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INTRODUCTION (1

Scme years: age, the study cof systems centaining particles
cf ccllcidal size became sufficiently impertant tc warrant
the reccgniticn ¢f 2 new branch c¢f chemistry. It scon became
evident that these disperse systems cculd be placed defini-
tely under cne c¢f twe classes, lyophobic and lyophylic. The
prceperties of these twe classes cof disperscids are widely
different; the mest impertant distincticn, and cne te which
mest of the cthers 4ifferences may be ascribed, lies: in the
mutual attracticn between the Aisperse phase and the disper-
sicn medium,

In a system such as a gcld hydrosol, where we have
reascn tc believe that little cor ne affinity evinces itself
between disperse phase and dispersicn medium, we have an
example cf a lycphebic scl, cr in this- case, hydrcphebic,
since water ferms the ccentinucus phase, In centradistincticn
te this, in the case cf a dispersicn ¢f gelatin in water,
where the twe phases exhibit definite attracticen fer each
cther, we have an instance c¢f a hydrcphylic scl, differing
markedly in many cf its prcperties frem these of the fermer.

Of late years, these hydrcphylic systems, previcusly
rather neglected, have sprung mere intc prcminence, the chief
reascn prcbably being their physiclecgical and industrial
impertance. Mcre recently still, that branch cf lycphylic
ccllecids which disperse in crganic sclvents have attracted
the attenticn cof chemists., Tc this grcup has been ascribed

the term "crgancphylic ccllecids®,.(2)
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Since water is a pewerful icnizing medium, investiga-
ters in hydrephylic systems have been severely hampered by
the effects ¢f electrical and icnic influences. Just hew
great a part these influences play in the stability and even
structure cf a hydrephylic system is net kncwn, It is cbvicus
therefeore, that the crgencphylic systems present a field cf
research where these cemplicating facters are present te
little er nc extent, since the sclvent is usually nen-icni-
2ing. Furthermcre the number cf sclvents available being
virtually unlimited, the number cf systems under cbservaticn
is multiplying rapidly, 2nd many cf these will dcubtless
be directly applicable industrially.

In the present werk, ne attempt has beentmade tc dwell
en any cne tepie, but, as the title indicates, varicus
studies have been undertaken in different crgancphylic
systems with a view tc shedding mere light upcn several

impertant phases ¢f the subject.
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SOLVATION

Since the attracticn of the dispersed cclleid fer the
centinucus phase censtitutes:the salient characteristic of
an crgancphylic syatem, aund since the effects cf this attrac-
ticn must necessarily affect tc a great extent every dis-
cussicn ¢f phencmena in such systems, it wculd be well te
devete scme time te a ccnsideraticen of this matter,

Because cof this attracticn, ccllcidal particles

dispersed in a ccontinucus phase, by means cf ferces nct
clearly understccd, bind a part of the sclvent in scme scrt
¢f combinaticn; the net result being that less sclvent is
present in the “free®" ccnditicn than befere. This is knewn
as "Sclvaticn®.

The stability cf a disperscid depends upcen twe facters,
the charge ¢f the particles and sclvaticn. Since crgancphylic
systems entail usually cnly ncn-icnizing sclvents, the charge
can play cnly a very small rcle., Selvaticn, then, including
beth imbibiticn cof sclvent and presence cf a prctective layer
¢f bcund sclvent arcund the particle, must be the chief
facter upen which the very existence ¢f the scl as such,
depenis,

Experiment has shewn that in the swelling cf a cclleid,
imbibiticn takes place very rapidly at first, reaching an
equilibrium mere slcwly. Since the intensity of sclvaticn
is evidently inversely prcperticnal tec the amcunt ¢f sclvent
already taken up, it may be ccncluded that varying parts cof
the sclvent are bcund with different degrees c¢f firmmness,

Prcbably the cutermcst layers cf becund sclvent are held by
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very lcese ferces indeed, and the amecunt c¢f sclvaticn will
naturally vary with many different ccnditicns,

Sélvaticon and degree of dispersicen.

The attracticn between particle and sclvent is exercised
first at the surface where the twe ccme intec ccentact. It might
be ccncluded that the greater the specific surface cf the
disperse phase the greater will be the sclvaticn, but it must
be admitted that very little direct experimental evidence
can be adduced fer this reascning., Kuhn(3) quetes experiments
cn heats of scluticn as evidence fer this., The heat cf scluticen
has been shewn tc run parallel with the amcunt cf surface.
Ariz has shown that a 10% gel swelled much faster than a 20%
cne, and Freundlich cffers the explanaticn that in the ferm-
aticn of a 10% gel from cne cf a higher ccncentraticn by
diluticn, mere micelles have been fermed which cantake up
mcre sclvent,

Selvaticen and Temperature.

McBain and Salmen(4) have carried cut experiments cn
the change cf sclvaticn with temperature, using a scdium
palmitate hydrcscl., They fcund a definite locwering in the
amcunt cof sclvaticn with rise cf temperature, but they further
conclude frem their werk that this change is very small, The

scrpticn methed cf measurement was used, Fer example:

at 90% —-e-a-—- 2.16 mcles H,0 / 1 mcle Na Palmitate,
" 80° mmmmeann 2.32 LI " "
" 40% coonnne2 2,40 % w " "
" 16% acmeaas 2,60 % " "

There is nc dcubt that the amcunt c¢f sclvation changes with
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change in temperature, Frem theceretical ccnsideraticns, it

may be explained that the cuter layers cf becund sclvent are
mere greatly affected by thermal agitaticn at higher tempe-
ratures and will free themselves frem the particle te a greater
extent with successive rises in temperature, Althcugh ccndi-
tions differ widely in each system, we may even cbserve a
definite upper 1limit tec sclvaticn, Thus particles cf an
albumen scl are sclvated at lcwer temperatures but fleccculate
at a higher temperature.

The tctal seclvaticn fer the purpese cof relative
measurements, may be divided intc twc parts., If we ccnsider
a dispersicn c¢f rubber in benzene, for example, a large
amcunt cf the sclvent is asscciated with the disperse phase,
but we have nc methed whereby the amcunt may be measured, If
new. there be added tec the system sufficient acetcne tc just
prcduce a-visible flecculaticen, the rubber has been partly
désclvated, By allcwing the precipitate tc settle and then
by drying, the secena}gﬁedesclvaticn may be carried cut, In
the latter case the difference in weight befcre and after
drying gives direct measurement cf the sclvaticn c¢f the
highly swcllen visible precipitate.

In the present instance an attempt was made tc measure
directly the change in amcunt c¢f sclvaticn with change in
temperature, assuming that at the end cf the firsé?f'eaescl-
vaticn, the disperse phase in all cases is brcught tc the same
degree cf sclvaticn, If we ccnsider a scl of cellulese acetate

in acetcne, we may &ssume that the system is ccmpcsed cf
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particles cf the disperse phase which have bcund a part cf
the sclvent, and that these particles are suspended in the
remaining free sclvent, If we add water tc this system, twe
forces cppese each cther. Beth the ccllcid and the water:s
attract the acetcne, but if the water-acetcne attracticn

is great encugh, then the particles will be sufficiently
de-sclvated te flccculate, As will be shewn in a later chapter,
this de-sclvating effect is exactly cppesite te swelling., It
is:very cften the case that liquids which dc nct swell such
cclleids as rubber cr cellulcse acetate will de-sclvate cr
precipitate them from a disperscid, orcviding, cf ccurse,
that the liquids added are miscible with the ccntinucus
phase cf these systems,

Madgen, Peel and Briscce(5) have investigated these
ferces ameng liquids tc scme extent, and have ccncluded from
their data that an added liquid will distribute itself
definitely between twc miscible liquids accerding tc the
ratic cf its attractive ferces fer these liquids,

Varicus scls were prevared fer this purpcse and 50 cc.
cf scl used in each experiment. A Pyrex tube, abcut 5cm, in
diameter and 30cm. in length, clcsed at cne end, was:set up
in a thermestat. A mechanical stirrer giving vertical meticn
was placed inside in crder te further ensure ccnstant tempera-
ture cf the ccntents cof the tube. In each experiment 50cc.
of scl were intrcduced intc the tube and allcwed tc ccme te
the required temperature. The precipitant was then added

slewly frem a burette, with censtant stirring. The additicn
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cf the precipitant was sufficiently slcw sc that the tempera-
ture cf the ccntents of the tube was nct appreciably changed.
The end-pcint was taken when the first permanent visible
precipitate appeared. Check experiments shcwed an experimental
errer cf about 1%

Experiment #1

Sel, = ecceeenea- Cellulcse acetate in acetcne,
Ceoncentration,=====-- 1%,
Precipitant, -=---===- Distilled water,
Temp. Nc. cc's HO regq'd, Vel,% Precipitant in Secl.
48°c, 25,6 33.9
38° 23.1 31.6
28°¢ 21.0 29.5
13° 16.6 24,9
1,58¢€ 13.8 21,6
Experiment #2
Sel, = ee=e~=-- Cellulcse acetate in Benzyl alcchel,
Cencentraticn, ---1%

Precipitant, -=-=-Tertiary Butyl alcchel,

Temp. Nce. cc's Alg.req'd, Vel, % Precipitant in Scl.
60° 132 72.5
50¢ 74 59.7
40° 45 47.4

30°€ 28 35.9
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Ezperimeg; fs
Sel, ----Cellu}cse acetate in Benzyl alcchel,
Concentraticon,--2%

Precipitant, =--Tertiary Butyl alcchel,

Temp. Ne., cc's XKld req'd, Vel,@Precipitant in Scl.
60¢ 108.,4 68,4
50° 68.2 57.7
40¢ 42,2 45,7
30¢ 25,4 33.7

Experiment #4
Sel, ----Cellulcse acetate in Benzyl alcchel,
Cencentration,-3%

Precipitant, -Tertiary Butyl alcchel,

Temp. Nc. cc's Alc,reg'd, Vel.% Precipitant in Sel.
60¢ 85, 2. 63.0
so¢ 56.2. 52,9
40° 54,8 41.0
30¢ 23.6 32,0

These results are shcwn graphically in Figs I and II,
where are plctted in the cne case the number of cc's cf
precipitant required against temperature and in the cther
case the percentage vclume cf precipitant present in the
system,

Nec ccmpariscn can be made, cf ccurse, between the
acetcne scl and the benzyl alcchel scls. Different precipitants
were used in each case and different attractive fcrces

naturally cbtain in each instance, But it is:a striking fact
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that in each of the fecur trials a definite relaticnship is
shown between the amcunt of precipitant required and the
temperature, Furthermecre, the amcunt of precipitant required
is:a"measure cf the amcunt of free sclvent in the scl, because
the free sclvent will naturally be attracted by the precipitant
befcere that bcund by the particles., The more solvent bound

by the colloidkparticles then, the less precipitant will be re=
quired tc desolvate the disperse  phase sufficiently so that

it will coagulate,

Following this line ¢f reasoning then, it is not un-
reasonable to suggest that this method permits of measuring
the change in the amount of solvation in a dispersoid with
change in conditions, relative of course to some standard,

