodium carbon-
ate. During this time the ligiid was frequently shaken i:.
order to expoge a large drying surface. The acetone was
finally filtered and distilled t-rough a dry apparatus.

Tiie alcohol used for dissolving the inorganic
salt. (mentioned below) was prepared absolute. Two litres
of commercial alcohol (957) was refluxed over lime for
fifty-six hours in a large pyrex flask. *ithout trans-
ferring the alcohol to another container, dis*illation was
carried out directly from tre lime, thus eliminating the

possibility of obtaining moisture from the air. The dis-

tillation was performed as descrived for acetone and ether.

Tilz PREPARATICI OF ANHYDROUS ELECTROLYTES.

Since all care was taken to obtain both rubber
and benzene in the anhydrous condition, the same precautions

were necessary in the preparation c¢f the elcctrolytes. Salts,
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such as cupric, ferric and zinc chlorides, which either
contain water of crystallization or are very hydroscopic

rere dried in an electric oven at 160°C. until they had
reached a constant weight. They were then immediately
transferred to a vacuum desiccator containi... Py 05 where
they were kept until removed for the purpose of preparing

the solutions. Salts, such as thorium and aluminium oleates,
which are not appreciably hydroscopic were dried to cou-
stanl weight in the vacuum desiccator. Tie other electrolytes
employed were Kahlbaw: chemicals, and consequently, in most

cases, a preliminery purification weg unnecessary.
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EXPERIMENTAL METHOD FOR THE DETERMINATION OF VISCOSITY.

All viscosity messurements were made in a
viscosimeter of the Ostwald capillary'type. The size
of the capillary and the volume of the bulb were so
chosen that a suitable time of flow was obtained. It
was one minute and six seconds in the case of the pure
golvent and about five minutes for the rubber sols. The
viscosimeter was adjusted in a vertical position by means
of a plumb line. The temperature was held constant at
25°4 .01°C. in an electrically controlled thermostat. All
caré was taken to remove traces of rubber from the capillary
after each determination. In order to achieve this, the
instrument was washed through with pure benzene, ten to
twelve times, and after esch series of observations, the
capillary was carefully freed from solution, dried and
left to stand overnight in cleaning solution. From time
to time during a series of readings the benzene constant
of the instrument was redetermined to assure that the
capillary was clean.

A fixed volume of solution was always intro-
duced into the viscosimeter from a 5 cc pipetteyand after
being rdsed to the upper mark by suction, was allowed %o
run through the capillary to the lower mark. The time
was registered by an accurate stop watch.

The density of the sols was . measured in a
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gpecific gravity bottle. It was found, however, that the
density of the sols used in this investigation was vract-
ically the same as the pure solvent. This is not sur-
prising since rubber and benzene have nearly the same
specific grevity.

The relative viscosity was calculated from the
formula:

Ns  tg dg

D 'tb db

Where Ns _ relative viscosity of the sol.
No— taken as unity - absolute viscosity of benzene.

¥s — time of flcw of the sol.

s— density of the sol.

Tb ~ time of flow of pure benzene
db - density of benzene

but dg= dy (see above)

1""TS = E
Ty

(ihhe electrolytes added rad no effect én the time of flow

of the pure solvent.)

The poseibility of employing viscosity for the
evaluation of raw rutber lead many investigators into this
field. Schidrowitz and Goldsbrough (7) occuyied them-
selves with the technique, and the details associated

with viscosity measurements of rubber sols. Fol (&),
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van Heurn (9) van Hcsem (10) Gorter (11) and de Vries (12)
have also cuntributed much to our kiucwledge of viscosity
of rubter sols. Van Fcossem (13) and de Vries (1U4) have
made extensive surveys of t': relation between viscosity
and vulcanizing propertics. There is, however, every likeli-
hood that such a relation does not exist, and that viscosity
is not a sufficiently reliable index for the evaluation oI
raw rubber. KXirchhof (15) and van Rossem (16) have examirczc
the viscosity of rubber in a number of solvents and over a
range of concentrationgj

‘ggie investigat:ion was undertaken with the intention
of showing tho applicability of Hatsch:ksemulsoid equatiocs (17).
Although, very impor*ant in describing the mechanism of the
rapid rise in viscosity with ircreasing concentratiosn of
rubver, tiiz work is hardly within the scope of the vresent
investigation. Le Blaic and Krlger (18) have studied the
viscosity of rubber sols con aldition of a great many com-
porunds including a numter of accelerators of vulcanization.
Their results were such that thsy were unable to make any
generalizations or tc submit a satisfactory classifi-ation
of the added substances accori.ng to their effect on the
viscosity.

Studies of the influence of small amounts of

electrolytes have been Litherto confined almost entirely

to hydrophilic sols, such as agar—-agar, starch caseine and



geiatir . It is true that Zruyt and Zgzink (19) have
examined the effect of a few electrolytes, as hydrogen
sulphide, sulprur dioxide, benzoic acid, but thc invest-
igation was not sufficiently extensive to enable ti:cn to
state defi:itely wiiether the chares in viscosity were due
to ciectrical or chemical phenomena. In the present
work, Lcowever, a very much more ccirplete ccoumpilation of
data -z been obtaired. The substances added to the rub-
ber sols have been extended to nearly every type .f crgan-
ic and inorganic compound, includirgz alcoliols, ketones,
hydrocarbons, mustard cils, nitro compounds, orgenic acids
and bases, ethers, ecters, halcgens a:id luorganic acids,
bases and salts. Tre reculits cutaliced :ecde 1t possitle

t. arrive at certain deiinite conclusion:z and alsgc per-

mitted several generalizations to be made.

ZXPERIIIUTAL RESULTS

It was found that the effect of very small
additions to benzene rubber sols could be classified
according to four types of added substances, namely:

a) Diluents
b Precip.tants

c Reactants
d Electrolytes

Each tyve is essentially different in the man-
ner by which it influences the viscosity of the ruvber sol.

A reference to some experimental resul®s will illustrate
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tris fact very clearly.

Diluents. By diluents is meant non-electrolytes which

like benzene itself are peptizing sgents and will not
precipitate rubber from its solutions. llinute quantities
of such substancesof the order of 1-2 millimoles per litre
do not alter the viscosity to an extent that can be de-
tected experimentally. A curve in Fig.(I) shows the hardly
appreciable effect of small amounts of anisole on the vis-
cosity of a rubber benzene sol. The compounds listed in
Table (I) may be taken as typical of such substances. Zven
when added in verv much larger proportions of the order of
ten millimoles per litre the effect is still! only silight;

see Table (II) below.

TABLE I

td

I7FL7Z07°CT OF DILUENTS O THET VISCOSITY OF A ZZNZINT F7==T%

SCL

(Proteia and recir. free rubber used. Conceniration. 2277, see
J P |

SeCo II‘) A Y
Subvstance added. Concentration in Telative
»illimoles per Viscogity
Litr.: of vols.
None
Carbon Disulphide .
Chloroform .02

Ayl Acetate

Yethyl Acetate

Ethyl Ether

Anisole

Benzyl Benzoate
Phenyl Mustard Cil
Pentane
Tetrahydronaphthiaicne
Phenet:le

Ethyl rhthalate

[ ) ®
[ ] L 2 ® ® [} ®

VT U1 U1 U1 o1 U1 OUTOINITOT OO
®

CQOOO0OHOOOOOOODO0O

U1 NI NIV RV OVYONOND O

i)

HEFMDE HOHMEP
[ | ] [ [ ] * 3

OGP OHOOO OO
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INFLUENCT OF A FEV DILUENTS AT HIGH=® CONCENTFATICHS ON A
rUBTER SCL.

(.323% unextracted rubber solution used.)

Substance added Concentration in nelative
'illimoles per Litre Viscosity
of Sol.

Tone Yo 75

Phernetole 11.5 L, &5

Benzylethyl Ether 7.5 4,77

Isoanmylether 6.9 4. 69

Anisole 11.7 4,56

Zthyl lustard 0il 11.1 4. S0

411yl lustard 0il 17.9 5.11

None of tiese substances were subjected to
purification and uoscsibly the results in Table II, part-
icularly, are influenced by the presence of impurities.
In later experi.crts the anisole after being shaken with

FUL VR

water and redistilled had practically no effect on %he

vigscosity of the scli.

The data civen above ig probably sufficient *o
:1lustrate tie fact that substances fallirg in the class
called diluents do not influence the vigcosity when intre-
duced into the sol in small amounts.

Precipitants. The number of liquids capable of precipitati:

rubber from its solutions is very limited. Ethyl alcohol

ig one of the best known of sucik liquids. The curve fcr
alcohol in Fi_. I shows thet when added in very small pro-
portions, alcohol has only a small depressin: effect on the

viscocity. Thae curve was constructed from data given in

Table III.
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TAELZ TIIZ

IFLUZTCT 07 ALCOHOL ON TEn VISCOZITY O 4 TT'BRIR SOL.
Concentration in Telative
siilimoles ver Litre Vigecosity
Blank 4,85
.11 u.g
.22 408
086 L"o 8)4.

1.5 )4'0 SL"
2.2 4.83

Turn a precigitant saon as alecohicl iz added in
larger quantities, for examrle 30 millimoles per litre,

-

the immediate reduction of viscosity is appreciatie, but

on gllowirzy tie sol to stand for several 1 urg, the viscosity
gradually rises and reaches finally a consiant value not a
great deal below that of the orizinal sol. The initial

fall is prescmaily due to local desolvation produczed at the
point of entry of the alcohol; and on sten’ing the portion of
the dics_.erse phase which hes thus fallien in _ts degree of

solvation, swells again znd consequently the viscosity rises.

)

In Tatvlie IV, below, this phenomena is represented numerically.

Tazlls IV

Times In Toure Relative Viscosity
0 L4, 2hC

0.5 4.560

2.0 L.550

L.5 L, 528
12.0 4.6

24.0 4. 710

29.5 L. 710

meactants - - - Electrolytcs. The influence on tle viscosity

of rubber sols of, on the one “wr’, substances wh.ch undergo

chemical reaction with the caoutchcic and on *he other hand
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eiectrolytes, appears to be definitely distinguishable
by exauiration (a, the change of viscosity with time;
(b) the change of viecosity with increasing amount of the
added substance.

Organic acids and organic bases produce tl'eir
effect ¢nn the viscosity practically at c¢ice, as is chown
by the time curves fur piperidine and for dichloracetic
acid given in Fig. IT and III respectively. The effect on
the vigscosity of substances which react chemically with
caoutchouc is not thus immediate but instez® of coming
sharply t¢ an end, continues over a long period oi tiue,
as the progressive fzll in viscosity produced by iodine and
by bromine {sicwn in Tig. (17, demonstrates. The curvec
representing the influence of increasing wocunts of substeices
ir. the tvo clasczes, viz. reactents and electrolytes are sim-
ilarily contrasted. Tiie curves for acids, organic bases and
salts flatten out, addition of tlese substeices beyond a cor-
tain small amoun* ir-ducing at little additicnel effect. This
is stown by curves in Fig. I ar? TI. The curves for react-
ants on the other hand, do not flatter out in this way.
Thereag an electrolyte is capable of reducing the viecosity
only t- a certzin extent no matter hovw much is added, in-
creasin: amounts of ilodine and bromine pJroduce Lrogressively
increasing red:ctions in viscosity. Fig. I ena.les &a comparison

to be made of an electrolyte, piperidine and a reactant, iodine,
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The proportion of & reactant such as iodine,
which is capable ¢f recavcing the viscosity is surprizing-
ly small and would indicate *hat the effect is not ascrib-
able nerely or directly to the formation of an addition
compound, 3uch as{?; Ha i% 5. For example, as may be seen
from Fig.i, 1.7 millimoles of iodine per litre cf gol con-
taining 4.96 gms. <f rubber reduced the viscosity from 4.20
to 4.27; w:7 t-is amount of i-dine corresgcnds to only 0.1f
percen*. of the %t oreticai amount requ’red to zcnvert the
caout chouc present into<p5 =z I%}n. I scue further exper-
izents <. amour’ of icdine corresponding to only 3.24 per-
cent. of tre eamount required to saturate the caoutchouc pre-
sent reduced tre viscosity from 4.7% to 2.94. It may further
be remarked that wit: sols to which iodine or brouine have
been added it ig difficult to get concordant results in re-
peat measursmentsz. It was otsgserved for exciile that the time
5f flow of a sol initially atouat five minutes, miziht change
as much as ten seconds vhen the sol was run through te viscos-
imeter a second tize. With sol: to which electrolvites had been
added no such difficulty was encountered.