It may be deduced then from the figure, that the amount cf
selvaticn decreases regularly as scme functicen of the
temperature. Furthermere in the case cf the curves I, II and
III, that the slcpe decreases frem I te III with increasing
ccncentration of disperse phase, The difference in the
amcunts cof sclvaticn at higher temperatures is quite appre-
ciable, whereas at lewer temperatures this difference is
much smaller. In cther woerds, ccncentratien has a much
greater effect cn the amount ¢f solvaticn at higher tempera-
tures than it has at lower ones, This is probably accounted
for by the effect on the degree of dispersion of different
concentrations at different temperatures,

Since the temperature of gelation cf the 2% sol,.is
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s8lightly lcwer than that cof the 3%, andisimilarly that cf the
1% is lcwer than that cf the 2% scl, we have the interesting
fact, there is very little difference between the amcunts cf
sclvaticen of these scls at the temperature cf gelaticn,

Selvaticn and Time,

Time has a very decided effect cn sclvaticn., It exerts
at first, however, diametrically cppesed effects:in different
cases, Fer example, it has cften been ncticed that the
viscesity of a rubber scl in benzene falls cff with time to
an equilibrium value. Oppcsed tc this, we have the case cof the
gelaticn cf a gelatin scl on standing, It seems prcbable
hewever that cver lcong pericds cof time the amcunt of sclvatien
dces fecrease in every case, 2s evidenced by syneresis in the
case ¢f a gelatin gel,

Measurement of Sclwvaticn.

A tentative relative methcd has already been advanced
fer change in sclvaticn with temperature (vide supra). The
maximum swelling cof a ccllecidihas alsc been used., The substance
is:allecwed tc swell, ani either the weight cr vclume increase
measured. It is cbvicus hewever, that this cannct be a measure
cf the amcunt cf sclvaticn fer the latter gces further, every
meclacule ¢f liquid influenced by the micelle must be lccked
upcn as being ccmbined, The viscesity ¢f a scluticen has alse
been used as a measure c¢f the amcunt ¢f sclvaticn, But it
must be berne in mind, that if any scrt cof structure in a

scl is admissible, then the viscesity beccmes net simply a
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measure cf the inner fricticn c¢f the system, but is changed
greatly by the defermability eof this structure, It wculd

seem then, that beth the viscesity and maximum swelling methcds
used are cpen tc grave cbjecticns. The precipitaticn methed
menticnged may prcve useful fer varicus relative measurements
upcn mere extended trial,

Thecry cof Sclvaticn.

Beyend the fact that a part of the centinucus phase is
held bcund by the ccllecid particles, very little is kncwn
cencerning theferces ceoming inte play., Van Bemmeln(6)
classifies the fcrces as fecllews:

l.,- Adscrpticn ferces. In this case the sclvent is
held by the surface valencies c¢f the cclleid micelle. These
forces are very great, instances being cbserved(7) where as
much as:8% H,0 remained ccmbined at 200° In a sense, this is
nct true sclvaticn, since a ncen-sclvated particle weculd alse
exercise ferces cof adserpticn,

2,- Abscrpticn, By this means the major part cof the
sclvent is held, Within the micelle, there are prcbably
present spaces ¢f ccllecid dimensicns and here the sclvent
is held enmeshed,

Von Weimarn(8) speaks alsc ¢f chemically beound sclveat

but nething definite is knewn regarding this.

3e.=Capillary ferces., Wherever spaces cf capillary
dimensicns are present, these come intec play in helding

the sclvent,
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VISCOSITY IN ORGANOPHYLIC SOILS.

Whether we regard a gel as a liquid-liquid system(9)
er a sclid-liquid system(10), whether it pcssesses cne Cr
twe phases, that & firm structure cbtains, is undeniable.
Yet we find a very fluid scl cf lew cencentratién setting te
a gel at a relatively high temperature (lcc.cit.). Scme
change has cccured in this transfermation from scl tec gel
and this change can take place in cne ¢f twc ways cr a
coembination of bethe Either the change is gradual tcwards
a firm structure cr an abrupt transfermaticn cccurs at the
maximum temperature required fer gelaticn.

The effect cbvicusly must be whelly ascribed tc the
lewering of temperature since this has been the cnly change
made, This effect seems tc be twe-fold te the writer, It
will certainly cause an increased sclvaticn, and hence an
increased viscesity, and if any lcese structure cbtains
in the scl, this structure will be rendered firmer by
lcwering cf temperature, since thermal agitaticn will nct
be sc effective in destrcying it. When a temperature has
been reached, such that, cwing tc increased sclvatien and
mere definite structure, the latter is sufficiently firm
tc retain a definite ferm, then the change from scl tec gel
will have cccured.

Mardles(11) has determined the viscecsity-temperature
relaticnship in scls cof cellulese acetate in benzyl alcchel
using different ccneentraticns. In the present investigaticn

this has been extended tc several cther scls,
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Sels cof cellulese acetate were made up in the fellewing
Sclvents: Benzyl alcchel, phenyl ethyl alecchel, ethyl benze-
ate, acetcne and cyclchexancne, cf different ccncentraticus.
They were allcwed tc stand at a temperature of 356-40¢ fer
abcut cne menth, when dispersicn was ccmplete,

The visccsities were measured in an crdinary capillary
viseccmeter of the Ostwald type immersed in a thermcstat. The
scls were kept abcve their gelaticn peint thrcughecut. The
term relative viscesity here is the ratic of the viscesity

cf the disperscid tc that of the sclvent,

Experiment #1

Sel, e-=ca-=-- Cellulcse acetate in Phenylethyl alcchel,
Cencentraticn,-2%

Temp. T.0.,¥%, Sel'n T.0.F, Sclvent R.V,

33°¢ 2880 810 3. 55

39 2287 6 50 3. 583

45 1835 528 3.48

50 1513 455 3.33

54 1336 410 . 26

64 986 317.4 3.11

Experiment #2

S¢l, ~==-v-=- Cellulcse acetate in Phenylethyl alcchel,

Cencentraticn,--1%

Temp. T.0.F. Scl'n 7.0.F, Sclveunt R.V,
45¢ 1112 528 2.11
50 931 455 2.05
54 824 410 2.01

64 630 317.4 1.97



Experiment #3
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S01, «==w=-- Cellulcse acetate in Benzyl alecchel,

Cencentraticn,2%
Temp, T,0.F Scl'n T.0.F.Sclvent R. V.
27¢ 3730 520 7.18
30.5 3283 483 6.82
33 2887 446 6.47
38 2368 §?§ 6.00
50 1495 é;{ 5.13
54 1326 265 5.00
64 996 216 4,61

Experiment #4

Scl, =~<=-- Cellulcse acetate in Benzyl alcchel,

Cencentraticn, 1%

Temp. T.0.F, Sel'n I.0.F. Sclvent
23, 5° 1690 590
30,5 1338 483
38 1044 395
50 719 291
54 643 265
64 498 216
Experiment #5
Sel, =====- Cellulese acetate in Acetcne,

Coencentraticn, 1%

Temp. T.0.F, Scl'n T.0.F. Sclvent
g¢ 200,.4 5.0

25 148,0 47,3

33."7 128,6 43.0

R.V,

3.85
3.13
3.00
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Experiment #6

Sel, —-w=-- Cellulose acetate in Acetcne,

Concentraticn, 2%,

Temp. I.0.F, Scl'n T.0.F. Sclvent R.V,

9° 77 5. 6 52,0 14,90
25 513, 5 47.3 10,86
33.7 419.3 43.0 9.76

Experiment #7
Sel, -===-- Cellulcese acetate in Cyclchexancne

Concentraticn, 1%

Temp. T.0.F, Scl'n T.0.F, Sclvent R.V,

9¢ 1406.7 331.4 4.42

25 813.4 238.6 3.83

33.7 642. 8 206.4 3.11
Experiment #8

S¢l, ------ Cellulcse acetate in Cyclchexancne,

Cencentraticn, 24

Temp. T7.0.F. Scl'n T.0.F. Sclvent R, V.
gc¢ 4492 331.4 13,55
25 2288 238.6 9,59

33,7 1676 206,4 8.12
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If we consider the results as illustrated graphically
in Fig:381, several interesting-cecnslusicns seem tempting.

As Mardles(12) has pcinted cut, there is certainly nc abrupt
transition frcom scl tec gel, Furthermcre, since the measure-
ments were extended as clecse tc the gelaticon temperature as
pcessible, there is very little difference in the relative
viscesity of scme of the scls with change in temperature, even\
very clecse te the peint of gelaticen.

Hess(13), McBain(14) and cthers have pcinted cut that
viscesity measurements in gel-ferming scls may be of dubicus
value as a measure ¢f internal fricticn. McBain takes the
view that the primary micelles ferm clusters cr aggregaticns
and further, that these aggregaticns link tcgether in a lccese
manner, He insists that by this reascning cnly can high
visecsities in scme scls, such as nitrc cellulese cor rubber,
be explained, Hatschek(15) discredits this entirely. He
quectes pesitive micrescepic evidence ¢of high viscesities
withcut aggregaticn and further affirms his view that high
viscesities may be amply explained merely by assuming that
the aggregates are highly swecllen in bulk, but net at all
linked tecgether,

From evidence adduced in the present instance, it
would seem that there are twe alternatives in reascning,
Certainly there is little change in the relative visccsities
cf mest of these scls at different temperatures, If Hatschek's

view be cerrect, that there is nc netwerk cof any scrt, it:
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weuld seem necessary tc assume very highly sclvated aggregates
at ligher temperatures, requiring but little change tc assume
a definite structure as in a gel, If McBain's view be taken,

a lcese structure must be presumed at higher temperatures,
which, with increased sclvaticn and decreased thermal
agitaticn, beccmes firmer with fall in temperature.

McBain views as absclutely untenable Hatsehek'srccn%—
tenticn that, in a highly visccus system, the disperse
phase must have taken in practically the whcle c¢f the disper=-
sicn medium, He quctes scrpticn experiments on nitrccellulcese,
where he finds that nitrccellulcse takes cnly its cwn weight
cf sclvent. Hatschek deprecates the value cf this evidence
and quite rightly encugh, fer scrpticn experiments can give
little idea cf the magnitude cf sclvaticn, since in the scl,
all the sclvent influenced by the micelles must be regarded
as beund,

In the present instance a methcd at least mecre direct
than scrpticn was tried. A 2% scl cf cellulcse acetate in acet-
cne was prepared and distilled water was added slewly with
vigercus stirring until a permanent, faintly visible preci-
pitate appeared. This was allcwed tc aettle cut and its
weight was taken. The swcllen mass was then dried in an air
cven at 70° and then in vacuc., The difference in weight was-

the amcunt cof sclvaticn cf the precipitate which had been

fermed,
Exveriment ﬁl,
Scl, =====- Cellulcse acetate in acetcne,

Cencentraticn, 2%

Precipitant,-- Water,
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Sclvaticn cof precipitate, -- apprex. 700%
A check cn this gave an identical result within experi-
mental errcr,
Experiment #2 (16)
Scl, -=---- Rubber in Benzene,
Concentraticn, 1%
Precipitant, -- Acetcne,
Sclvaticn of precipitate, -- apprex. 1000%

A check cn this gave practically the same results,

It is d4ifficult, ¢f ccurse, tc cenjecture just hew much
bearing this has cn the true sclvaticn of the scl. At the time
¢f appearance cf a precipitate, the particles must have been
already desclvated tc a large extent, sc that the amcunt cof
actual sclvaticn is prcbably very much higher than the figures
qucted abcve., At any rate, the latter may certainly be ccn-
sidered as being values far tcc lcw fer the actual amcunt cf
sclvaticen,

The writer finds it difficult tc understand}@gé twe
views:cf"McBain and Hatschek are ccnsidered tc cppese each
cther absclutely definitely. McBain assumes a structure cf

remifying aggregates. But Hatschek(17) himself admits that

his: well knewn feormula:

h'=1n

(
Vel. disp. phase
=-3q Q= "Total volume

expresses a structure, necessarily, Beth admit a structure,
then; the cnly difference being that McBain ascribes this

structure tc ramifying agegregates, and Hatschek's feormula
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entails the idea cf beund sclvent - pessibly net true sclvatien
but great swecllen micelles with practically all cf the sclvent
held beund, in the case cf very visccus: scls,

It avpears tc the present writer, first cf all, that
prcbably ne twe scls are alike in structure, With change in
temperature, the change in relative viscecsity in scme instances
is very slight, in cthers very marked. In experiment #1 (vide
supra), the change in relative visccsity is very small cver
a range of 31, On the basis cf Hatschek's idea, this wculd
have tc be acccunted for by a very small change in sclveticn,
But this=is nct at all compatible with data cn the change c¢f
sclvaticon with temperature. It weculd Seem that scme structure
cbtains here, constituting the chief facter causing viscesity
in the scl, On the cther hand, in experiment #8, change in
temperature causes a very marked djifference in relative
viscesity. Here, change in the amcunt cf sclvaticen with
temperature can scccunt fer the change in viscesity.

There is cf ccurse nc dcubt that sclvaticn is a facter
tc be reckoned with in all cases in dealing with viscesity,
RBut frem the evidence adduced, it seems very decubtful as tco
whether it is the cnly factcer. A lccse structure cf scme scrt
tocgether with sclvaticen weuld certainly acccunt feor scme
cbservaticns much better than sclvaticn alene. The scluticn
might very prcbably lie in a comprcemise between the twe., In
that case, beth facters wculd play a part in the viscesity
cf every scl. Owing tc inherent prcperties cf esach scl,
hcewever, and the special ferces chtaining between dispersicn

medium and disperse phase in each case, the relative strengths
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cf these twe facters weuld be different in each instance., A
predeminance cf cne cr cther cf these ferces weculd result in
such prcperties cf a particular scl as ease cf gelaticn,
variability cf viscesity with temperature, etcs.

It is interesting tc ncte that a scl of cellulcse acetate
in phenylethyl alcchel of 2% cconcentraticn gelled when allewed
tc stand at a temperature cf 35°, Successive gelaticn and
sclaticen was fecund tc have cnly a very small effect cn the
viscesity of these scls, the figures varying te a small extent

about a mean value.
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VISCOSITIES OF’SOME RUBBER_SOLS.

Kirchhef(18) has determined the viscesities cof scls: cof
rubber in several sclvents and‘has calculated the vclume cf
the disperse phase relative tc the dispersicn medium, cn the

basis cf Hatschek's equaticn,

5 Vel., cf disperse phsase

l o SR

(I):( n'-n ) Q= =FeTal veTune
n /

Pesnjak(19) determined the amcunts cf these sclvents taken up
by rubber at equilibrium, using the scrpticn methed.

Hatschek(20), cn the basis cf the abecve werk, has
generalized tc the effect that rubber swells mecre in the ,
scluticns in which it exhibits high viscecsities. From the
discussicn in the previcus secticn, it may be readily seen
that Hatschek ccnsiders this impertant evidence fer his thecry
that viscecsity in a lyephylic scl depends upen sclvaticn cor
swelling,

It was found alsc by Kncevenagel and Bregenzer(2l) in
tife case cof acetccellulese, that liquids which prcduced greater
swelling pricr tc dispersicn gave mcre visccus sclutiens than
liquids which precduced smaller swelling. Duclaux(22) cn the
cther hand ccensiders it impessible tc explain viscesity con
the basis cf sclvaticn frem his data.

Cenclusicns were drawn in each cf the abecve instances
from ccemparatively few examples. In the present werk, the
number cf scls used has been much extended, ccvering & variety

cf types cf sclvent,
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Pregarat;gn erSclss

Pale crépe of gecd quality was extracted for a week at
reem temperature with a 75-25 acetcne-petrcleum ether mixture,
The extracticn medium was renewed every 48 hcurs; Then the
crépe was cut up finely and dried in vacuc fer three days.

Whenever impurity was suspected, the sclvent was purified
by fracticnal distillatien., Scluticns were made up tc & cen-
centraticn cf 0,328 gms per 100 cc's cf sclvent. Tec cbviate
evapcration in the case c¢f the lcw beiling sclvents, tin feil
was wrapped arcund the stcppers and the latter were sealed
with paraffin, The scluticns:were kept in a dark cupbcard at
rcem temperature and shaken frequently,

At the end cf twc weeks, the sclvents:cculd be divided
intc three classes with respect tc their ability tc dissclve

rubber quickly.
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Greup I -~ All the rubber in scluticen,
Greup II -- Nearly all the rubber dissclved
Grcup III - Rubber highly swellen, but only
partly in scluticn.
Greup I Greup II Greup III

Etpyl icdide N-Butyl ether Caprylic acid

Aniscle Isc-Amyl salicylate Pentane

Piperidine 0-Tclyl mustard cil Hexane

Benzyl chleride Isc=-Safrel Heptane

Ethyl salicylate N-Butyl benzcate Octane

Benze-trichleride Chlercferm Methyl n-butyrate

Methyl icdide Carben tetrachleride Heptaldehyde

Diethyl aniline
Isc-Butyl chleride
Safrcl

Aketal

Ethylprepyl ketcne
Diprepyl amine
Methyl cyclchexane
Benzal chleride
Tetralin

Phenetcle

Dimethyl aniline
Isc-Butyl salicylate
IscAmyl benzcate
Isc-Butyl benzcate
Dichleracetic acid
Isc~Amyl acetate
Benzene

Ethyl benzcate
Phenyl mustard cil

N-Bytyl thiccyanate
N-Heptylic acid
Pelargenic acid
N-Butyl aniline

The visccsities:cf these scls were measured in an crdi-

nary Ostwald visccmeter,

immersed in a thermecstat censtant tce

0.002¢, By relative visccsity is meant the ratic of the viscce-

8ity cf the scluticn tc that cf the pure sclvent, The figures

given fer the swelling in gms cf sclvent taken up per gm cf

rubber, were taken as given by Whitby,Pasternack and Evans(23),

The figures feor swelling in cc's of sclvent taken up per gm of

rubber, were calculated cn these. The dielectric ccnstants cof

the sclvents,when cbtainable, were taken frcm Landeclt-Bfrnstein.
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25
26

27 Xylene
28 Piperidine

_Sclvent

T.0,F,
SeT'L Bel'm Rel,Vis.

Acetal 68.1

Ethyl icdide 34.9

Aniscle 112,2

Safrel 236, 8

Methyl icdide 26,7

Tetralin 237.8

Phenetcle 130.6

Diethyl anil. 230.6

Benzal chler., 160.6

Dichleracetic 466.4
acid
Dimethyl anil, 1852.1

Ethyl benzcat. 205.6

i*Aﬂyl " .

Tert.Butyl chlc 63.8
ride &o

Methylecyclchex 96,5
ane

i-Amyl acetate

372. 6

45,0

Phenyl mustard 135,2
cil

O0'Telyl " 176.4

Diprepylamine 76,6

Benzene 75.6

Ethylsalicyla- 269.4
te

i-Butyl benze- 315.1

ate
Benzetrichle- <245.6
ride

Benzyl chlcridel27.0

N-Butyl Benzec- 307.2°

ate
Tcluene 72.4
79.4

258, 5

72.8

37.7
302, 7
557, 6
46.6
483,9
387. 8
391.0
242, 8
493. 4
335.8
301.9
401.8
71.2
142,6
165,5
410,0
497.6
216,17
302. 8
512. 6
395.6
451,8
150.3
533.6
383.0
430, 4
618.4

1,068
1,080
2,698
2,355
1,745
2.035
2.969
1.695

1.512.

1,058
2.207
1,468
1,079
1,116
1.478
3.678
3.030
2,921
2,828
4,005
1,903
1,255
1,839
1,183
1,737
5,290
5. 421
2,392

(24)

Swellingﬁ
gms/gm cc's/cc

D.K:
3,45 10.13 12,3

7,42 v.great vgreat

4,35 12,72 -
3,06 9.51 --
7.1 vgreat vareat
-- 12,90 13.4
-- 9.62 10.4
- 10,11 7.7
8.22 7.9 5.1
5,07 12.55 13.1
-- 6.78 6.5
- 8.2. 843
~-- 24,00 31.2
- 8.65 10.0
-- 14,80 13.0
-- 15,7 14,3
-— 5. 561 7.5
-—- 24,22 217
8,39 6.56 5. 7
5. 39 8.04 8.04
- 13.21 13,0
-- 7,76 7,76
-- 25.6 29,8
-- 26.4 30,7
-- 12,3 14,3
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Hatschek, as menticned earlier, hass ccrrelated high
swelling with high viscesity cn the basis cf scluticns cf
rubber in benzene and in several halcgenated hydrccarbens,
If the relative visccsities of the varicus sclvents be
ccmpared with their swelling pewer in the last ceclumn, ne
sweeping generalizaticn such as that made by Hatschek is
cbservable. There appears nc general relaticn between visce=-
sity and swelling in the 28 sclvents tested.