Ai.0oter reagent, »Hresumably, a reactant which brings
acout a great fall in viscosity is tetranitron:thane, cne
drop added to 10 cc. of a sol with an initisl relative vis-

cosity of 4. 7 reduced the viscosity to 1.70 . Hydriodic

acid also brings about a similar reduction.



Table V, bel:v, gives the data from which the
iodine curve in Fig. I has been const>icted.

TABL. ¥

SEOWIVG THY EFTICT CF IZTIVR QU 7777 VISCOSIIY OF A BENZZI:

- e om et \.4-
PYTRNTS YN e, o
L J.../.:Jﬁ._'i wivdd e

Concentration of Relative
Icdine in Millimoles Vigecosgity
per Litre
Blank u g00

.021 4. 70

.04z i,

.086 4, 9

.172 h,o27"

.B%L 4,280

Table:z VI, VII, VIII ar? IX reprezent data

correspondin; to th: curves in Fig. II, IZI and IV.

m T T YT

PP ST V .

THUT VARIATIOY IF VISCOSITY "IT7 TI7 AFTZ™ T7% ADDITICN OF
1h 1 YILLIVCLDS OF PIPZRIDINT -°° LTT™R® OF ~=7~" SOL.

S0 v

Time In Hours melative
Viscoglt:

.07
4,01
4,20
3. 97

n - o
=11 O C
3 [ ] ]
QOO

Ul

TABLE VII

THE VAPLATION LT VIZCZOSITY WITH TIUD ATTEA TUZ ADDITICN OF
~0 ILLT TLTE CF VILIuDTlCZTIC ACID 222 LIT2. 07 RUZ2TD SCL.

Time In Zc.urs Relztive
Viscosity
2 4, go
. 166 3,92
2.5 3.8§
Q5.5 %,éb
—. 5 . :r‘\'}
ak.o 7,20
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TABL_. 711

THE VARIATICY CF VISCOSITY WITY TIVE AFTERE THT ADDITION OF
3.9 LILLIVOLEZS CI' ICDINE Lq? LITRE O7 RU'Z-"T SOL,

Time in Hours Peletive Vizrozity
0 4.8
.5 3.60
3.7 3,52
6.5 . 30
10.5 %00
25.C 2.3
4z,0 2.727 (not plotted)

TATIT IX

THT VARIATION OF TISQOSITY WITH TINE AFPTEE TUT ADDITION OF
6.2 TLLIOLTT OF 2ROVIST PT= LITT™ OF D7RRIT ant

. oA @

T..e in Hours neiative Viscosity
. b, 77
025 3‘33
2.0 3
2 15 e
1\.».2':/ 207
2%.5 e 5

By far the most intceresting class of chemical
reagents affecting tle viscusity of rubber sols is electro-
lytes. These are best discussed under the subdivisions,
ocrganic acids, urganic bases ani salts
Acicds. The meznitudesof the reduction of viscosity, caused
by the adiition of small amounts of acetic acid and its three
chlorine derivatives form a very interesting series. A compar-
ison of the effects of acetic, monochloracetic, dichloracetic,
and trichloracetic acids is shown in Fig. V. The oxder of
the effectiveness of these acids in reducing the viscosity
of a benzene rubber scl is the same as that of tikicissoci-

ation constants (shown below) determined in water.



Digsociation Constant

in Water
Acetic Acid 1.8 x 1o“‘§z
‘onochloracetic 1.5 x lg -
Dichloracetic 5 X 137%
Trichloracetic 7. X 10"1

The results drawn graphically in Fig. V are
collected in Tablies X, XI, 17, XIII.
TABLE X

INFLUENCE OF THZ ADDITION CF ACTITIC ACITD 7 THI VIZCO0SIIY
OF A PUZSTT 30L,

—

Concentration in fillimolsz Relative

Per Litre Vicololty

Blank 4. 86

-07 L 55

°1§ ﬁ.zz

£ .19

. 60 )_l_. ""8
1. 16 1):::0 22
ﬁ:i? 42%% g not plotted

- m
CLTIT XTI
— b A

INFLUEI'CE OF THZ AZRITICIH OF MONOCHLOTACETIC ACTID O THZ
VISCOSITY CF A RUBBER SOL.

Concentraticon in iMillimoles TTlative
Per Litre Vigecosits
Blank 4. &6
.07 4. 77
.07 L. 73
.12 4,68
: L
Joy L1 50 2
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TAZLE XIT

INFLUZICEZ OF THI ADDITION CF DICHLCRACETIC ACID ON THZ
VISCOSITY OF 4 RUBBZC SOL.

Concentration in 'illiroles Relative
Per Litre Viscosity
Blank 4, ¢4

.02 I, 72

.07 k.53

.15 4,29

« 29 4,23

B3 L.23

. &5 4.19

oy ey AR K o
LASLE XITIT

INFLTZNCE OF THZ ADDITIOII OF T-ICHLORACZITIC ACID QY Ti=
VISCOSITY OF A RUBBZR SOL.
Concentration ‘n !/illimolec ~zlative
Per Litre Viscozlit:
Blank 4,86
.01 4.75
.03 h.58
0% W
.19 4. 29
. 32 4.19
.57 4,12

In view of the fact that fatty acids (heveic,
oleic and linolic) occur naturally in rubber, it is of
interest to enquire whether such acids appreciably affect
tr.e viscosity of thie rultber sols. Tre following Table
shows soue results ovtained with a numiver of fatty acids,

the rubber used being uncsxtracted.
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TABLE XIV

IDFLUEYCZ OF SCME FATIY ACIDS ¢ TM® VIINTSITY OF BENZENE
SOLS OF UNEXTRACTED RUEB2ER,

Caprylic Acid Stearic Acid
Concentration in Relative concentration in Relstive
¥illimoles per Viscosity Millinoles per Viscosity
Litre of = :bhrer Litre of Rubber
Scl. . 2-1..

10.4 4,14 .71 4.63
2.91 4.5

Heveic aAcid Cl-ic Acid
Concentration in Relative Concentration in FEeslative
Grams per Vicoozity Yillimolss per Viscosity
100 cc. of Rubber Litre of Rubber
Sol. Sol.,

0 6.24 0 6.325

P 5.93 12,8 6.07

7 5.83 20.1 5.8%

20 5. 72
50 5.67

Tie total amount of fatty acid naturally present
in rubber is of the order of 1.7 wil . imoles ver litre of
sols such as those used. The above data make it clear that
additions t2 the naturally present acid reduce the viscosity.
It has been i equently proposed to use measuremevts of the
viscogity of benzene sols o different samples of raw rubter
as a means of estimating the vulcanization quality of the
samples. The influence of the natural acid content of rubber
(#hich varies in different samples) on the viscosity has, how-
ever been overlooked. It would appear tren that such deter-

minations are not reliable for the evaluation of rubber.
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BASES

It was found that not only organic acids but
also organic Lases reduce the viscosity of benzene ruiber
sols. As in the case of strong organic acids, the effective
amounts of strong bases are extremely small;an increase
beyond a certain point of the @i .nt of reagent added has
little ac’itional effect. An examination of the curves
for piperidine and diethylamine in Fig. I and VI, and also
the data in Tables XV and XVI below, shcew that only a
fraction of a milliunole of the base per litre of ruhber sol
is necessary to bring ar:ut substantially the maximal re-
duction in viscosity. For exampl: in the case 0 piperidine,
Fig. I, using a sol with a.o initial viscosity of 5,00, a
concentration of the basz of the orler of .07 millimoles
ver litre of -1 was sufficient to reduce the viscosity
from 4.26 to 4.36 . Increasing the concentration of piper-
idine from .07 to 1.5 wmillimoles mer litre, causes only a
small additional lowerin. .f .1J units. The curve for di-
ethylanins, Il.. VI);;ovides a similar ersriple. The adi-
ition of .5 millimoles per litre of rubber sol reduces the
vigcosity from 6.25 tc 5.00 wiile an incirease of 3 milli-

moles per litre has the slizht additional effect of 0.1

units.



TABLZ XV

IUFLUZNCE OF PIPERIDIYE ON THEZ VISCOSITY OF A RUERTE SOL.

e ed W

Concentration in liilimoles Relative
per Litre Viscosity
Blank . 00
.02k .52
.42 4,328
.CZ9 4. 36
e 15 h.34
g, b.31
.79 I, 24
1.7% 4,20 (no*: plo*tted)

I77LUTONT OF DIETEVLAVIOT QN THZ VISCOSITY CF A DU 70 80

- - R A

Tnextracted rubber)

Soncentrati-n in 'illimoles . Relotive
-er Litre Tiscosity
Blank 6.25
nQo - =%
* [ /'/’l
U451 5.04
1.0Z2 T 00
2,70 .22

T-e following table sh:ows the vfliect of a number
of bases whose ctrensths are known from thelr dissoci-
ation constants determined in aqueous c:zlution. It is
gseen that the amounts adied vary considerably, but are all
comparatively large, that is to say: amounts falling, at
least, on *+e flat portion of the curves connecting vis=-

cogity and concentration of tae vases.



TABLE ZVI

INFLUCTCE CF BASES 0 T7F% VISCOSITY OF A 22UZINT SOL OF
UN_LTRACTIZD RUBULQ

Base Dissociation Concentration of Reiative
Constant Base in 7i-1i- Vigcosity

moles per Litre

o1 Sol,
Yone . 4. g6
Piperidine 1.6 x 1073/259) 1L,0 3.73
Diethylasine 1.20 x 10:55" ) =6.0 5. 8
Dipr.uylamine 1.02 x 1C Z(" 9.F S 77
Di=-iscbutylamine U4, x 1@‘42" g. 7> 3.91
Isobutylamine .1 x 107H{" 15.7 z.ga
Benzylamine 2.4 x 107 2“ 17.0 e
Dibenzylamine . g.7 4,04
Quinine 2.2 x 177w 3 2.5 b oy7
Methylanilire 7.4 x 13‘?52 1 16.0 L4, 77
Fyridine 2.4 x 177=- (125 21.0 4, g
Aniline 1.7 x 107207 20. Y, 27

ith the exception of pyridine the efferctiveness
of these bases in reducing the viscosity of rubber sols
closely follcocws tre order ir which they fall when ranged
according to their dissoclatior cons*ants in weter. That
pyridine is an exception is not surprising in view of the
fact that this compounc is exceedingly difficult to oxtain
free from ispurities. Frow what has been already observed
regarding acetic acid and its chlor-dcerivatives ¢ now
from the data in Table IVII above, it wo:1d appear thatthe
reduction of viscesity on addition of organic acids and

bases is intimately connected with their degree of dis-

goclaticrie
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SALTS

The effect of salts of both organic and inorgenic
acids presentia very interesting type of phenomena. It has
been found that in some cases the type of effect on addition
of the salts to a benzene rubber sol is analogous to that
already described in connection with acids and bases. On
the other hand, however, there were several salts examined
that showed very striking differences. A consideration of
the curves for mercuric chloride and cupric chloride, Fig.VII
reveals that on progressive increase in the concentration of
salt, the change of viscosity is similar to that observed
for acids and bases, but the curves for zinec chloride and
ferric chloride, Fig. VII, aluminium oleate and thorium
oleate, Fig. VITI, show that at exceedingly minute concen-
trations of salt, there is an initial rise, followed by &
sudden depression in viscosity. The portion of the curves
following the maximum poirt is substantially the same as the
curves in which no initial rise was observed. A further
examination of Fig. VII and VIII shows that there is no
obvious relationship between the valence of the ions pre-
sent, either cation or anion, and their eifectiveness in
reducing the viscosity of the rubter sol. Also it may be
observed that the degree of ionization of the salt and the
magnitude of the reduction of viscosity do not vary pro-

gressively as was the case with the acide and bases.
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The data from which the curves in Fig.VII and
VIII are constructed, are given below in Tables.