Hewever a mere detailed analysis ¢f the figures dces
disclcse scme interesting relaticnships which appear te be
tee regular tc be a matter of chance. If we separate the
sclvents intc grcups accerding te structure, we cbserve that
the hypcthesis-higher viscesity with higher swelling-dces
seem te held fer each particular grcup. The swelling pewer
is the number cf cc's ¢f the sclvent taken up by the rubber
in swelling.

TABLE I -_ HYDROCARBONS.,

Sclvent Relative Viscesity Swelling Pcwer
Benzene 4.005 27.7
Tcluene 5.290 29.8
Xylene 5,421 30,7

TABLE II - ETHERS

Sélvent Relative Visccsity Swelling Pcower
Safrel 2.355 8.7
Ahiscle 2,698 12.7

Phenetcle 2.969 13.4



Sclvent

Benzyl chleride
Benzal chleride

Benze-trichleride
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TABLE 1] - HALOGENATED HYDROCARBONS

Relative viscesity

1,183
1,512
1,839

Swelling Power

2.6
3.1
4,0

Swelling data available feor vulcanized rubber cnly.

Sclvent

Diethyl aniline
Dimethyl aniline

Piperidine

Diprepyl amine
Sclvent
Ethyl icdide

Methyl icdide

Sclvent

Methyl cyclchexane

Tetralin

Swelling data

TABLE IV - AMINES

Relative viscesity

1.695
2,207
2,392.
2.828
TABLE V
Relative Viscesity
1,080

1,745
TABLE VI

Relative Viscesity

1.478
2,035

fer vulcanized sheet,

Swelling Pcwer

10.4
13.1
14,3

7.5

Swelling Pcwer

4.2
4,8

Swelling Power

2.6
5.0
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TABLE VII - ESTERS

Selvent Relative Viscesity Swelling Pcwer
Isc-Amyl benzcate 1,079 8¢3
Isc-Butyl benzcate 1.255 8,04
Ethyl benzcate 1,468 6.5
N-Butyl benzcate 1,737 7.76
Ethyl salicylate 1,903 6. 56
Isc-Amyl acetate 3.678 10.0

In the case ¢f the hydrccarbcens, the relative viscesi -
ties of the scluticns rise regularly with rise in swelling
pcewer cf the sclvent, from benzene thrcugh tecluene tc Xylene,
In the ethers we have the same regularity frem safrcl thrcugh
aniscle tc phenetcle., In the halcgenated arcmatic hydrccarbens
the rule helds froem benzyl chleride thrcugh benzylidene
chleride tc benze-trichleride. It is interesting tec ncte that
tcluene, the parent ccmpcund cf these three derivatives, gives
a relative viscesity much higher than the cthers,

In the amines, we cbserve the regularity from diethyl
eniline, Aimethyl aniline, tc piperidine, but diprecpyl amine
forms an excepticen. Ethyl and methyl icdide cbey the rule as
de methyl cyclchexane and tetralin,

In the case ¢f the esters, hcwever, slthcugh isc-amyl
acetate shews the highest swelling pewer and a scluticen cof
highest viscecsity, the swelling pcwers cf the cthers are
very nearly the same while the visccsities differ, It may
be contended here that in spite cf being grecuped under the
same general heading cf esters, they differ rather mere wide-

ly than the members cf the cther grcups. The swelling pcwers
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and viscesities in the case cf the twe mustard cils are almest
the same sc that they really focrm nc excepticn.

Althcugh much additicnal infermaticn is required in
this matter, it dces seem as though these relaticnships can-
nct be ascribed tc chance, and that they dc appear tc lend
suppcrt te Hatschek's cententicn of higher viscesity with
higher swelling pcwer - but cnly if the latter be amended tc
the effect that we must ccnsider each class cof substances
separately. This wculd certainly lead tc the belief that scl-
vaticn is a very impertant facter in viscesity, but net
necessarily that ramifying aggregates play nc part in the
matter.

Just why a ccmpariscn evidently can be made cnly amcng
the members cf the same grcup is nct clear. Why shculd diethyl
aniline and isc-amyl acetate, which swell rubber tc practically
the same extent, give scluticns cof such widely varying visce-
gsities - 1.695 and 3.678 respectively? 24 plausible reascn lies
in the fact that we are nct taking intc acccocunt here sclvatien
in its widest sense. It is ncssible fer example thatfhe ferces
acting upen the sclvent in the isc-amyl acetate scl are such
that meresclvent is bcund in scme manner than in the case
cf the diethyl aniline scl. This may nct be true sclvaticn,
but it must be bherne in mind that all cf the sclvent which
is influenced by the disperse phase will affect the viscesity

cf the system,
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Compariscen cf the viscesities cf rubber scls with meta-styrene

scls_in the same dispersicn media.

The viscesities of varicus meta-styrene scls have been
determined(24). It is interesting tc ccmpare the relative
viscesities cf the scls of this substance with these cf
rubber; invelving twe unsaturated hydrccarbens:in a peclymer-
ized state, ¢f the same general nature as evidenced be the
character cf the liquids which they imbibe, the very small
change cf the viscesities of their scls with change in temper-
ature(25),etc.

The scls were all cf the same ccncentraticn - 0,328 gms
per 100 cc's., The table is listed in the crder c¢f the relative
viscesities ¢f the meta-styrene scls,

Relative Viscesity

Sclvent Meta-styrene Rubber
Atetal 1,784 1,c€8
Ethyl icdide 2,320 l.c80
Diethyl aniline 2.710 1,695
Ethyl benzcate 2,817 1.468
Methyl icdide 2,912 1.745
Tcluene 3,023 5,290
Aniscle 3,231 2,698
Xylene 3, 369 5,421

Benzene 3, 518 4,005
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The relative viscesities in the case of the rubber scls
are much lcwer than these cf the meta-styrene scls in every
case except thcese where the arcmatic hydrccasrbens are used
as sclvents, in which instances these ¢f the rubber: scls
are much higher. With the excepticn c¢f the arcmatic hydre-
carbens, althcugh they alsc take pesiticns in the last part

¢f each list, there appears brcadly the same crder in each

list,
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PRECIPITATION OF ORGANOPHYLIC COLLOIDS
Whitby(26) has discussed the relaticn between the

chemical character cf the crgancphylic ccllcids and the
liquids which they imbibe., In the ccurse cf measurements
¢f the swelling cf rubber, beth raw and vulcanized, in
mere than 350 crganic liquids, very many regularities:have
been cbserved, It has been fecund that there exists a very
definite relaticnship between the swelling pcwer cof an
crganic liquid fer rubber, and it8 pelarity.

Rubber is a hydrccarben cf & nen-pclar character, and
with very few excepticus, cnly necn-pelar Tiquids will be
imbibed by it. Cellulcse acetate, cn the cther hand, an
ester cf a fatty acid cof lew meclecular weight, is s peclar
substance and will in general swell cnly in liquids cf a
peclar nature,

Very many examples cf this relaticnship might readily
be adduced. A8 typical examples may be cited the fclleowing.
Hydrccarbens in general are sclvents fcr rubber and nen-sclvents
fer the cellulese esters. Aniline, a very peclar liquid, is a
sclvent feor cellulcse esters but id ncet imbibed by rubber.
Acetyl chlcride is a sclvent fer rubber but nct fer cellulcse
acetate,.

Sclvents fer a nen-pela® substance such as rubber,
then, in general are nct imbibed by the mcre peclar cellulcse
esters and ccnversely, crganic liquids. which will disperse the
latter will nct swell rubber. As has been previcusly stated,

sclvaticn is the great stabilizing facter in an crgancphylic
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scl, hence if the micelles be de-sclvated, the system will
becceme unstable and the dispersed phase will ccagulate,

It has been fcund tc be very cften the case that a
swelling agent feor rubber has the pewer tc de-sclvate and
pPrecipitate the cellulcse esters frem sclution, and the
Teverse alsc, Fer example, such materials as acetcne, methyl
acetate, acetonitrile, ethyl cxalate, etc., are all sclvents
fer cellulese acetate and are precipitants feor rubber., On the
cther hand, 2 liquid such as hexane will precipitate the
cellulcse esters frem their scluticns, but is imbibed by rubber,

In any series c¢f compcunds ccntaining the same active gro
grcup, usually the peclarity cf the lcwer members is greater
than that cf the higher cnes. In such a series, we find that
the sclvent pcwer cof the liquid decreases as we gc up the series
At the same time, what might be termed the negative sclvent
pewer or the precipitability fer rubber decreases as we gc¢
up the series, until we reach compcunds which are actually
imbibed by rubber.

A5 will be shewn, very cften in a series cf ccmpcunds
cf.the same type, the lcwer members decrease regularly in
their precipitating pcwer fer rubber, the next few members
will net precipitate rubber ner swell it te any extent, then
higher still we enccunter increased swellability fer rubber
with increasing chain length,

The methed cof precipitaticen has been discussed in a
previcus secticn. The rubber scl used was the same in all

cases - a dispersicn cf smcked sheet in benzene cf ccncent-

raticn 1 gm per 100 cc's.
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The precipitant was added slewly with vigercus stirring
frem a burette with divisicns of 0.05 cc. The end pcint was
cbtained sharply as a first permanent turbidity, cbserved by
the aid of a high-pcwer lamp, Check experiments shcwed an
experimental errer cf 2 - 3 parts in a hundred, 5 cc's:cf
rubber scl was used each time,

TABLE I - ALCOHOLS

Precipitant Ne, cc's req'd Vel. % Prec. D.K.
Methyl alcchel 0.95 15,9 31.5
Ethyl " 1,75 25,9 20,8
N-Prcpyl * 2,20 30.5 13,8
Allyl " 2.40 32.4 --
I-Prcpyl 2.85 36,3 13.8
Benzyl " 3.35 40,1 10.6
N-Butyl " 4,85 49.2. 8.8
Amy1l " 5.30 51, 4 6.6
I-Butyl " 5, 40 51.9 8.0
I-Amyl " 6.25 55, 5 5.7
Hexyl " 8.956 64,1 --
Cyclchexyl " 12.65 71.6 -
Heptyl " Net a precipitant,

Octyl b Swelling agent.

The figures in the seccnd cclumn represent the number
cf cec'sicf precipitant added tc preduce turbidity and in the
next cclumn are given the percentages by vclume cf the preci-
pitant in the whecle system at the end-pcint. The dielectric

constants are these given in the Tabellen c¢f Landclt-

Bernstein,
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The precipitating pcwer varies inversely as the amcunt
¢f the precipitant necessary tc desclvate the disperse phase
tc the same extent, Rubber, a ncn-pclar substance, is preci-
pitated mest efficiently in this series by the mcst pelar
member, methyl alcchel. All these alcchels- contain cne
active hydrexyl grcup. As the neutralizing hydrccarben
chain is lengthened, cr tc put it in ancther ferm, as the
centre ¢f electrc-magnetic mass is shifted farther and
farther away frem the active grcup, the peclarity cof the
mclecule lessens, and ccnsequently the precipitating pewer
is lessened, This hclds true fcr the alcchels with ne excep-
tions.

The straight unbranched-chain alcchcls are regular,
Allyl alcchnel fits in between the ncrmal and isc prepyl
ccmpounds, Benzyl alcchel, the mclecule cf which cemprises
a ring structure, is intermediate in precipitating pcwer
between isc-prcpyl and butyl alcchels., Isc-butyl alcchel is
net as efficient as}%famyl cempcund, but isc-amyl alcchel
is a better precipitant than n-hexyl alcchel., Cyclchexancl
ranks the last cof the alcchecl precipitants due tc the ring
structure and heptyl alcchel will neither precipitate rubber
from its scluticn ner will it swell rubber tc any extent,
The next member, cctyl alcchel, is a weak swelling agent for
rubber,

A discussicn cn the ferces:invelved in a series cf

precipitaticns cf this scrt, has been included in the sectien

en "Seclvaticen.®
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TABLE I1I - KETONES

Precipitant Ne, cc's req'd Vel. % Precs D.K.
Dimethyl ketcne 3.95 44,1 21.5
Methylethyl * 11.55 7040 17.8
Diethyl " Swelling agent, -- 17.0
Ethylprepyl * "

Diprepyl " "

Dimethyl ketcne cor acetcne, the lcwest member cof the
series, is a gccd precipitant feor rubber. Methylethyl
ketcne is alsc a precipitant but is far less pcwerful as
such than the lcwer hemeclcgue. The next member, diethyl
ketcne, has actually the pcwer tc swell rubber, and this:
swelling pcwer increases thrcugh ethylprepyl ketcne te
diprepyl ketcne,

TABLE III - BASES

Precipitant Ne. cc's req'd Vel.% Prec,  D.K.
Ahniline 3.2. 39.0 7.3
Methyl aniline 14,75 74,7 6.0
Ethyl aniline 30 5.9
Prcpyl aniline Swelling agent
Butyl aniline "

The same rule heclds in the case cf the subztituted
anilines, The first twc are precipitating agents, ethyl
aniline iq&eally cn the berder line between a swelling
agent and precipitant and the last twc are swelling agents

fer rubber.



(36)

TABLE IV - SUBSTITUTED HYDROXY COMPOQUNDS

Prepigitant Ne., cc's req'd Vel., % Prec,
Ethylene glycel Inscluble in benzene,
Chlerhydrin 1.76 26,0
Ethylene glycel 4i- 2.12 29,7

acetate
Dichlerhydrin, aa, 2,80 36,0

Ethylene glycel itself is inscluble in benzene and
cculd net be used., As we wculd expect, the mcne-chler
compcund is mere effective as a precipitant than the di-
substituted glyccl and the latter is in turn mcre effective
than the glycercl derivative where the pclarity cf the
mclecule is lessened by symmetry. The crder cf pclarity cn

this basis would run as fcllews:

?HQCI ?HéOCOCHb ?HéCl
(1) cHyCl (2)  CHy0COCH, (3) C':HZOH
CHéCl
TABLE V - ACETATES
Precipitant Ne, cc's req'd Vecl. % Prec. D.K.
Hydrcgen acetate 2.90 36,7 6.29
Methyl acetate 4,40 46,8 7.03
Phenyl " 6.05 54,7 5.29
Ethyl " 9.15 64.7 5,85
Phenylmethyl * 14,70 74,6 -
N-Prcpyl " 20 cc's brecught faint clcudiness, 5,65
Amyl " Swelling agent 4,81

In this series the aciAd radicle is the same in all the

members and varicus grcups have been substituted feor the
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hydrcgen of the acetic-acid. Phenyl acetate assumes a pcsi-
ticn intermediate between the methyl and ethyl ccmpcunds
and phenyl methyl or benzyl acetate between the ethyl and
prepyl coempcunds, Nermal prepyl acetate is cn the berder
line as regards swelling and precipitating pewer and amyl
acetate is a decided swelling agent.

TABLE VI - ETHYL ESTERS

Precipitant Nec,cc's req'd Vel, % Prec. D.K,
Ethyl Fermate 2.00 28,6 8.27
» cxalate 2.78 &5, 7 --

" acetate 9.15 64,6 5.85
* prcpicnate 20 cc's brcught faint clcudiness,

» butyrate Swelling agent,

" valerate " "

In contrast tc the precipitants cof Table V, the members
cf this series have the same pcsitive grcup and differ in
their acid radicles, Ethyl cxalate is intermediate between
ethyl fermate and ethyl acetate. Ethyl prcpicnate is the
berder line cempcund in this series, which ranges frcom an
excellent precipitant in ethyl fermate tc a geed swelling
agent in ethyl valerate. The same hclds: true, cf ccurse,
for series c¢f ccmpcunds using methyl grcups, prepyl grcoups,
etc.. Fer example methyl acetate is a gced precipitant feor
rubber whereas methyl n-butyrate is a swelling agent.

Acetic acid (D.K.-6) was fcund tc be a much better
precipitant than prcpicnic acid (D.K.-abcut 3), Acetcphencne
was found tc be cn the berder line - a pecer precipitating
agent and alsc a pcer swelling agent. Benzyl benzcate - an

ester ¢f ccmparatively lcw pclarity was fecund tc be a peer
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precipitant fer rubber.,

Precipitating vocwer and Dielectric Ccnstant.

Since the precipitating pcwer of an crganic liquid
evidently varies with the pclarity and the latter runs.
parallel with its dielectric ccanstant, it might be expected
that there-wculd be a relaticnship shcwn between the precipi-
tating pewer cof a ccmpcund and its dielectric censtant. The
literature hcwever is very inccmplete in the matter cof
dielectric ccnstants, and these that are given are nct
altecgether reliable for several reascuns., Many different
werkers have contributed infermaticn in this field using
different prccedures based cn unrelated thecretical ccn-
sideratiens, werking at different temperatures and using
different frequencies. The latter twc facters are extremely
impoertant in dielectric ccnstant determinaticus and the
figures: qucted in the tables abcve were determined in the
majerity, at the same temperature and at the same frequency,
(nemely 18° and 91 cm resp. ).

There is, hcwever, a brcad relaticnship between the
precipitating power and dielectric censtant. If we examine
Table I, for instance, we see that with drcp in dielectric
censtant, the precipitating pewer alse decreases, and the
swelling pcwer naturally increases, In Teable III, the anilines,
the parallelism hclds and in Table V alsc, with the excepticn
cf phenyl acetate. The first member being an acid, it canunct

be ccnsistently ccmpared with the remainder cf the series,
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It might be pecinted cut that here alse, ass in the
section con "Viscesities of Rubber Scls*, ccmpariscns can be
made cnly amcng members cf the same group cof cempcunds, Ethyl
aniline and ethyl acetate have appreoximately equal dielectric
ccnstants, but their respective pewers of precipitating rubber

frem its scluticen in benzene are widely different.
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FRACTIONATION OF POLY VINYIL ACETATE

With the excepticn cof a paper by Staudinger, Frey and
Stark(27) which has appeared since the present werk was ccm-
plete, references tc pcly vinyl acetate have been ccnfined
tc the patent literature., The results cf the investigaticn
in this secticn have already heen embedied in a paper
ccmmunicated elsewhere(28),

Vinyl acetate, an unsaturated ester bciling at 74€C, may
be readily pclymerized either by the acticn cof heat cor with the
aid cf catalysts. The resultant oprcduct is a tcugh, fibrcus
mass, greyish white in ccler., On being swcllen cr heated, the
sub8tance acquires prcncunced elastic preperties, the extent
cf which has been measured(29),

Since it yields ccllecidal scluticns in certain types
¢f crganic sclvents, it may be classed with such materials
as rubber, the cellulcse esters, etc., as an crgancphylic
ccllecid. As might be anticipated, it belcngs te the grcup
cf mere peclar ccempcunds such as the cellulese esters, in
centradistinction tc such materials as rubber and meta-
styrene. One impcrtant exceptien hewever was fcund: pely
vinyl acetate, 2lthcugh net scluble in the paraffin hydre-
carbens, is scluble in the arcmatic hydrccarbens,

A Very ccusiderable number cf pclymerized substances
have been shoewn tc be mixtures c¢f material in varicus stages
cf pclymerizaticn, As examplesmight be cited pcly-indene(30,

31), pely cinnamal flucrene(32), meta-styrene(33), etc.
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It is prcbable that the pclymerizaticn may be repre-

sented as fcllewing cne of the fellewing twe schemes(34):

CH =CHy
I D —
0 ~Co-cH, > © "*LZIJH———CHL c\u-———cul C‘A/~cu& -
(o)
(5]
{ ) i
\ Co-(‘r43 4 Com‘uz Co-cu
~ I
@ xp
~~—?+‘-—‘CN1"C'4X—_ CH""—'—_—-‘CH-A'\—
{
OOC°~CH3 CO‘QOCH$

It may be seen frem censideraticn of either pessibility

gthat any specified number

that there is nc reascn fer believg
cf meclecules will unite tec form a larger unit. The size ¢of the
latter will be determined enly by the strength c¢f the bends
jeining the carben atcems inte cne structural unit, z2nd will
be limited prcbably cnly by the instability caused by very
large size, Hence it is net 4ifficult tc perceive the inter-
pretaticn cf the experimental results,

When the criginal vinyl acetate is subjected tc pely-
merizing ccnditicns, any number cof single mclecules( up te
a certain maximum) can jcin tcgether tc ferm a larger unit
and there will result a hetercgenecus mixture cf these
varicus materials cf different grades cf pclymerizaticn.
Since then peclymers cf varying mclecular weight are pre-
bably intimately mixed in the structure cf the whele material,
it seems justified tc suppcse fer the present at least, that

their relaticn tc cne ancther is such that the whele cen-

stitutes a sclid scluticn.
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The rcugh fracticnaticn of these varicus pclymers
depends upcn their varying sclubility in the crganic liquids
which they imbibe, It was fcund that the pclymers cf lcwer
melecular magnitude are far mcre readily scluble than the
mere highly peclymerized cnes and ccnversely, the latter
cculd be mere readily precipitated frem sclutien than the
fermer., Althcugh fractions cbtained in this way are, ¢f ccurse,
8till hetercgenecus, in the present werk the range cf mcle-
cular magnitudes fcund after cne fracticnaticn, was surpri-
singly wide.