TABLEXVIII

INFLUENCE OF MERCURIC CHLORIDE ON THE VISCOSITY OF A RUBBER
SOL. :

Concentration in lillimoles Relative
per Litre Viscosity
Blank L, g5
.013 L.42
.052 L.80
® 10& L". 7
» 390 &.7
1.50 - .60
3.16 4.52 (not plotted)
TABLE XIX

INFLUENCE OF CUPRIC CHLORIDE ON THE VISCOSITY OF A RUBBER
SOL.

Concentration in Millimoles Relative

per Litre Viscosity
Blank 4,78
.0110 .52
.029 4,0y
.066 4,16
. 126 u.25
.17 3. 83
.h52 3. 82
. 955 3.82

TABLE XX

INFLUENCE OF ZINC CHLORIDE CN THE VISCOSITY OF A RUEBER SCL.

Concentration in Millimoles Relative
per Litre Viscosity
Blank 4,20
.010 L. g5
.038 4.86
.080 ﬁ.;
.0 ' .
.233 y.u
.uoﬁ 4,2

1.250 4.08



- 38 -

TABLE XXI

égiLUENCE OF FERRIC CHLORIDE ON THE VISCOSITY OF A RUBBER

Concentration in Millimoles Relative
per Litre | Vigcosity
Blank 4,74
.009 4, g5
.0l42 4,55
.081 3.32
.179 3.1
. 450 3.03
. 380 3,00

TABLE XXII

INFLUENCE OF ALUMINIUM OLEATE ON THE VISCOSITY OF A RUBBER
SOL.

Concentration in lMillimoles Relative

per Litre Viscosity
Blank 5.00
.003 5.35
.006 5.39
.016 3.12
.032 .90
.063 h,71
.121 k.85
.222 4,47
. 667 4,4 (not plotted)

TABLE XXIII

INFLUENCE OF THORIUM OLEATE ON THE VISCOSITY OF A RUBBER
SOL.

Concentration in Millimoles Relative

per Litre Viscosity
Blank 5.00
.005 5. 26
.012 17
.027 g.sé
. 058 o (3
o1l h.gl
.20 L.55
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Potaséium Hydroxide. That the addition of ammonia to
benzene rubber sols, increases the viscosity has been
shown by Eggink (20). The present author has examined
the effect of small quantities of potassium hydroxide

and h&8 found that a very considerable initial rise takes
place, followed by a sudden decrease, extending well be-
low the original viscosity of the sol. This behaviour is
very markedly different from the effect of organic bases,
but is somewhat analogous to the behaviour of the salts
already alluded to in Fig. VII and VIII. The analogy, how-
ever, must not be carried too far as the initial rise in
the case of the potassium hydroxide as shown in Fig. IX,
extends over a greater range of concentration and also
rises to a much higher maximum than wae _bserved in the
curves for salts. The data for the potassium hydroxide
curve: are collected in Table XXIV below.

TABLE XXIV

EFFECT OF POTASSIU.! HYDROXIDE ON THE VISCOSITY OF A RUBBER
SOLo ’

Concentration in Millimoles Relative
per Litre Viscosity
Blank 4, g3
.089 5.00
.179 He 32
. 321 5.37
.538 o4l
. 805 5.56
1.077 5.58
1.605 5.67
1.820 E.OO
2.156 -39
2. 680 4,22
3,210 4,320
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SECTION 1II

(Curves fcr Section ITI given on pages 72 O 76.)
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The rubrter uscld in the experiment: descrivcd
in Section I var srectically ivee irom resin aci®s but
still contairned appreciable gru.tities of nitrogenous
material. In ordsr to eliminate the possibility trat
the effect ¢f chemical reagents on the viscosity of
Tubber sols may be due, indirectly to the presence of
some impurity, it wes thought advisable to repeat a few
of the experiments on a sample of rubber that consisted
entirely of the cacvutchoue hydrscarbor.

Up to the present, there is on recizrl no sult-
atcie zethod for obtaining raw rubter free from nitrogen-
oug irvarities. It is true that fairiy satisfactory swva-
Ples “ave “een pr-iered by repeatedly precipitating and
redissoiving the rubber, Sucl a pr..sdure, howev.r, is not
free Ir7om oj2ctiou. aiter a few precipitiations the rubter

be:-.wes increasirn_ iy insoluble, due, apparently, to oxi-

\T;

dation. For the sake of zcicarison with the work alrszdy
Gescribed it would appear necessary to elimizate entirely
any facicr in the preparation of the pure rubber which
would in any way alter the colloiiali state ¢f the system.
CUzviously, then, any process invoiving oxidation is not
to be counsider:zi.

In order to appreciate the method finally

adouted, it is first necessary to be acquainted wiyth

the natire of the impurities and the mechanism by which



they became associated with the caoutchouc.

It is rather a striking fact that natural
rubber should make its first appearance in a condition
which is typically colloidal. The rubter used in the
present invesfigation was oovtained from the milx or
latex of hevea brasiliensis, a white Zluid very similar
to cows' milk or cream. Under the ultra micrcscope such
latex is seen to consist of particles suspended in an aque-
ous serum and engaged in active Brownian movement. This
aqueous serum or dispersion medium, although not directly
connected with the present work is of utmost importance at
this point. The seruam of hevea brasiliensis is known to
contain, in various vrcoportions, resins, proteins, metallic
salts, etc. If these substances were confined to the dis-
persion medium alone they would not be mentioned here, but
unfortunately for the rubter chzaist, the suspended cacut-
chouc particl:zs adsorbed on their sﬁrfaces, the majority of
these compounds in appreciable quantities.. Conseguisntly,
when coagulation is brought about by acetic acid (as was the
case with the samples used) the pr@iuct is o™ iously uot pure
hydrocarbon but a very intimate mixture of rubber, protein,
resin, etc., with some acetic acid. In factory practice the
wet coagulum, usually after being left in the serum overnight,
is converted into thin sheets on a series of rolls, rotating

in opposite directions. A current of water is allowed to
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flow over them continuously after which the sheets are
hung up to dry. Such a treatment is, of course, hopelessyy
inadequate to remove even a fracition of the impurities. A
typical analysis of a rubber prepared in this way gives an

idea of the percentage of foreign material.

Loss on  Agh Resin Pretein Caoutchouc
llean of Wa.shing.
eight
samples. 0.57 0.256 2.00 2.28 ok, 4L

From a consideration of what has just been said,
it is Elear, that raw rubber consists of a mass of caoutchouc
globules, each surrounded by adsorbed resin and nitrogenous
material. The resins can be very efficiently extracted by
the cold extraction method outlined in Section I, but the
removal of the protein which is insoluble in all ordinary
organic solvents, presents an entirely different problem. It
would appear, however, that if some liquid could be obtainec
which would peptize a portion of the caoutchouc withcout dis-
persing the whole mass of rubber and in any way disturbing
the protein, the problem would be immediately solved. It was
finally discovered that low boiling (20° - 35°C) petroleum
ether, if allowed to stand incontact with acid free rubber,
peptized a portion of the caoutchouc which was (accoriing to
the analysis given below) free from any detectable quantity

of foreign material.
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Preparation of Pure Caoutchouc. About 50 grams of

pale crépe was extracted at room temperature with a 1 - 1

mixture of acetone and petroleum ether, (B.Pt. 20°- 3500.)

The extractant was renewed every 24 hours or so, for a
period of eight days and was collected in bulk for subse-
quent analysis. (The theory of cold exfraction was dis-
cussed in Section I). The rubber was then thoroughly dried
in a2 vacuum dessicator until if had reached a constant
weight. 19.190 grams was cut from the dried sample and ex-
tracted for 51 hours in a soxhlet apparatus with boiling
acetone. The acetcne was evaporated to dryness and the
residue redissolved in absolute neutral ethyl alcohol. The
acid number (i.e. mgr. of K o H necessary to neutralize the
acid in 100 grams of rubber) of the alcoholic solution was
determined by titration with .,01035 N alcoholic potassium
hydroxide. The acid number of the original unextracted pale
crépe, as well as the acid number of the extractant, was de-
termined in a similar manner and at the same time. Table

XXV below records the results of the analysis.

TABLE XXV
Sample Acid Number
Unextracted pale crepe 283
Cold extracted 29
Extractant 2l9

From the Table above it is apparent that there is
a small quantity of acid left which is insoluble in the

petroleum ether—acetone mixture.
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A large quantity of the cold extracted pale crepe
Yacid ¥o.29) was allowed to stand in contect wit™ petroleum
ether (3.Pt. 20°- 350 ) for three weeks. In that time the
liquid had become quite viscous, showing that a considerable
quantity of caoutchouc had passed into solution. The viscous
liquid was carefully decant:l, filtered tl:rough cotton wool
three times and subcequently evaporated to dryness undef Te-
duced pressure at room t-irerature. A portion of this scouvle
was analysed both qualitatively and quantitatively for nitro-
zew and in each case the result was negative. An acid number
determination carried out accordinz to ti.c method outlined
cbove also guve negative results. 4 determination -f the ash
content by burninzy a sample of the rutier in & porcelai.. cruci-
ble revealed the fa:i that there was no metallic calts present.
It seen: reasonably certain froau the analysis given atiove that
rubber prepared by a petroleum ether pe.tization is an exceed-
ingly pure hydrocarbon.

About eight grams of the freshly prepared ruiler was
dissolved in a litre of absolute benzene. After couplete dis-
persion had taken place the concentration was adjusted to give
g8 solution of a viscosity of about five, corresponding to a
concentration of .328% by weight of rubber. The solution was
used to obtain the experimental results recorded below,

For the purpose of comparing the effect of chemical
agencies on the viscosity of natural rubber scil. with that of
artificial rubber sols, a small sample of the synthetic product

waeg prepared. Use was made of the well-known method of Harries(21)
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by which isoprene is polymerized by means of sodium wire,
heated in & sealed tube at 80°C for eight hours. The rub-
bery mass Zormed was dissolved in benzene, precipitated by
absolute alconcl, redissolved and precipitated tiree times,
after viich the material wss dissolved in benzene and diluted
tc give a sol of a suitable viscosity.

A secund sample of synthetic rubber was srepared by
means ¢f tlie poiymerization ol 20 cc of isoprene in a sealed
tube in contact with 1/2 cc of glacial acetic acid. In order
to bring about complete p:lymerization it was necessary to
extend the heating process over a period of twelve days at a
temperature o 100°9C. On cooclins the viscous material in the
tube solidified to a rul™-ery or plastic mass. T7e method em—
ployed for o:tuiniiy & solution of the material in benzen:z was
simiZlar to that Jdescribed for the szdium rubber. There is
every lixelihood that the rutter retains a trace of acetic
acld even after several precipitations wnd consequently the
resulting benzene sol will contain small amounts of acetic
acid in solution.