Preparaticn of Pelymer,

The writer is indebted tc Mr Katz;, cf this Department,
fer carrying cut the peclymerizaticn. A sample of vinyl aceta=
te was distilled and that perticn was ceclleeted which came
cver at 73,5¢ - 74C, 100 gms, tc which 0,1 gm ¢f benzcyl
percxide had been added, was heated under reflux by means
¢f a het plate placed a shert distance underneath, After
refluxing had prcceeded feor 45 minutes, a vigercus reacticn
eccured, the temperature rcse suddenly tc 85%-90¢ and pely-
merization ccmmenced, the liquid beginning te¢ thicken, Heating
was ccntinued fer three heurs in all, at the end cof which time
refluxing had ceased.

The transparent, glass-like sclid present c¢n cecling,
cculd be readily separated intec twe layers - an upper, scft,
"rubbery" part (52,95 gms), and a lcwer, harder, resincus
part (46.0 gms). The latter clearly represented a part cf
the vinyl acetate which had set tc a sclid during the

initial vigecrcus reacticn and had then been heated while the
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remainder cf the liquid was refluxing and gradually under-
gecing pelymerizatien,

Fracticnaticn of the pclymer.

Each of the abcve menticned pclymers was dissclved
in acetcne, sclutien being quite slow. They were then
precipitated froem the scluticns by the additicn of distilled
water and dried in vacuc. This preccess cof scluticn and
precipitaticon was repeated three times  and the resultant
pure precducts were carefully dried,

A’ piece cf each vclymer was then placed in acetcne,
and as scluticn prcceeded, the supernatant liquid cver the
swcllen mass was pcured cff and the sclvent renewed, Froem
each pclymer, scluticns representing feour fracticns were cb-
tained in this way. The fracticns were precipitated by water
and dried in vacuc, They varied frem pure tec greyish white,
although nc definite distinction cculd be ncticed amcng the
fractions cof the criginal lew and high pclymers in extensi-
bility. All the fracticns were fibrcus and tcugh at rcem
temperature and very extensible and elastic at higher tempe-
ratures,

Mclecular Weights- ¢cf the Fracticns,

Mclecular weight determinatiocns were made crycscepical-
ly beth in benzene and in bremeferm, The prccedure fcllewed
was the usual cne: 0.4 gm cf the pclymer tcgether with 20ce's
cf benzene were placed in the inner tube cf a freezing-pcint

apparatus, After scluticn had taken place, the freezing pcint
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cf the scluticn was measured several times cn a Beckmann
thermemeter reading tec 0.001¢, The freezing peint cof the
Same sample cf benzene was then taken and the mclecular
weight of the pclymer was calculated frcem the equaticn:

100 kW
b v

Where M Mclecular weight,
k TFreezing pcint censtant cof benzene,
W' Weight of the Aissclved substance,
T Lewering of the freezing pecint.

A similar prccedure was used in the case cf the
determinaticns using brcemeferm, Beth the benzene and
bremefoerm were carefully purified befere use., The fellewing
were the results cbtained,

TABILE I - Mcl., Wts., in Benzene,

A - Scfter pclymer, B - Harder pclymer,.
Fracticn Mecl., Wt Aggregaticn
1st 487 6
2nd 898 10
A)
3rd 1198 14
4th 1376 16
1st 566 7
2nd 1281 15
B)
ard 3483 41
4th 6192 72

éggregaticn - refers t¢ the average number cf.mclecules

united tc ferm a largerunit.
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TABLE: 11 - Mcl. Wts in Breomeferm

A - Scfter pclymer, B - Harder pclymer.
Fraetion Mcl, Wt Aggregaticn
1st 400 5
2and 747 9
A)
ard 1068 12
4th 1450 17
1st 462. 5
2nd 1150 14
B)
ard 3200 37
4th 5000 60

The mclecular weights ¢f the fracticns=in the twe
sclvents are nct strictly ccuncerdant but this is net surpri-
sing under the circumstances. The crgancphylic ceclleids,
sclvated in the cne case by benzene and in the cther by
bremefeorm, might well change sufficiently in aggregaticn
tc acccunt fer the difference,

Viscesities cf the fracticaus.

Scluticns cof the varicus fracticns were made up in
benzene tc the same ccncentraticn - 0,328 gm per 100 cc's cof
sclvent, The visccsity measurements were made in an Ostwald
viscometer immersed in a thermcstat with the temperature
constant te 0,002%, The relative viscesity is the ratic cof
the time of flew cf the scluticn tc that of the pure scl-

vent, (in seccnds),
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TABLE 11X
A - Scfter pclymer, B - Harder pclymer.
Fracticn Time ¢f flew Rel, visccsity
1st 100,0 1.333
2nd 118,0 1,561
A)
3rd 174.,2 2,304
4th 279,.6 3,700
1st 98,5 1,303
2nd 206.0 2,725
B)
3rd 444,4 5,878
4th 634, 2 8,389

Time cof flew of pure sclvent - 75.6 seccnds.,

Pely vinyl acetate, then, is undcubtedly hetercgenecus,
the precduct prepared by the aid cf benzeyl percxide being
separable intec fracticns ranging from cne having a meclecular
weight of 566 tc cne having a meclecular weight of 6192 in
benzene. The harder pclymer, as expected, yielded fracticns
cf much higher melecular weight than these of the scfter
pclymer. The viscesity cof scls cf the same ccncentraticn
made of the varicus fracticns is greater, the higher the
state cof peclymerizaticn which the fracticn represent. Al-
thcugh, since cnly cne fracticnaticn was carried cut and the
fracticns themselves are undcubtedly still hetercgenecus,
a8 linear relaticn seems tc cbtain between the grade cof
pclymerizaticn and the viscesity cf the scl in benzene,

thcugh this relaticn is cnly an apprcximate cne.
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It is werth necting that the viscesities of scls of
this specimen cf a given mclecular magnitude, are much
higher than these cf scls of the specimens examined by
Staudinger, Frey and Stark(35), The latter were ccmmercial
specimens and the exact methed cof pelymerization fellewed
is net dercribed.

Catalysts in the peclymerizaticn c¢f Vinyl acetate.

In crder tc determine which ¢f the cocmmener incrganic
ccmpeunds - particularly halides and cxides - cculd be used
as catalysts in the veclymerization cf vinyl acetate, the
fecllewing qualitative experiments were carried cut.

A 20% scluticn of vinyl acetate in chlereferm was
made up and saturated scluticns c¢f the fcllewing cempcunds
in chlercferm were alsc prepared, The Bclubility cf scme
cf these ccmpcunds in chlerceferm is relatively small, but
a very small amcunt cnly is sufficient tc shew catalysis:

in a qualitative way.

Antimecny pentachleride
Acetic acid

Zinc chleride

Zinc bremide

Vanadium chleride
Aluminium chleride
Aluminium bromide
Phespherus pentachleride
Benzcyl percxide
Antimeny trichleride
Mercuric chlcriAde
Scedium percxide

Lead percxide

Arsenic trichleride

Therium bremide
Ferrcus chnleride
Ferrcus brcmide
Bismuth trichleride
Silicen tetrachleride
Chrcoemium chleride
Cuprcus chlceride
Cupric chleride
IL.ead icdide
Titanium chleride
Benzeyl chleride
Cecpper cxy-chleride
Stanncus chleride
Stannic chleride

Twe cc's cf the sclution of the catalyst in chlcere-

foerm were added tec abcut 20 ce's cof the vinyl acetate
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scluticn and allewed te stand feor three days. Petrcleum
ether (fracticn of beiling peint 35° tco 40C) was used as
a>precipitant in threwing cut cof scluticn any pclymer
which might have been formed. Nene shewed pelymerizatien,

Then the scluticns c¢f vinyl acetate and the catalyst
were heated tecgether in a water-bath tc abcut 80¢ fer twe
hcurs and tested again with petrcleum ether. Benzcyl per-
cxide gave the best results as a catalyst. Antimcny pentachle-
ride and stannic chleride alsc gave gced results, Nene cof
the cthers, with the pcssible excepticen ¢f the tetrachlceride

cf silicon, seemed effective as catalysts,
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FRACTIONATION OF RUBBER

Rubber cccurs naturally as the disperse phase cf a
lycphebic disperscid - latex - secreted by certain plants,
The hydrccarben, prebably asscciated with certain impuri-
ties, is suspended in the ferm cf glcbules in the aquecus
medium cr serum, which further ccntains dissclved substances
such as carbchydrates, resins and prcteins. It is prcbable
alsc that each glcbule pecssesses a preotective ccating of
prctein which serves tc maintain the disperse phase in the
ccllcidal state. These glcbules are ccagulated by varicus
means and the ccagulum, ccntaining besides the cacutchcuc
much cf the prectein and resin impurities, is further treated
in varicus ways tc give different kinds c¢f rubber,

The extreme impertance cf rubber is due chiefly tc
the preperties:- which it pessesses tc an unusual degree -
cf being highly elastic, very resilient tc sheock and suffi-
ciently durable tc withstand leng wear. It lends itself very
readily tc ccembinaticn with sulphur, te yield the familiar
vulcanized prcduct in which ferm it is mest widely used.

It is in crder tc explain its unusual preperties, te
explain alsc many striking phencmena in ccnnecticn with it -
e.g. the Jecule effect - and tc aid in the search fcr a geced
synthetic substitute, that varied attempts have been made
tc explain the physical and chemical structure cf rubber,

Rubber is a pclymer cf unknewn mclecular weight,

censisting prebably cf aggregaticns cof a structural unit
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which may be fermulated as:(CgHg)y. It is an crgancphylic
cclleid yielding celleidal seluticns cnly, in vericus crganic
sclvents, These pessess high relative viscesities, rising
steeply with small increases in cencentraticn, but varying
cnly te a small extent with change in temperature.