Tic isoprene was obtained from dipentene by passing
the vapours over an electrically heated platinum wire accc: -
ing to the principle of the Harries Isocrcue Lamp (22). iae
crude isoprene was frecd from amylene by allowir_ it to stand

over barium dioxide for several days. The liquid was decanted,

dried over fused calcium c<iloride, fractionally distilled,



dried cver sodi.. wire .2 finally redistilled through a

long Iractionating colunmn.

(T prevaration of slecirolyte solutions and
the procedare for the deiermination of the viscosity de-

serited in Se:*tion I was Guplicatsl in Section IT.)

T.o.ovimental Eesalts. It was feund tihat the influence of

electrolytes on the viscosity of ru-ter sols, ivee from pro-
tein was essentially the same as the effect dsscribsd in
Section I where rutler containing nitrcgenous neoterial was
emplcyed. A comparison of the Jlegrvams in Fig. V, VI, VII,
VIZI, IX, Section I wit" thoze in Fig. X, XI, XIT, .III,

XIV ressectively triuzs out the similarity very clearly. The
curves Fig. X, for dichloracetic acid and monochloracetic

acld show that the magnitude of ‘he effe:t is still propor-
tional to the streng®t: of the acids a: d2tcrmined by thelir dis—
gsociatior constant in water. Also extremely small amounts of
the strong electrolytes are effective in liowerl:r  the viscos-
ity to a minimum, beyczd which a further addition has little
increased efiect. 7Tie parallel extends to tze acticn of salts,
for example, ferric chloride, Fig. XII, aluminium sid thorium
cieates, Fig. XIII, and also to the alkalis represented by

the diagram in Fig. XIV. ThLe curves o:ow that the oleates

still cause an initial rise in viscosity, followed Dby a



sudden loWering effect. The curve for potassium hydroxide
is strikingly similar to the alkali curve already reprecsented
in Fig. IX, Section I.

The general parallel that is observed in the viscosity-
concentration curves for rubber sole with and without protein,
proves beyond a doubt that the effects observed on the addition
of chemical reagents to rubber sols are not due to the non-
caoutchouc constituents of the rubber, but are direct influ-
ences on the disperse phase of the systen.

The numericel data from vhich the curves are oh-
tained are given below in Tables.

TABLE XXVI

INFLUZIICE O S8TeEARIC ACZD ON T=: VISCOSITY OF A RUBEER SOL.

Concentration ir ¥illimcles Relative
per Litre Viscosgity
Blank 4. ol
.056 4.20
.172 h.7¢
. 376 L. 70
617 4. 70
. (09 4.70

TABLE XXVII

INFLUENCE OF OLEIC ACID Ol THE VISCOSITY OF A RUBEER SOL.

Concentratior. in llillimoles Relative
per Litre Viscosity
Blank 4,06
.132 L, 88
. 266 t.gg
.533 :

1. 060 )-;. 65
1.600 4, 65

“.B. Oleic acid occurs naturally in rubber. Table XXVII shows
the effect of very small gquantities of this acid on the
viscogity of tre solution.



TABLE XXVIII

INFLUENCE OF ! ONOCHLORACETIC ACID ON THZ VISCOSITY OF A
RUBBER SCL.

Concentration in Millimoles Relative
per Litre Viscosity
Blank 4. 96
.051 4.71
111 4.53
274 u, L5
547 4,29
1.095 4.22
TABLE XXIX

INFLUENCE CF DICHLORACZTIC ACID ON TEZ VISCOSITY OF A
RUBBER SCL.

Concentration in Millimoles Relative
per Litre Viscosity
Blank 4.o5
»OUY 4,28
073 4, 24
<147 4.20
. 366 4.1k
. 132 4.05
1.470 4.00
TABLE XXX

INFLUENCE OF POTASSIUM HYDROXITEZ ON TEE VISCOSITY OF A
RUBBER SCL.

Concentration in iiillimoles Relative
per Litre Viscosity
Blank 4,80
<134 5.11
. 212 5.24
7 23]
. 986 3.65
1. Lgo L4.25
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TABLE XXXI

IgELUEICE OF FERRIC CELORIDE ON THE VISCOSITY CF A RUBBER
SOL.

Concentration in M¥illimoles Relétive

per Litre Vigscosity
Blank 4. 95
.019 3,98
081 3,62
.179 3.51
oggl 3"37

TABLE XXXII

INFLUENCE OF PIFERIDINE ON THE VISCOSITY OF A RUBBER 3SCL.

Concentration in Millimoles Relative
per Litre Viscosgity
Blank h,06
.0K5 4.71
.092 h.58
.13 u.ﬁa
.452 L. L6
.91 4, uy
1.50 L. 28
5. 80 4.23 (not plotted)

TABLE XXXTII

INFLUZYCS QFIDIETHYLAMINE ON THE VISCOSITY OF A RUREE: 30L.

Concentration in 1'illimoles Relative
ver Litre Ciscosity
Blank 4.96
LOY1 4, 74
.068 4.63
.135 L.56
. 338 4.53
677 y, g
1.350 L, 46

A comparison of the curves in Fig.I and VI, Section
I, and Fig. I, Section II, shows that the amines have a slightly

greater effect on the rubber containing traces of the non-
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caoutchouc constituents than they have on the pure rubber.
This suggests the possibility that the effect of these amines
way be due to an undetectable quantity of resin acid in the
rubber, which with the amine forms a salt; the salt being
responsible for the lowering of the viscosity. The amount of
the aclid being less in the pure rubber sample would naturally
give rise to a smaller quantity of salt and :therefore the
effect on the viscosity would be proportionately reduced. Con-
versely, if resin acid, were added to the pure rubber sol the
influence of the amine should be proportionately increased if
the effect of the amine is actually due to salt formation. The
results in Table XXXIV below show that the capacity of p.per-
idine for reducing the viscosity of & pure rubber sol is un-
altered by the presence of added resin acids.

TABLE XXXIV

' THE EFFZCT OF PIPE-IDINE ON THE VISCOSITY OF A RUBBER SOL
IN THE PRESELICE OF RESIN ACID.

Substance Concentration in Relative
¥illimoles per Viscosity
Litre.
Blank 2 00
Piperidine .018 68
Heveic Acid .023 4,97
ireridine & Heveic (. lS-k 02) 4,68
Blank Z.OO
Piperidine . 055 .h9
Stearic .057 4.97
Stearic & Piperidine!.055+.057) 4,54

It would appear from the results in Table XXXIV

that an explanation of the action of amines on the viscosity .



of rubber sols must be sought elsewhere than in the direction
of a salt formation.
Table XXXV below shows that t»:> presence of gmall
amounts of resin acid does not alter the capacity of a

strong acid for lowering the viscosity of a pure rubber scl.

— -y
s

THZ INFLUZIICZ OF DICHLORACETIC ACID ON THE VISCOSITY OF 4
nUBPER SCL I7 THE PRESENCE CF STEARIC ACID.

Substance Concentration in Relative
Millimoles per Viscosity
Litre
Blank E.OO
Dichloracetic LOUk .66
Stearic .052L 4.97
Dichloracetic & Stezric (.O0LU-4.055) h.62

Additional evidence in favour of the opinion that
the influence of electrolytes on the viscosity of a rubber sol
is not in any way coirollcd by the non—caocutchouc constituepts
of the rubter is given by a few results obtained, using syn-
thetic hydrocarbon. Unfortunately artificial rubber does not
reach the same degree of solvation as found in the natural
samples, consequently the concentration had to be increased
to 1.87% in order to give a relative viscosity comparable to
that used in the naturzl rubber sols.

TAZLE XXXVI

INFLUENCE OF ELECTROLYTES ON Al ARTIFICIAL RUBBER SOL.
(A - Polymerized bty 3odium)

Substance Concentration in Relative
Millizcles per Viscosity
Litre
Blank ‘ b, .7;:,
Diethylamine 1.2 4,37
Piperidine 1.3 L. ol
Dichloracetic Acid — 3. 70




- 60 -

TABLE XXXVI (Cont'd.)

(B - Polymerized by Acetic Acid.

Substance Concentration in . Relative
¥illimolegs per Viscosgity
Litre
Blaenk L, 70
Piperidine 1.2 4.32
Dichloracetic Acid 1.3 4. 33

The influence of electrolytes on the viscosity
is slightly less in-the sols of rubber prepared by acetic
acid polymerization. This is due to a small preliminary
reduction cof the viscosity caused by the presence of a
trace of acetic acid carried over from the polyuerization

DPTOCESS.
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SOLS OF RUBBER IN PETROLEUM ETHER

The effect of chemical reagents on the viscosity
of rubber dispersed in various organic media is a field of
investigation that the resulfs of the present work at once
suggests. Although it is hardly within the scope of thisg
paper it was considered advisable for the purpose of compar-
ison to ascertain the effect of a few electrolytes in at
least one other dispersion medium.

For this purpose a small quantity of protein and
acid free rubber was dispersed in petroleum ether (B.Pt.%0-90°¢.)
and subsequently diluted to a concentration of .W44&% corresponding
to a viscosity of 6.19. The preparation of the electrolyte
solutions and the method used for the determination of the
viscosity have already been described in Section I.

The results in Table XXXVII below show that both
acids and bases bring about a very considerable reduction in
viscosity. The effect, while a little greater than was ob-
served in the benzene sols is nevertheless of the same order
of magnitude. The magnitude of the effect in any solvent
must depend on the degree of ionization of the electrolyte
in the solvent and the degree of solvation, of the rubber.
Apparently in petroleum ether sols the extent of the ionization

of the electrolyte and the degree of solvation are slightly

greater than in benzene sols.



TABLE XXXVII
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INFLUENCE OF CHEMICAL REAGENTS ON THE VISCOSITY OF A
PETROLEUM ETHER RUBEBER SOL.

Substance

Blank |
Ether .
Amylacetate g Diluents

Piperidine
Electro-
lytes

Dichloracetate
Acid

Concentration in
Millimoles per
Litre

Relative
Viscogity

10.0
10.0

15.0
14,07

6.19
6.10

6.12
4,07

h.09



ACTION OF LIGHT AND HEAT

Fol (23) and later Kirchhof (24) observed that
viscosity measurement on rubber solutions gave values which
decreaszd rapidly with ti&e. The explanation of this was
found by Van Heurn to lie in the influence of light on the
viscosity. If the experiments were carried out in the dark
there was no difference in successive readings. Porritt (25)
has carried out a very extensive investigation on the effect
of exposure to ultra-violet light and mastication on the
viscosity of rubber sols. He found that both ultra-violet
light and mastication brought about enormous feductions in
the viscosity of the sol.

In view of the fact that physical and chemical

agencies are somewhat analogous in their effect on the vis-

-

cosity of rubber sols, it was considered of iﬁterest to in-
vestigate the subject further and ascertain whether or not a
relation existed between the  mechanisms by which these
agé%lies bring about the same result.

A;concentrated benzene rubber sol was refiuxed fo&
108 hours in ar atmosphere of carbon dioxide. In that time
the sol was reduced from a very heavy gel to a mobile liquid.
The viscosity was reduced to such an extent that it was

necessary to remove some of the benzene by evaporation in

order to obtain a solution of the required viscosity, the

viscosity of the sol then being 5.2% .
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It was found (a: the results below show) that
the addition of ele:*rolytes to this sol produce little

or no effect on th: viscosity.

oo '7! o 2

-L[i..J-LJA.. ANV .L.L
Sutztance 1il1liaciles per Litre Relative
f Electrolyte Viscosity
Blank 9"
Dichlcracetic acid NS
Piseridine 1.5 3 86

For compari.oixy an abstract frca Table XV, Sebtlon I,
l 5& mililimoles ¢f _.iperidine reduce the v1scos*ty
of a benzene rubber sol from 5.20 to 4.20
A solution of pale crepe in tcizene exnosed to
sunlight for 5 weeks showed a behaviour similar to that of
the bcilaa sample. No <harg: of viscosity on addition of
electrolytes could be detected. O exposing & b:si.zene rubber
sol in a quartz tube to an ultra—-violet radiation for G
minutes the time of flow was reduced from 5 minutes to 2
minutes, 22 seconds. Again, electrolytes were found to be
incapable of bringing about a further reduction of viszosity.
Although these rcesults do not reveal the mechuiism
by which a reduction in the viscosity o a rubber sol is
brought about, they do suggest that the process is a physical
and not a chemical one, and also that the means by which the
viscosity is altered by physical and chemical agencies are

intimately associated. (4 detailed discussion of this point

is g.ven in a later portion of this paper. )



UL.RA-NICROSCOPIC OBSERVATIONS.

Ultra-microscopic observations on lyophilic
sols are always exceedingly difficult,i&f not altogetler
impossible. Each: particle is associated with many timés
its own volume of t»e solvent, consequently the refractive
index of the swollen gel is very little cifferent from that
of the pure solvent. tr:r s80ls do ncet constitute a2n ex—
ception to this rule: in fact, they form an exceptionally
difficult class wivh which to deal from a ultra-microscopical
point ¢f view. FubbLer has a refractive index of 1.520 and the
refractive indices of oriinary rubber solvents range from
1. 400 to 1.650, allowing very little margin for the scatter-
ing of the light. When a beam is passed through the sol the
light is not diffused by t»: particles unless there is con-
siderable difference between the refractive indices of the
disperse phase and the dispersion medium. This is evident
from Lord Rayleigh's (26) formula for the intensity of the
light diffused from a particlie whic® is small in all dimen-
sions in comparison with & wave length of light.

2 2
I _[ uf 1

b
TTLC
i

Where I — intensity of diffused light.
Uy and U are the indices of refraction of the particle

and the medium respectively.

Several solvents of relatively high index of re-
fraction were examired and it was found that amylacetate

gave a rubber sol which, after standiaz for a week, was
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distinetly resolvable under the ultra-microscope. The
particles were seen to have a very slow trembling nction,
like the surface of a jelly, in vibration. Phenyl mustard
0il sols became resolvable after standing some time, but
the disperse phase was wuch less distinet than in the amyl-
acétate sol.

Klein and Stamberger (27) have recen:ly observed
that an overmiiled sample of rubber gave sols in benzene
which when examined under the ultra—-microscope were seen
to congist of luminous little discs engaged in rapid Brownian
movement. The writer has found that a dilute benzene rubber
sol after exposure to sunlight for a few weeks, or after re—
fluxing, as described above, becomes distinctly resolvable
under i-e ultra-microsccpe. The particles, although mere
pin points of light, are quite distinect, rapidly darting about
in active Brownian movement.

From the standpoint of ti:is investigation the most
noteworthy observation was the effect of electrolytes on the
optical properties of the sol. It was found that a rubber
sol whose particles were resolvable only with very great
difficulty in the ultra-microscope, became distinctly visible
on the addition of small amounts of a strong electrolyte, the
slow trembling motion changing to a rather mobile type of
Brownian movement. The very indistinct flashes of scattered

light were transformed to more luminous sub-microscopic particles.



In general the effect of the electrolytes is parallel

to the action of light, mechanical and thermal treatment.
This observation is an excecilingly luportant factor in the
theoretical explanation of the colloidal_behaviour of rubber

towards electrolytes in solution.
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CELLULOSE NITRATE SOLS

Winile examining the effect of chemical reagents
on the viscosity of rubber sols, it was decided for the
purpose of comparison to extend the investigation into
another organophilic system, viz. cellulose nitrate sols.

Sols were prepared in two dispersion media,
(a) amylacetate, (b) nitro benzene. .A small amount ol
cellulose nitrate (Brandram Henderson 70-secqnd cotton) was
allowed to stend in contact with the dispersion media for
two days, after which it was thoroughly filtered and diluted
to give a sol of suitable viscosity. The preparation of the
electrolyte sclutions and the viscosity determinations were
carried out by the methods descritad in Section I of this paper.

The effect of several typical substances are re—-
corded in Table XXXIX. It is at once seen that the effect of
Strong acids are not quite so pronounced as that observed for
the same reagents in benzene rubber sols. On the other hand,
the influence of traces of potassium hydroxide in the cellulose
nitrate sols is a 1little more effective than the same quantity
when introduced into a rubber benzene sol. Also it will be
noticed that the potassium hydroxide initially has the effect
of increasing the viscosity of the sol followed at higher
concentrations of alkali, by a reduction in viscosity, in a
paraliel manner to that already described for the rubber ben-

zene sols. In general the nature of the effects of chemical
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reagents on the viscosity of rubber and cellulose nitrate
sols are quite comparable.

In cellulose nitrate sols, amines or organic
bases are no longer electrolytes but reactants. It was
fqund that the addition of a few cc's of diethylamine to
a small quantity of cellulose nitrate was accompanied by
the liberation of a very considerable quantity of heat
followed by the separation of a heavy oil. When the amine
was added quickly sufficient heat was evolved to ignite the
cellulose nitrate, resulting in a rather violent explosion.
This reaction was not invéstigated further, as there was
little doubt that amines are energetic reactants towards
cellulose nitrate.

Tables XL and XLI represent data“connecting
viscosity with concentration of acid. The effective amounts
are extremely small, an increase beyond a certain point of
the amount of reagent added, has little additional effect. The
magnitude of the effect is less than one would expect from
these relatively strong acids. Another noteworthy feature is
that trichloracetic and dichloracetic acids, with different
dissociation constants, have practically the same capacity
for reducing the viscosity of sols of cellulose nitrate in
nitrobznzene. On the other hand the effectiveness of the
game acids in reducing the viscosity of sols of cellulose
nitrate in amylacetate is directly propertional to the
strengths of the acids. Although the viscosity phenomena
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exhibited by rubber and by cellulose nitrate sols are
essentially analogous, it cannot be denied that the
latter possesses a much more complicated character than

the former.

TABLE XXXIX

INFLUENCE OF CHEMICAL REAGENTS ON THE VISCOSITY OF
(A) CELLULOSE NITRATE IN AMYLACETATE.

Substance Concentration in Relative
Millimoks per Viscosity
Litre
Blank 537
Trichloracetic Acid 0.61 5.00
Dichloracetic Acld 9.2 2,21
Diethylamine 0. 44 . &1
" Reactants 13.7 1.67
Piperidine 14.0 1.15
Potassium Hydroxide 0.15 He 47
Ferric Chloride 0.082 5.07
Alcohol ) Diluent 24.0 5.35
(B) OELLULOSE NITRATE IN NITROBENZENE
Bla.nk - 3012
Dichloracetic - 9.20 2.66
Ferric Chloride 0.03 3,06
Potassium Hydroxide 0.11 2.17
! ! 1.07 2,02
Diethylamine (Reactant 12.00 1.08
Blank , 2.92
Trichloracetic Acid 6.1 2.58
Hydrochloric Acid (Trace) 2. 48
Ammonia " 3.01

.Potassium Hydroxide 2.5 2.83
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TABLE XL
INFLUZYCE OF TRICHLORACETIC ACID ON THE VIQCOSILY OF
NITRCEENZENE~-CELLULOSE NITRATE SOLS.
Concentration in :.ilimcles Relative
per Litre . Viscosity
Blank 3,08
.03%2 3.07%
073 2.93
. 258 2.80
.595 2.78
1.80 2.72
9.17 2.71
TABLE XLI
INFLUZI.CZ OF DICHLORACETIC ACIT QI TUE VISCCSITY OF NITRO-
BRENZZ . E=CELLULOSS NITZATI SCLS.
Concentration in Nillimoles Relative
per Litre Viscosity
Blani 3.Q9
. 108 2. 38
«U=6 2. 79
9.6 2.71
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THEORLZIICsL DISCUSSION

For the purpose of clarity in presentig tle
theory of the phenonena observed above, the author assumes
that the samples of rubber uscd consisted entirely of the
vure caoutchouc hyd:rvcarboi.. This certainly would not te
permissible were it not for the fact that in Section II
of this paper the question of the effect of impurities
has been sitcied in detail. The results recorded in
Section II show conclusively that the non-cacatchouc con-
stifuents are ¢t responsivtle for the behaviour of rubber
sols towards chemical s :nciec.

In developing the theory of the action of chem-
ical reagents on the viscosity of rubber sols, it would ‘
appear desirable to discuss the subject under those divi-
sions intc which, by experiment, they have already been
classified, namely, electrolytes, reactants, precipitants
and diiluents. But befcre studying the theory in detail,
it ie first necessary to give some account .f the probable
mechanism oy which the rubTer was obtained in the colloidal
state; and when acccuplished, to predict, at least some of
the physical properties characteris*tic of such a system.

when placed in certain organic liquids, for in-
stance, benzene, rubter gradually imbibes the liquid and
swells. The imbibition proceeds to a certain extent and

finslly, if allcwed to stand for several days, the swollen



rubber becomes dispersed in the liguid, thet is, soluticu
~as taken place. TlLe exact nature of this preliminary
swelling followe! by dispersion is still the subiect of

a great decd of controversy, arnd up t. the present, no
adequate uncersta.ling of the p-criicna is in sight.

It would _eem, however, that if we alopt Freund-
+ich's view tha*t acscrption at a surface always lowers the
surface tensicn, « thecry of dispersion cr peptization
follows at once. An alccrbed film of liquid with a low
sorfsce tensicn on the sclvent side and a high surface
tension oun the otrer side will tend to disintegrate or

peptize the sucstance as tiie disperse phase. In ru.ter,

we have, presunubly, a mass of (Cg HQ)X agiregates held

v

§er

togcther by waturci cohesive or :llecular forces. When in
ccntact with some swelling agent, (which is simply a liguaid
vossessing a very considerable :mclecular attraction for
rubber) the a; regates no lcu~er attract one another with
tlLc same Lcrce. TIte solvent molecules are adsocrbed on,

and pe.itially surrcund each rublier particle, with the re-
cuit that the surface tension forces holdinz 17e material
tcgetcy are considerabl; reduccd. This adsorption cn eadi:

particle of rubber wmust necessarily force trem apart, bring-

ing about an increase in voluwe, that is, the rubber swells.
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Dispersion will take place only when sufficient ligquid
has been adsorbed around the particle to decrease the
surface tensicu forces existing between the rubber aggre-
gates, to a value, which is less than the value of the
osmotic or solution pressure tending to draw the particle
from a high concentration to a low concertration. If this
te the mechazlism of peptizing of rutber, the sclution will
consist of aggregates of rubber associated with a certain
amount of adsorbed liquid, discersed in the residual un-
bound solvent. Wictlier these sucllen particles are single
or groups of rubter molecules is unknown and indeterminable.
IZ dispersion has taken place in tiis way, the
Gisperse phase must 1. consequence have certain definite
physicai properties. Thr.e swelling process indicates a
large amount of adsorbed liquid giving rise to a highly
solvated particle. In dilute solutions these solvat-=d
particles are free to swim in the unbound solvent without
appreciable interference on tlic part of their nearest
neighbours, that is, the solution possesses a low vis-
cosity. If, however, the concentration is increased, a
point is reached at which th: particles are separated by
a thin film of solvent. 1In this neizhbourhood the viscos-
ity-concentration curve will suddenly rise. Actual experi-
ments, as well as viscosity-diagrams shcw thie to be true.