Weber{36) scme years age, from micrescepic investiga-
ticns déclared that the glcbules in latex are ccmpesed cf
a liquid, cily hydrccarben which, by mecre ccmplete pelymer-
izaticn, gives rise tc cacutchcuc upen ccagulaticn. Recently,
Hauser{37) by micrcmanipulaticn, claims tc have succeeded
in puncturing the envelcpe enclcsing this liquid and actually
tc have necticed thedscape cf the latter frem the glcbule. He
censiders that this lewer pelymer is surrcunded by a harder
shell - a higher pclymer chemically identical with the inner
fluid, De Vries(38) and Whitby(39) have hcwever, expressed
their belief that in all prcbability, the ccnteuts cf the
glcbules cecnsist cof the true cacutchcuc itself,

Hauser(40) has alsc presented micrescepic evidence
tc further prcve that the rubber hydrccarben in latex exists
in twe stages cof pclymerizeticen, identical chemically., Many
cther investigatcrs have taken this view alsc, Furthermcre
this twc-phase hypcthesis has been extended tc the structure
cf rubber itself and varicus suggesticns have been put ferth
regarding the inter-relaticn between the alleged twe peclymers
in rubber. It is werth neting that mest of these suggesticons
seem tc have been put ferward with a view tec explaining the

unusual prcperties cf cacutchcuc.
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Fessender(41), suppcerted by Lunn, Park and Feuchter,
egrplied the ides cof the twe-phase structure in latex gltbules
and advanced the view that rubber is ccmpcsed cf grains cof
sclid material flcating in a very elastic medium. We have
alsc the isccellecidal hypcthesis due tc Ostwald whe censidered
cacutchecuc as s ccllecidal dispersicen cf sclid granules in a
medium cf the same chemical nature but cof different physical
preperties, A cellular hypcthesis, attractive by virtue cof its
analecgy tc crganic matter of vegetable cr animal crigin, has
been adcpted by Hauser. lLastly, a hypcthesis cf sclid scluticen
was first suggested by Chauveau as a results-cf his experiments
cn the compressibility cof rubber, This suggesticn entails twe
cacutchecuc cf different stages cf pclymerizaticn dissclved
in each cther tc fcrm a single phase,

The Hetercgeneity cf Rubber,

As:Bary(42) ably pcints cut, mest of the invertigatcrs
in this prchblem have attempted tc carry thrcugh ideas cof the
structure of latex glcbules tec the structure cf rubber. If
these latex glcbules be ccagulated and the cacutchcuc ccagulum
be dispersed in benzene, we cbtain particles cf disperse phase
millicns cof times smaller than these cf latex. If we ncw cb-
tain back cur cecutchcuc frem the benzene scl by evapcraticn,
it seems sbsclutely impcssible that these particles will
retake the ferm cf the criginal glcbules, It wculd seem
imprcbable alsc that glcbules ¢of the size feund in latex

cculd underge vigercus mechanical treatment and retain their

criginal ferm.



As has already been menticned in the discussicn cf
rcly vinyl acetate (vide supra), very many pclymerized
materials have been definitely shewn tc be of variedly
hetercgenecus ccmpesitien - the case cof meta-styrene(43) being
a particularly analcgcus cne. Amcng pelymers - naturally
cccuring cr synthetic - there is nc analcgy extant fer the
idea cf a twc-phase structure in rubber,

The well kncwn effect cf such external ferces as heat
in chenging the state cf aggregaticn, is ccnsidered(44) merely
tc change an equilibrium existing between these twe phases.
One is naturslly led tc inquire as tc what unusual law must
be cbeyed in crder that twe and cnly twe grades cf pclymeri-
zaticn can be attained by the criginal mclecule in the
fermaticn cof rubber. What cbviates the pessibility cof the
fermaticn of intermediate pclymers?

It would appear extremely difficult tc present the twe-
phase hypcthesis cof rubber cn a thecretical basis, There seems
tc be nc lcgical reasen at present, fer differentiating the
case ¢f rubber from these cof cther crgancphylic cclleids,
whese structures have been prcven tc be hetercgenecus, entailing
a mixture cof materials cf widely varying grades cf peclymeri-
zaticn,

Fracticnaticn,

Duclaux(45) has separated twe distinect fracticns frem
rubber left standing feor several years, cne sclid and inscluble

in erdinary sclvents and the cther semi-liquid and very scluble;
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the latter being present in much larger preperticen than the
fermer, Mcre recently Pummerer(46) has divided rubber into
twe cempenents, His:methed entails - first purificaticn of
latex by allewing the latter tc stand with 20% NaOH at 50°,
remcving the hydrccasrben, dialysing cff the NaOH and then
fraeticnating the precduct by exhaustive extracticn with
ethyl ether. He speaks cf his twe fracticns as gel-rubber -
giving rubber its tcughness, and scl-rubber - giving it
elasticity.

The scl-rubber is scluble in ether and the gel-rubber
is net. Yet when an ether scluticn cof the scl-rubber is
evapcrated, he finds traces ¢f gel rubber fermed which are
inscluble in ether. He ccncludes from these experiments that
the parent cr unit mclecule cof rubber pclymerizes tc twe
grades cf pclymers and the latter are reversible by aggrega-
tion and disaggregaticn, asscciaticn and disscciaticn,

It is well worth neting that this werk appears te
yield very imperfect evidence fer a twe-phase structure
in rubber, Each cf the twe fracticns cbtained as menticned
might ccnceivably still be hetercgenecus; the cnly difference
between them may be simply in the separaticn cf a prepcnderan-
ce ¢f higher and lcwer pclymers in the gel and scl rubber
resvectivelye.

In the present instance, the diffusicn methed cof
fracticnaticon was used, As menticned in the feregeing secticon,
pelymers cf lcwer mclecular magnitudes pcssess greater
sclubilities than these ¢f higher magnitudes and this differ-

ence is utilized in their rcugh separaticn. Since small traces
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cf impurities  however affect the viscecsities of rubber scls
tc a great extent and the visccsities of the scls cof these
fracticns were tc be used later as a critericn cof difference
in size cf pclymer, it was necessary tc free the rubber frem
impurities as far as pcssible,
PART T

Three samples cf smcked sheet of kncwn histcery were
extracted with 75-25 acetcne-petrcleum ether mixture in crder
tc remcve the resins, The extracticn medium was renewed three
times at intervals cf 24 hcurs and then twice at intervals
¢cf 48 heurs., The liquid pcured cff frem the last extracticn
was quite cclerless and it may be assumed that extracticn was
cemplete, Each sample was then dried in vacuc fer cne week,
The less in weight due tc extracticn was fecund tc be abecut 34

Each ssmple was then cut up tc expcse a large surface
and placed in a twe litre Erlenmeyer flask, Sufficient benzene
was sdded tc each flask sc that scme 100cc's ¢f liquid was
supernatant tc the rubber, Care was taken nct tc shake the
flasks thrcughecut the diffusicn, At intervsls cf abcut fecur
days, the supernatant liquid was siphened cff frem the gel
belew and the sclvent renewed - carefully sc as tc cbviate
disturbance cf the gel.

In this way, six scluticns representing six fracticns
cf the criginal samples, were cbtained frem each cf the
three flasks. The scluticns were kept till all were prepared,
then the rubber was precipitated frcem each by means cf acetc-

tone and dried., Then scluticns were made up ¢f each fracticus
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in benzene, tc a cecncentraticn of 0.328 gm per 10C cc's,

Weights gf fracticns,

Bl - 0,30 Cl - 1,48 Dl - 1,27

B2 - 0.78 C2 - 1,44 D2 - 1.14

B3 - 0.40 C3 - 3.84 D3 - 0.26

B4 - ©,.53 C4 - 1.27 D4 - C.97

B5 - 0.63 C5 - 0.67 D5 - 0.54

B6 -_0.63 C6 -_0.60 D6 -_2.68
Am't diff'd 3.,27gms 9.30 gms 6.86 gms
Orig, wt 13 " 15 " 22 "
% remcved 25% 61% 31%

Be the prccedure described abeve, first the resins are
remcved frcem the rubber by extracticn and then the pure
hydrccarben is diffused cut of the skeleten cof nitrcgencus
matter in which it is enmeshed, leaving the prcteins behind.
That there really is s mesh skeleten of pretein in the rubber
is supperte’ be the fellewing cbservaticns, Altheugh after
the fracticns had been remcved, the remaining swcllen mass
seemed tc resemble the criginal, yet upen slight shaking
cf the flask, the gel material seemed tc crumble and dispersed
in the remaining benzene very quickly.

All the fracticns abtained were tested fer nitregen
accerding tc the methed dercribed in Mulliken's "Identifica-
ticn of Organic Cempcunds®", and the tests all shcwed negative

results, The prccedure was briefly as fcllcws: A small sample
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was fused with pctassium metal, the resultant precduct mixed
with Ho0 and the mixture filtered. Any nitrcgen present in the
criginal sample weould ncw be dissclved in the ferm cof KCN.
Then the usual test feor a cyanide was carried cut, inveclving
the use cf ferrcus sulphate, hydrechleric acid and ferric
chleride fer the prcduction of Prussian Blue. Since the test
is aivery delicate cne, and centrecl tests ¢on crdinary smcked
sheet gave decidedly pcsitive results, it may be assumed
that the prctein impurities present were negligible.

The scluticns c¢f the fracticns were left tc disperse
fer three menths in the dark at rcem temperature. Then
the viscesities of the scluticns were measured in a visce-
meter cf the Ostwald type immersed in a thermcstat regulated
tc a variaticn cof 0.002€C,

TABLE I - SAMPIF_A

Fraeticn Time cf flcw Relative viscesity
1st 492.0 6.291
2nd 533. 8 6.826
3rd 477.6 6.107
4th 536.0 6.854
5th 560.2 7.163

6th 843,86 10,788
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TABLE 11 - SAMPLE B

Fracticn Time cf flcw Relative visccsity
1st 603,2 7.713
2nd 593,0 7. 583
drd 647.0 8.273
4th 547.8 7.350
S5th 785.0 10.038
6th 750.0 9. 591

TABLE III - SAMPLE C

Fracticn Time cf fleow Relative viscesity
1st 389.3 4,978

2nd 395, 3; 5.055

3rd 402.7 5.149

4th 670, 3 8, 571

5th 703,4 8,995

éth Net yet preperly dispersed,

In Table I, with the excepticn ¢f fracticn #3, the
relative visccexities ¢of the fracticns rise regularly frem the
first tc the last. In Table II, mere irregularity is enccunte-
red, althcugh the same tendency fcr rise in relative viscesity
is shewn., In Table III, the rise is regular withcut excepticn.
It might be ncted here that a small precperticn cf acetcne
was intrcduced with the sclvent in the case c¢f sample C, and
this might pcssibly have a beneficial effect in the preper

fracticnal Aiffusicn cof the rubber.
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It must be considered further that since cne fracticn-
aticn cnly was carried cut, the divisicn cannct be a perfectly
regular cne. It is significant alsc that in the case c¢f
Sample C where the sequence c¢f figures is regular, 60% cf
the rubher diffused cut, while in the cther twc cases, cnly
30% cf the hydrccarbcn was extracted,

PART 11

Further experiments ¢n the fracticnaticn c¢f rubber
were carried cut, varying tc scme extent the prccedure
cutlined abcve, Twe mere samples, D and E were acetcne
extracted by the prccedure cf Part I, and allcwed tc diffuse
in the same way, fcur scluticns representing different
fracticns being cecllected frem each. Then the cconcentraticns
cf rubber in the varicus scluticns were determined by evapcer-
ating a definite vclume cf each scluticn and weighing the
residue, The fracticns all gave negative tests feor nitrcgen,