Kirchhof (228) employirnc Hatschek's emulsoid formule has
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shown quantitatively that as soon as the percentage of the
total volume occupied by the disperse phase becomes appre—
ciablé, the rise in viscosity per unit increase in concen-
tration is relatively great. This evidence, at least indi-
cates that a rubber sol consists of discreet solvated aggre-
gates and not a net—-work of a very complicated structure as
suggested -1 some.

Probably one of the most important physical
factors associated with & system obtaired by adsorption
followed by peptization is the electric charge on the
colloid. It was shown by Hemboltz (29) that any solid
‘medium in contact with a liquid wnedium possesses at the
surface an electric double laycr. Briggs (30) suggested
that tlis was purely an sdsorption phenomené produced by &QA
ionization of the ligquid with subtsequent preferential ad-
sorption 6f hydroxyl ions. Obviously this cannot 1nclud§
non-aqueous solvernt:z. In 1916 and 1917 Langmuir (31) and
alsc Zaerkins (32) found that many of the conditions exist-
ing at solid-liquid or liquid-liquid interfaces could be
accounted for by assuming an orientation of th: molecules
at t-e surface. Recently Strickler and Mathews (33) have
carried out a very interesting &l complete series of
experiments on the endocmctic flow of organic liquids across

a membrane. Using a filter paper membrane in an endosmotic
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apvaratus they measured the rate and direction of flow of
twenty organic liquids, (including benzene), under the
influence of a consturt potential. The fact that there
is an endosmotic flow proves the existence of a charge on
the wall. They explain the origin of the charge on the
basis of the orientation of :the sclvent molecules at tle
surface and within the pores of *): membrane, wrich as owe
by Lenzzuir (3U4) gives ige to a difference of potential be-
twecr the liquid eud the so0lild walli. The orientation and
conscequentl; the nature of the charge depends solely on
the liquid and on thrc membhwane. .

In the rubber benzene system a similar state cf
affairs is seen to exist, if we inzgliie the membrane to
be ground up ..  dispersed in the liquid as is dcne in
comparing electro—endosmosis and catophoresis. Zu:% rubber
particle is surrounded by adsorbed solvent molescules which
aze orientated. In view of the fact that benzene is essent-
ially a syﬁmetrical molecule (at least when writien on paper)
the oriertation may be rather :bscure. Harkins (35) has re-
cently pointed out that the dissymmetry of forces may causs
orientation of a molecule which possessez spatial symmetry.
.0 doutt the atcwi in benzene are symmetrically arrangec in
space, but the forces to whicl the a*oms zive rise may be

concentrated over a cerfain area as in the case c¢f a

digsymmetzical polar molecule.



(A cataghzresis tub: experiment weuli urove te 7.nd

a ucubt Tz existence or the
ly benzene is practically an
presence of relatively large

could cnl: be detectecd under

absence ¢f a charge. Unfortunate-
insulatcer, therefore, even in the
charges, a movement of the parti:le

trhe influence of exceedingly high

potenvials. lcreover, tve relatively high viscosity of even

the w2zt dilute rubber sols would matcsrially decrease the

wokility of the particles.

uvgrericents are now in prcgress

by nhicﬁ it iz hoped to be abie to ohserve the movement of the

particies under the ultra-microscope usii: copper electrodes

separated by a fraction of a cm..

In 12175 Swcl.chowski (36), frow tlheoretical con-

silcrations cderived an eguation for the vizcosity of colloids

caczed on Einstein's aud Fatschek's formulations, in vhich he

shcvs that the electric charze or the cwrticles contributes

1o the viscoslty of tre system. =according to Hatschek's

equation, Ig= Np A I+ ©) tre viscosity is directly propor-

tional to the azcregate volume ~ of the suspended particles;

8.:1luch-.ski, however, has intrcluced a teim :contalnirvg a

function .f the .marge on t e colloils.

M = ..5_6[|+
Uin

(2Y] -s6[+f()

where g - relative viscosity > sol.

H "

D —
6

tot.l vcluue.

" dispersion mediun.

-~ volume ¢f the internal ;:~i:e as a fractic-n cf the

o~ — cpecific resis*ance
a — raiius of particle
y — r,tentla.l. difference at interfece

. v ’L
o

lole

- Cispersi-n amedium.




It 1s quite clear from this equation that any
alteration in the charge will e accompanied by a variati:n
in viscosity.

In the light of this formulatisz:. the nature of

"y T e

the effect of electrolytes on the viscosity <f a Tubher

gvi Leccues understandalble. From Tables XVIZ, page _ 7,

and Fig. V, page -7, it appears thut the magnitude of the

of tle viscosity depends directly on thc relative
strengths of the acile and bases, as judged by :teir dis-
sociation constants determined ii weater. This fact at o..e
suzzests that the effect iz intimately ocnnested with dis-
sociation and therefore an ionic ghenomena. It is proposed
thexn, that th: electrolvte dissociates in the benzene. Cuac
icn, presumably the caticn, is sclectively adsorbed at the
interface, micelle-intermicellular liquil, causing a neutral-
ization of the charze at the double luyer and finally resulting
in a reduction in viscosity aczcecriing to the Sumoluchowski
equat ilon.

The type of curves cbtained by plotting viscosity
against concentrations of electrolyte also indicates a dis-
sociation vhenomena. It has already been pointed out in con-
nection with these curves that very small proportions of the

strong electrolytes are necessary to bring about the maximal

reduction of viscosity, any further increase of reagent has
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little additional effect. This means that the number of

ions increases rapidly at first but at higher concentrations

the number of ions formed per unit amount of electrolyte

added is very much less; in other words, the progressive

path of the curves is in accord with Ostwald's dilution law.

It should be mentioned at this point that the effect of the

ions in reducing the charge on the micelle is not wholly

proportional to the number of ions present, but depends

also on the selective adsorbability df,the ion in question.
Concerning this conception, a question may be

raised. What evidence is there for assuming that electrolytes

‘dissociate in a solventilike benzene, having such a low

“dielectric constant? The evidence is forthcoming from Walden's(37)

investigations on the dissociation of electrolytes in non-

aqueous solutions. Walden formulafed an equation according to

which ionization of a typical electrolyte is the same in different

solvents when the products of the dlelectric constant and the

cube root of the dilution have the same value. More reéently

a number of writers have proposed theories of electrolytic

solutions which lead to Walden's relation as a consequence.

Expressing the relation in the form of a mathematical.

b/ \?

where D = dielectric constant; V=volume. Comparing water

equation.

and benzene with each other we can write:
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where ¢y concentration of electrolyte in water

C‘b tf it i 1 benzene
: e C.
—_— = —
T In <1
dow for water Dy = 81.73 and for berzene I+ = 2.256
Therefore c 1,72
1 T oo T ke

In otmer words the dissociation of an acid in benzene at
a concentration of suy .1 millimoles per litre is equal to
that of the saus acil in water at a concentration of 4.7 moles
per litrc.

A mathematical analysis of the ionization of a

typ.cal electrolyte in benzene is civen below. Hydrochloric

acil is selected for t“is purpose as all the data ne:essary
for t>e calculation is on record. (Anal;sis according to the
method of Eggink)

A .1 7 solution of hydrcchloric acid in water is
917 dissociated. In benzene the concentration necessary for

the same degree of ionization is

c = 100 — 0.0021 millimoles per litre
T7200

If the degree of dissociation a is known for a
conceatration ¢, the degree of dissociation g, for a concen-

tration c, may be calculatel from the following expressions:



s o)
i > T oY K = Ca""
‘1-a)" T -z

For “his case we have b

c = 0.202% L o= T.:_j_

- - - a,2 3 +hi-h T~ = "

' = "l . ln =¥ l'-_,l \.l :' aler

1l - a
a .l hence: KX = ar
)

£ LG _ 1 - a3

T — 1 - — '\P

L - a Oo ‘;
~
b - / - _
ow o= C.Co2L x ‘0.1

.79
Hernce 0.077 - an

7.7 21 x (0.21% .09

T s.nce K1= a12 ve find

or 0.09 a3 = (1 - aq)x0.70% z 3.92

whence we find

a,l = Oo /
Thereiore, for a solutici of 1 illimole (f hydrochloric
ac’” in one litre of benzene tr cxtent of dissociati .n is

.72 percent.
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The calculation shows that even in benzene
with an extremely low dielectric constant there still
occurs ionization of some significance. This, therefore,
justifies the assumption that the effect of electrolytes
on the viscosity of rubber sols is due to the formation
of ions which are selectively adsorbed on the colloid
particle causing an alteration in the magnitude of the
charge thereupon.

ORGANIC ACIDS & BASES.

In considering thic phenomenon as an electro-
viscous one (so-called by Smoluchowski) several noteworthy
features present themselves. Both organic acids and bases
reduce the viscosity of the rubber sol. If it is assumed
that acids exercise their effect by virtue of hydrogen ions
to which they give rise, then it would appear to be necess-
ary to suppose that bases also act by virtue of the cations,
to which they give rise and which are adsorbed in prefer-
ence to their anions. In any case there arises the pro-
blem - what are the ions to which amines give rise 1in benzene?

Eggink (39) in explaining the rise in viscosity on
addition of ammonia to the rubber sol, agsumes the presence
of sufficient quantities of water in the benzene to give

rise to ammonium hydroxide which dissociates into ammonium
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¢l hydroxyl ions. It is nlikely that in the beuzene used
in te present work there w-ull be sufficient water to en-
cble the bases to ionize to substituted ammonium cations
and hydroxyl ions =23, even if zuch ions did arise, it
would still seem to be nececsary to'assume tat the organic
cation is adsorbed ir preference té the hyircxyl ion. It
1s, *oc, unlikely that the effects are explicctle by the
presence of ions, of the *ypes Rp 777~ — and A - derived
from salts troduced by reaction of the amine /say Rp, 'Y )

with acid (say ¥ a) naturally rresent in t*e rubber. Tur-

A}

theruore, it «. o skhown (page ©7) thot the addition of sxall
quantities of zcids fourd in natural rubber to a sol con-
taining r:0ter free from zcid, 3id no* increase the e’fect
of »niperidine wher introduced into *he sol at the same time.

na,tul‘e Qf th[ ;OnS

0

It secxzg tihien that the question of t-
to which axines .ive rise in tenzene rubber sols, is stil?
doubtful. Since there is insufficient data on record to
enacle one to ztate definitely oxnz way or .. trer tre
subject, for the present at least, must be left cpen.

INCRGANTC BASES

The ‘effect of potassium hydroxile, shcovi in
rig. IX and IV is markedly “ifferent from the effect of
organic bases. In very small znounts it produces a rise

in visccsity; as *the arzount is increased, the visrosity



suddenly falls belcow its initial value. On *he basis
of the electro viscosity equation of SmoluchowsXki, the
initial rise na; be explained =s being due to an increase

in the negative charge on the disperse

O

nhase as a conse—
quence cf the adesorption of hvdroxyl ions to which tr-

-~

alxzlil gives rise. The st en depression of the viscosity

(0]

at a certain concentraticn of the “2ge is not entirely
clea;. It is presumaily due to a desolvation process
cccuring at the surface of the highly charg~? micelle.
Alkulis‘present a similar be-cviour In several hydrophilic

s;stems. This cntl 7y ig discussed in detail in a later

portion ¢f the aiscussion.

Tr.e explanation of the behaviour of rubber sols
towerds salte of orzaric snd inorganic acids preserts no
great difficulty. The curves Fiz. VII, VIII, XII, XIII,
vaccs '3, 45, T4, 75 show, diagrammatically the effect on
trhe viscositr of coull quantitizs f salts over a range of
concentration. It is at once seen thuat there is no relation
existins between the valence of the lons and their effect-
ive..css in bringing ab>ut a reduction of viscosity. This 1is
in striet accor’.nce wit~ th~ results obtained by Strickier and
athews (40) on the influence of :lectrolytes on the rate and

dire-~tion of the endosmotic flow of organic liquids. They
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found that the addition of a salt changed the rate, and

in a few cases the direction of flow, but in a very com-
bplete series of detzrminations, using a variety of salts
tirere was no indica*ion that the relative change in flow
was proportioual to the valence of the ion. The digsolved
salt addecd to, or deduc*ed from the charze on the membrane
throuyh selective adsorption. The orler of the effect =:us
csgecific for the icn and the solvent euployed wid was not
aetermined by the velence of the ion. The effect of dis-
scived salts on the rubber .iicelle »resents an analogous
phenomena. It appears that the na.n:itude of the effect of
an ion on the chaorzed micelle depends primarily on the
arxount of the ion that is adsorbed, the valence being of
secondary l..oortance. On the other hand, if two ions of
difference valence are acCsorb:zu in exactly the same amounts,
*he magnitude of the charge on the ion becomes the determin-
ing factor. Zinc, wercuric mercury, auad cupric copper, Flg.
VII, page 45, each have a valence of two, but their capacity
for reiucin_ the charze on the micelle varies considerably,
while aluminium and thorium, Fi:. VIII, page 46, with
valences of three and four have about the same effect; the
eliznt difference being in favor of the ion of lesser valence.

It has already been poin*ted out that some of the



- 91 -

salts examined, for instance aluminium and thoriiu
oleates, Fij. 77II, pezs 46, showed a charging effect

oa the micelle wren introduced into the s~1 in extremely
minute quentities of the order of .05 millimoles per
litre of sol. 1In the case of zinc chloride "= effect

-8 very small, the initial rise in viscosity being only
.05 units, but in the case of the oleates, *the effect

is souiewhat zreater, being .79 units. In seeking an ex-
planation for these irregularities the possirility of im-
perities in the form of hydroxides is always worthy of
consideration. This is particular™y true in the case of
the oleates, as it is well-known t".* to obtain a pure
sample is almost an-inpossitility. It has been recently
shown by Kircrh-f (41) that the addi+t‘on of traces of
water appreciably raise the viscosity of a rubber sol. In
spite of the fact thet 821 cirz was ohserved in preparing
the zinc ciiloride in the anhydrcus condition, it is not
improbatle that an appreciable quantity of water was taken

up by the szlt during the oreparation of the solutions.
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TII DI SCLVATICT ZPHENOLCITUL

B P N s ] u.-

It is exceedingly diffizult to conceive how
the neutralization of the relatively small charge on s

solvated particle could possivly account for the enormous

-

el

reduction of viscosity observed in ru%ber sols. That the
charge in all »r-bability is quite swell makes the con-
ception all tha more Jifficult. It is qui*te protutle, how-
ever, that relatively great diminutions in viscosity may
be produced if scime secondary change in state were to take
place as a conseqguence oY the disappearance of the electric
charge. After a diligent search such a secondary change, in
the form of a DT-3C0LTATICI PROCESS, was discovered.

In e descrivtion of the results obtained from the
ultra-microscopric examination <f a few rutber sols, 1t was
pointed out that mastication, *hermal treatment and exposure
to actirlc lizht, not only greatly reduced the viscosity of
the sols but also enhanced the resolvability of the particles
under the ultra-microscope,  2:ch nore important, however,
was the discovery that the addition of electroiytes to the
sol had precisely the same effect.

The mechanism of the action of mastication and light
sn the viscosity of ruiter sols has teen thc subject ¢ several
sublished papers (42) and alirst invariably the authors have
gsought to explain tic phenomenum on the basis of depolyicr—

{zation. Without ultra-microscoplcal evidence such an
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explanation appears to be quite adequate, but in the

light of the oresent work an explanation must be sought
elsewhere than in the direction of depolymerization. It

is quite inconceivable that depolymerization could have
taken place with the formation of a sol that is typically
colloidal, with its particles in a mobile condition, rapid-
ly moving abou' as in an ordinary suspensoid system. De-
polymerization would, by necessity, bring about the reverse
effect; the sol would approach a molecular solution where
optical resolvability becomes impassibie.

The writer suggests that the phenomenum is essent-
ially a de-solvation process. By de—-sclvation is meant a
_process by which thes solvated particle gives up a portion
of its tcund solvent. If a de-solvation process takes
place, the azzregate volume of the disperse phase is de-
creased and the quantity of unbound solvent is increased,
both of which are factore tending to bring about a re-
duction in viscosity.

That lyopnilic sols are unresolvable under the
ultre-microscope on account of the large quantity <f solvent
associated with each -urticle, has already been mentioned.
If de-solvation occurs the liguid solvent is removed from
the particle, reducing the system to the form of a normal
suspensoﬂiwhere no difficulty is encountered in obtaining

optical resolvability.



The fact that the zdlition of chemical re-
agents reduces the viscosity and increases the resolva-
bility of rutber sols at once indicates that they to0,
exercise a de-solvating action on the micelle. In the
case of electrolytes the de-solvation is a direct conse-
quence of the neutralization of the charge. 77o. Pauli (43)
and Sogue (44) have observed that certain proteins have
thelir minimum viscosity and lowest degree of.hydration
at the isoelectric point. Forti-riore, it is well-"<icwn
thtt globulins after being denied their charge through
the removal of adsorbed electrolyte by dialysis, become
de-golvated to such an extent that the svstem becomes ex-
ceelingly unstable and the disnmerse phase precipitates
from solution. Such observations leave little doubt that
the de-golvation phenomena are intimately acsociated with, if
not urtogether dependent on the'electric charge on the
particle.

"either Pauli nor Bogue ofier an explanation for
the gl.aultaneous disappearance ¢f the charge, reduction in
viscosity and de-solvation. The writer suggests *hat an
explanation may be looked for in the dirgction of surface
tension. That the interfacial tension is reduced by the
presence of an electric charge at the interface is well-lmown.
The neutralization of the charge on a solvated particle would

lead to an increase in the interfacial tension, foll:wcd by
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& contraction of its surface. A decrease in surface area
can only take place t:-agh the liveration of a portion
of the Louxl solvent, which is obviously de-solvation.
Uniortunately, a theor y of this kin? cannot be verified
experimentally owing to the difficulties encountered in
determining the interfacial tension of the micelle-inter-

micellular liquid interfcce.
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THE ELECTRO-KINETIC EFFECT IN RUBBER SOLS AND OTHER SYSTENS.
Analogies thathave been found in the behaviour
of electfolytes towards lyophilic sols dispersed in ague-
ous and non-aqueous media are rather remarkable. In a study
of agar and starch sols, Kruyt and Bungenberg de Jong (U45)
have shown that the effect of electrolytes on the viscosity
of these sols can be explained on the basis of the Smolu-
chowski equation. They have examined the influence of a
number of typical electrolytes and have obtained curves,
strikingly similar in type to those described above for
rubber sols. The amounts which lower the viscosity to the
flat portions of the curves are extremely small, the addition
of more electrolyte having no appreciable effect. The
analogy extends to the effect of alkalis, for it was found
by Bungenberg de Jong that the addition of a trace of
hydroxyl ion to a starch sol caused a considerable rise in
%iscosity. On the other hand, however, the difference be-
tween the;two types of lyophilic sols are quite pronounced.
In the aqueous so0ls the magnitude of the diminution of the
electro—-viscous effect is controlled entirely by the valence
of the oppositely charged ion, the cation, whilé rubber sols
show that the strength or the degree of dissociation of the
electrolyte, followed by the preferential adsorption of ions
playé an important role. A strong acid -like trichloracetic
exercises a much more vigorous discharging effect th&t a

~++t+
Th

weak acid-—-like acetic, while , with a valence of



..97..

e‘H"‘r with &

four is essentially less effective than F
valence of three.

Another exceedingly important feature is that
- the effect of electrolytes on rubber sols finds a general
parallel in the effect of electrolytes on electro—endosmosis
in water. Eiissafoff (46) has found that in the latter
Phenomenonn both acids and vases act in the same direction,
viz, to cause a reduction of the charge at the interface
liquid-solid. The analogy again extends to caustic alkalis.

- As recorded above, increasing amounte of potassium hydroxide
added to a rubber sol produces, at first’a rise, and then a
sudden fall in viscosity. 1In a parallel way alkalis added
in increasging amounts at first enhance electro-endosmosis

and then reduce it. Elissafoff has not been able to submit
an adequate explanation for the effect of hydroxyl ions in
bringing about a maximum charge in the wall of the endosmotic
cell.

Ellis (47) while investigating the potential of
the double layer at an oil water interface in a dilute o0il
emulsion, found that extremely small amounts of electrolytes
were effé&tive in reducing thegpotential at the interface.
When the concentration of electrolyte had reached a certaln value

the curves connecting potential and concentration flattened out.

The influence of alkalis on the electric chaige\on an oil
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particle was also examined by Ellis, and again the effect
ié{strikingly similar to the effect of this substance on
the viscosity of rubber sols. In slightly alkaline solution:
a distinct maximum potential of the double layer was ob-
served. By increasing the concentrations of alkali beyond
the maximum in the curve, the potential was reduced to

its original value.

Powis (49) also working with dilute oil emulsions
observed that certain salts; for example, potassium chloride
and potassium ferrocyanide had the property of first increas-
ing the charge on the oil particle followed by a reduction
of the double layer potential below its original value. A
number of other salts, for example, barium and aluminium
‘chlorides did not show this maximum in their curves. It
will be remembered that a similar observation was described
above for the action of salts on the viscosity of rubber sols.
Aluminium and thorium oleates showed a distinct maximum in
their viscosity concentration ourves.f As fa:r as the present
iﬁvéétigation is concerned, the significance of these anal-
ogies lies in the fact that the effect of electrolytes (a)
on the viscosity of agar and starch sols, (b) on the electro-
endosmotic flow of water (c) on the potential of the double
layer existing at an oil water interface, has been proven
definitely to be due to an electro-kinetic phenomenan, which

is a phenomenom directly associated with the electrical charge
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at an interface. 1In view of thé fact that in rubber sols

one finds such an exceedingly close parallel to the electro-
kinetic phenomena in other systems, it is not only logical
but also scientific to assume that the effect ¢f electrolytes
on the viscosity of rubber sols is intimately associated with
the electric charge on the rubber micelle.

The evidence presented in the above theoretical
discussion is strong in favor of the theory that the influ-
ence of electrolytes on the viscosity of rubber sols is of
electrical origin. The electrolytes dissociate in the ben-
zene giving rise to ions. The rubber micelle adsorbsone of
the ions, in amounts depending on the nature of the ion and
the sign of its charge. In the case of acilis and szlts, 1t
is presumnably the cation, but in the presgence of potassium
hydroxide the hydroxyl is adscorbed in preference to the
potassium ion.

Tae effect of the adsorption of ions is to alter
the magnitude of tie charge on the rubber micelle, giving
rise to a corresponding change in viscosity according to the
equation of Smoluchowgki. Thealseration of thec electrical
environment at tkhe surface of the colloidal particle is

accompanied by a de—-solvation of the micelle.
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REACTANTS

That the proportion of iodine which 1is capatle
of reducing the viscosity is surprigingly small indicates
that only a fraction of the rubber is transformed into
the addition compound (05 Hg Io)y - In all probability
the rubber micelle is an asgregate of a large number of
molecules Cg Hg. Whet§Zr?€Eese molecules are united in the
form of polymers‘(c5 HS)n does not matter for the moment.
In any case the number of molecules on the immediate sur-
face of the micelle is small compared to the mumber in the
micelle taken as a whole. Now, if iodine, for instance, is
added in exceedingly small amounts there is a sufficient
number of iodine atoms present to react with the greater
portion of the molecules on the surface of the micelle.
The addition compound (05 Hg Ig)n is known to have very
little affinity for benzene, consequently a rubber micelle
on the addition of iodine, becomes partially surrounded
with a superficial layer of additicn compound which is iﬁ-

r

capable of adéorbing large quantities of solvent. The pro-
cess then is?gg de—-solvation of the micelle causing a lower-
ing of the viscosity of the sol. On increasing the concen-
tration of iodine the layer of compound gradually penetrates
the micelle until the disperse phase consists entirely of

caoutchouc iodide. A system in which the particles have

become de-solvated by chemical reaction is by nature bound
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.to be unstable. There is a certain amount of solvent
adhering or weakly adsorbed to that portion of mivelle
acted upon by the iodine. Agitation or mechanical treat-
ment, such as drawing the sol through a capillary tube,
would readily cause further de—-solvation or even might
disintegrate the micelle into smaller particles, both of
which would cause further reduction in viscosity. Also
de—-solvation will extend over a period of time since the
chemical reaction between iodine and caoutchouc ig not by
any means instantaneous. ‘This is brought : ~out very clearly
by the time curves, Fig. IV, page 42, showing that the vis—
cosity decreases rapidly with time. The time factor curves
for electrolytes, Fig. II and ITII, page 41, on the other
hand, represent a process which is practically instanfaneous,
the maximum effect having faken place durihg the first few
minutes. This behaviour would be anticipated from what has
already been said regarding the mechanism of the effect of
electrolytes on the colloidal state of the rubber sol. The
neutralization of a charge followed by an alterationiin sur-

face tension are esgentially instantaneous processes.
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PREGIPITANTS

A satisfactory explanation of the action of
precipitangs on the viscosity of rubber sols presents
no great difficulty. The rubber micelle is in a dynamic
equilibrium with the solvent, that is to say, the number
of sg}vent molecules being adsorbed on the micelle per
h§econdvis equal to the number per second pa;sing from the
ﬁidelle into the unbound solvent. Obviously then, the
ggumber of solvent molecules that are present on the micelle
;ét'any one moment depends on the number of solvent mole-
cules per cc in the dispersion medium. Now, if some sub-
stance is added, alcohol for instance, which has no mole-
cular attraction fof rubber, the equilibrium becomes upset.
The number of solvent molecules leaving the micelle is
greater than the number returning per gecond, so that
when equilibrium has been again established, the quantity of
éolvent in the micelle has been decreased. It is evident
thatthe addition of a trace of alcohol, see Fig. I, page 40,
would have ﬁé detectable influence on the solvation of the
micelle, but if additions are made in large quantities the

particles become almost completely de-solvated and precip-

itate from the colloidal solution:.



DILUENTS

The name of this class of substances suggests
the mechanism by which they effect the viscosity of
rubber sols. Like benzene itself, these substances have
an affinity for rubber, the magritude of this attraction
varying from diluent to diluent. The addition of & dilu-
ent to a rubber sol effects the viscosiiy only in so far

as it increases the volume of the unbound solvent.



SECTION III
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SWELLING OF RUBBER IN THE PRESENCE OF ELECTROLYTES.

While investigating the influence of acids
and organic bases Oh the swelling of rubber, several
results were obtained which appear to be contradictory
to the theories set forth in the theoretical discussion.

The data in Table XLII below show that acids
have little or no effect on swelling when present in
proportions at least as great as the proportions used
in the viscosity measurements. The results in Tables
: XLIIIand XLIV reveal that small quantities of piperidine
have only a slight effect on the swelling. They show,
however, that iq\somewhat larger amounts, organic bases
have a very striking influence on swelling.

The swellihg(measurements were made on samples
of wvulcanized rubber (prepared from a 90:10 rubber sulphur
mixturé.) Raw rubber in benzene could not be used on
account of its tendency tc break up and disperse before
appreciable swelling occurs. However, in general, the
swellihg of raw rubber is parallel to that of vulcanized
rubber. The samples of vulcanized rupber used weighed
.087 - .089; and after being immersedhin the benzene-
electrolyte solution for 2l hours, were removed, dried,

aﬁd weighed in a glass stoppered weighing bottle.
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TABLE XLII

EFFECT OF ACIDS ON THE SWELLINWG CT VULCANIZED RUBBER IN
BENZENE.

Acid Amount added in Swelling (grams of
Millimoles per Liguid imbibed per
Litre cram of rubber)

None Ze 21

Acetic Acid 15.7 3, Z

Dichloracetic 10. & 3.‘;

Benzoic Acid 8.2 3, Ug

Stearic Acid .5 2.57

TABLE XLIII

FTZCT OF BASES ON TEX SWELLING OF VULCANIZED RUBEER.

Base Amount added in Swelling (grams of
Millimoles per Liquid imbibed per
Litre gram of rubber)
Piperidine 0 3.98
0.15 .28
0032 002
0.77 .58
1.58 11
3,18 h.19
8.22 4. 19
16.5 4,52
25.9 L, 86
110 6.€0
220 7.82
lione %.50
Piperidine 25.0 5.00
Diethylamine 1€, .€1
Diprcplamine 13.0 «0OL1

The same phenomena were observed in some exper-

iments on raw rubber carried out in solutions of piperidine

in petroleum ether (B.Pt.80°- €5°¢.) This solvent is
ecpecially adapted fcr swelling experiments on account of

the considerable swelling of the rubber which takes place
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before dispersion occurs. Table XLIV shows a few results
obtained.

TABLE XLIV

EFFECT OF PIPERIDINE ON THE SWELLING OF RAW RUBBER IN
PETROLEUM ETHER.

Amount added in Swelling (grams of
Millimoles per Liquid imbibed per
Litre Gram of Rubber)
Piperidine 0 12.L
0.18 12.7
0.¢2 13,2
3,66 13.72
33 13.8

Since small amounts of organic acids and bases
have 1little or no influencé on the swelling, and sinde the
slight effect that organic bases do have is in the direction
of increasing rather than decreasing the swelling, it wouid
appear that the action of electrolytes on the viscosity of
rubber sols cannot be explained on the basis of de-solvation.
- In fact, the action of such subst?nces seems to be to sol-
vate rather than de-solvate the rubber colloid.

In this argument it is assumed that a liquid
possessing a high swelling power gives rise to a highly
sol#ated particle on subsequent dispersion. That such an
assumption is not justified is shown by the observation
referred to on page #65. It was found that amylacetate
formed a sol with rubber, which on standing for a few days

became quite resolvable under the ultra-microscope. This
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indicates a small degree of solvation on the part of the
disperse phase. But amylacetate is an exceedingly effi-
cient swelling agent, much more sc than many liquids which
de not give optical resolvable scls. Here then we have
definite proof that a liquid with a high swelling power

may give rise to particles which are only slightly solvated.
The fact that the swelling of rubber in a liquid is enhanced
by th: presence of organic bases does not indicate trat the
~particles, on subsequent dispersiocn, are lix:c ise lncreased

in their degree of solvation.
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SUMMARY AND CONCLUSION

(1) A& method for extracting the-resin acids from
rubber at room temperature has been described.

(2) A sample of caoutchouc free from resin acids
and protein has beén prepared.

(3) The influence of chemical reagents on the vis-
cosity of rubber sols is independent of the non-caoutchouc
constituents.

(4) Viscosity is not a reliable method for the eval-
uation of raw rubber samples. | | |

(5) The effect of ultra-violet light, sunlight and
 heat on the disperse phase of a rubber sol was ‘investigated.
The decrease in viscosity and the increase in optical re-
solvability was attributed to a de-solvation of the micelle.

(6) It was shown that chemical reagents which influence
thg viscosity of benzene rubber sols could be divided into
four classes (a) diluents, (b) precipitants, (c) reactants,
(d) electrolytes.

(7) The theoretical portion of thig paper includes\a
theory which satisfacforily accounts for the phenomenom of
peptization and also presents a possible mechanism by which
the particles of the disperse phase become associated with
an électric.charge.

(8) To explain the action of electrolytes on the

viscosity of rubber sols, it is proposed that one of the
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ions tc which the electrolytes give rise, is adsorbed

at the interface, micelle, intermicellular liquido The
charge on the micelle is decreased or increased depend-
ing on the nature of the ion,ari the viscogity oI the scl
is altered in a direction in agreement with the electro-
viscosity equation of Smoluchowski.

(9) The dis-harze of th: zctential at the double
layer brings about a de—-solvation of the particle.

(10) The ele:z*rc viscoues effect in sols of cellulose
nitrate was examineé. The influence‘of electrolytes on the
viscosity of cellulose nitrate sols was fourd tc be parallel
to that describel for ruvhber sols.

111, The electro—-kinetic rhenomena > a variety of
systems have been compared with electrical propcrties of

a rubber sol.



1%,

~ 111 -
i

-

thil., Trecs, 1251, 151, p. 183,
"Kapillarchemie", 1222,
"avolied Collcid Chemistry®, 12922, p.2.
Eggink, Rec. Trav. Chim. 1923, 42, 317,
(gee 4)
Eruyt end Egginit, Proce Poy. acad. Amst. 1223,26,43.
J.8oc.Chem. Ind. 1909, _.
Toll., seit. 1513, 12, 131.
:7ed. Delft. 1916, 397, {(Flantation "uibher" by ThitlLs, P.
WBijlrage tc" de Kennis van Let Vulc."Amsterlam, 1716.
reded. overruvber, Yo. ITV (1915
Gummi Ztz. 1911, -7, 2°0.
(Cee 10
(See 12)
2.1l seit. 101%, 15, ZO.
oo, TTatherlands Gov.Rubber Inst. (1917) 7.
Toll. Zeit. (1210) 7, =71, &, (1911) 3L,
Zeit fur Elect. Chem. 1921, p. 349,

{See
‘See 4)

Ann. 377, 157 (1911;
Ann. 573, 227 ‘1911)

(see ©



- 111 -

Bibliography, Cont'd.

ok, Koll. Zeit 1214, 14, p. 35,
25. 1Phys. and Cher. of Colloids" Ter. Soc. 1920, . &l.
26. Phil. fag. 1971, p. U1.

27 Koll. Zeit 192U, p. z52.
28. {see 15)
23. Wied. Ann. 1277, 7, p. 327.

30. J. ys. Cheax. 1917, 21, 198; 1517, =2, 270,

O

Z1. J. Ar.. Chem. So=., 1917, 22, 1947,
<70, " " " ] 1017, 39, 354.
23, ] " i f 1922, %, 1647.

3, ‘see 71)

2. "Colloid Symposium Yonog."1925, p. 1hr,
37, Yoll. Zeit, 1916, 1%, p. 1°°.
37 Zle-tro-chenie ni-mt wassicr Lisungein.

32, ‘Zee 37)

79. (See 4)

ol (See 73)

N1, Sherical Abetracts, lar. 1S25.

Lo. (See 25), also Fhys. Rev. 1922,Tole.l17,p.7"1,Vol.19,p."C2.
Lz, Trans. Far. Soc. 1913, 9, p. 54

o J. 4n. Chem. Soc. 1921, Uz, 176L.

L, rev. Trav. de Chim. de P.Bac. 1224, 43, p. 13,

e Zeit. Fhys. Crem. 1912, 79, Z9%5.

47.  geit. I™ys. Chem. 1912, 23, p. 597.

49. " " + 1914,15. 9, p.’1.









1

= ]

r E T A

e s e 1

s Bk it g it ‘ o] 5 it ety 5 2 o 4.

o
S BRSO

i

iR D g
S

5
ol

ot
18
(i

217

i