By the additicn cf the preper amcunt c¢f benzene, esch
scluticn was brcught tc the same cencentraticn cof 0.3 gm per
100 cc's, This prccedure chviates the necessity c¢f precipi-
tating and redispersing the rubber, The visccsities cf these
scls cf standard concentraticn were then taken,

TABLE IV - SAMPLE_D

Fracticn Time of flew Relative viscesity
1st 378.,0 4, 846
2nd 403.2 8.156
3rd 408,6 5.226

4th 415,2 5., 309
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TABIE V - SAMPLE E

Fracticn Time cf flew Relative viscesity
1st 400,1 5.11¢
2nd 413,2 5,284
3rd 420,8 5. 381
4th 423, 6 5. 417

These fracticns shcwed a small but regular increase in
the ¥iscesities of their scls, The mcde of prccedure used
weuld seem supericr tc that used in Part I, since nc preci-
pitaticn and redispersicn cf the rubber is invelved. What
effect the rate ¢of ccagulaticn cr the ccagulant itself may
have cn the degree cf pclymerizaticn is nect definitely kncwn
and furthermcre any cf the precipitant nct remcved by drying
will have an impertant bearing cn the viscesity cf the
scluticn,

The writer clearly reccgnizes, that the figures
adduced abecve de net constitute a rigid precef cf the ncnexist-
ence ¢f a twe-phase structure in rubber, since it is ccnceiva-
ble that, if the latter hypcthesis is cerrect, mixtures cf
varying preperticns cof the twe peclymers might lead tc these
results. However, taking intc acccunt the great difference
in sclubilities c¢f the "scl-rubber" and "gel-rubber" described
by Pummerer, this criticism dces net seem very applicable,

Effect of varicus_precipitents cn_the degree_cf peclymerizaticn,

Frem the discussicn in the penultimate paragraph, it
was deemed interesting tc try the effect cof precipitating
rubber in varicus ways, redispersing each ccagulum in benzene

and then determining any change in the relative viscecsity cof



the secl,

A sample of crépe rubber was dried snd dissclved in
benzene tc give a ccncentraticn ¢f 1 gm per 100 cc's. When
dispersicn was cecmplete, 4 of the scl was precipitated by the
use cof acetcne, 4 by 90% ethyl alcchel, 4 allcwed tc evapcrate
in vacuc, and 4 cof the scl was left unchanged, The three
ccagula were dried and then dissclved in benzene tc a cen-
centraticn cof 0.328 gm per 100 cc's; the criginal scluticn
which had been left unchanged alsc being made up tc the same
cencentration, The viscesities of the scls were then measured

in the usual manner.

Sel Time c¢f flew Relative viscesity
Original 377.6 4,936
Alcchel - prec. 410,6 5. 396
Acetcne - prec. 375, 8 4,912
Evapcrated 362,0 4,731

The scl where acetcne ccagulaticn had been used remained
practically unchanged in viscesity. The scl whese disperse
phase had been cbtained by evapcraticn shewed a definite
lcwering in viscesity; cconsequently the average degree cof
pclymerizaticon must have been lcwered, The alcchel-precipita-
ted rubber shewed a rise in viscesity, althcugh this may have
been due in scme measure tc traces cof water remaining in the
rubber after Arying, 90% ethyl alcchcl had been used and,
as is well kncwn, water has a ccmparatively great effect in

increasing the visccsity c¢f a rubber scl in benzene,



WATER_ABSORPTION BY RUBBER

The efficiency cof rubber ccmpcunds used fer purpcses
cf insulaticn Adepends tc a large extent cn the amcunt cf
water which the rubber will abscrb frem the surrcunding
medium, Of especially great impecrtance is this in ccnnecticn
with under-water cables, where}?Sbber is immersed in water
centinucusly under ccmparativa/%¥gh pressures,

De Vries(47) and Whitby(4&) cbserved that the water
centent of raw rubber varied with the humidity cof the atmes-
phere in which it was stecred. Van Ressem(49) showed that the
amcunt cf water which is abscrbed by rubber depends upen the
humidity, temperature, asnd upcn a further impertant facter -
the amcunt cof water scluble impurities in the rubber. Obach
(50) cbserved the difference in abscrptien frem sea-water and
fresh water, and ncted that nct cnly did rubber abscrb less
froem sea-water, but that in the latter case, the rubber scecn
reached a ccnstant weight, whereas in the case ¢f fresh water,
the abscrpticn was centinucus cver a leong pericd cf immersicn,

Whitby(51) has further shewn that the capacity cf rubber
toe retain mecistureis clesely related tc the presence cf
hygrescepic serum sclids in the rubber, Kirchhef (52) has
investigated the relaticnship between the water abscrpticn
and the acidity cf the rubber and shcwn that the fcrmer is
dependent cn the amcunt cf fatty acids present. Recently
Beggs and Blake(53) and Lewry and Kelman(54) have discussed
the effect cof varicus facters upen the amcunt cof water

abscrbed and the rate cf abscrpticn,
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Lewry and Kehman, menticned abeve, ccnsider that the
mest impertant facter determining the amcunt cof water abscrbed
is the vaper pressure cr water with which it is in equilibrium,
They ccnsider that the mechanism cf water abscrpticn scnesists
in twec prccesses.

l1,-The fermaticn of a true scluticn of water in rubber.

2.-The fermaticn of scluticns internal tc the rubber cof
water scluble cconstituents ¢f the rubber which cen be remcved
by washing,

They ccnclude further that increasing the rigidity
cf a rubber ccmpcundi decreases greatly the smcunt cf water
abscrbed.

It weculd appear tc the present writer that, net the
vaper pressure cf water in the surrcunding medium, but the
amcunt c¢f water scluble ccnstituents in the rubber, is the
mest impertsnt facter in water abscrpticn. Fer cf the twe
precesses menticned in the penultimate paragraph, the seccnd
cne is by far the mcre impertant, as will be shewn in this
werk, Evidently, then, if all cf the water-scluble ccnsti-
tuents cculd be remcved frem the rubber, and granted that
the latter were ccmparatively rigid, the vapcr pressure cf
water in the surrcunding medium wculd make very little
difference in water asbscrpticn.

The pure cacutchcuc hydrccarben must be ccnsidered as
pcesessing practically nc affinity fer water, hence the
latter csnnct sclvate the rubber, The mechanism cf water

abscrpticn then with the pure hydrccarben weuld lie in the
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capillary and adscrpticn ferces which weuld be exerted. If a
sufficiently firm surface cculd be presented tc the water,
cnly the ferce of adscrpticn and that cver a small surface
area, cculd be exerted tc cause an increase in the weight

¢cf the immersed hydrccarben,

Impurities in the cacutchcuc may be cf twe kinds, either
water-scluble cr water-inscluble. In the case c¢f the fermer,
& scluticn will be formed cof these censtituents, internal te
the rubber. In the case cf the latter, as for example with
pcwdered quartz cr carben black as a filler, the abscrpticn
cf water will be decreased, because a mcre rigid precduct
will result lessening the effect ¢f capillary fcrces. The
additicn cf sulphur in the vprccess cf vulcanizaticn lessens
the water abscrpticn greatly.

In the present werk, samples cof rubber ccntaining
varying amcunts ¢f water-scluble censtituents were prepared
by the fcllewing prccedure.

Samples #1 and #2 were prepared by extracticn cf smcked
sheet with a 75-25 acetcne-petrcleum ether mixture, a2nd then
di ffusing cut the pure hydrccarben frem the nitrcgencus matter
as described in a previcus secticn {Fracticnaticn cof Rubber),
Beth of the samples gave negative tests fer nitrcgen., Sample
#1 possessed much greater rigidity than sample #2.

Sample #3 was prepared by mixing scluticns cf nitrcgen-
free, extracted rubber and smcked sheet in the preperticen
2 tc 1 respectively - thus yielding a rubber ccntaining
appreximately cne third as much water-scluble material as

crdinary smcked sheet,
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Sample #4 was prepared by mixing scluticns of nitrcgen-
free extracted rubber and smcked sheet ;n the prcperticn cof
1l tc 2 respectively - thus yielding a rubber cecntaining
apprcximately twe thirds as much water-scluble material as
crdinary smcked sheet.

Sample #5 was crdinary smcked sheet which centained
abecut 2,757 of nitrcgencus matter.

Sample #6 was prepared by utilizing the rubber remaining
after abecut €60% cf the pure hydrccarben had been diffused
cut - thus yielding a rubber centaining abcocut twe and cne
half times as much water-scluble material as cmcked sheet.

The samples were dried in vacuc, weighed and immersed
in the medium. A 3.5% scluticn cf scdium chleride was
substituted for sea water and in the case cf the water
vaper, the samples were suspended cver water in clcsed tubes,
At stated intervals, the samples were remcved, superficially
dried by pressing between pieces cf filter-paper and the
increase in weight ncted. The superficial drying was carried
cut in as standard a way as pecssible each time and centrel
tests shewed a very small experimental errcr,

The results are tabulated belcw.
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Percent increase in weight

cver criginal weight after:

Medium Sample 5 days  l2days 2ldays 3ldays
1y . 0.06 0.32. 0,29 0.28
) "\;‘ !’Ef»é_,L_
< 0. 59 0.75 0.78& 0.77
3 0,62 1,93 1.96 2,04
Sea water)
4 1,10 2,08 2.13 2,19
5 >% 1.50 1.74 2.15 2,47
6 )7 mel 3520 36,60  29.87 26,41
1 0.51 0.86 0.79 0.83
2 0.74 1.18 1,57 2,00
3 1,13 3. 32 3,68 4,09
Water)
4 3,37 4,32 4,83 5.17
5 3, 87 5,09 5,63 6, 82
6 28, 40 3., 30 27.12. 21,61
1 0.20 0.3 0. 57 0,33
2 0.37 0. 58 0.71 0.7
3 0.00 0.88 1,96 2,22
Water-vaper)
4 2,04 3,12 3. H2 3.91
5 2.18 3,24 3,93 4,60
6 7.12 10, 56 10,38 10.43

The amcunt of water abscrpticn is seen tc run parallel
te the amcunt cf water scluble material present, withcut
excepticn., Sample #1, presenting a firm surface and ccntaining
ne water scluble ccnstituents abscrbed a negligible amcunt

enly, in all cases. The abscrpticn in the case cf sample #2
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is almest as lew, the difference being due tc abscrpticn by
capillary acticn and adscrpticen. The water abscrpticn gradual-
ly increases Acwnward until we resch the surprising figure cof
cver 36% in the case cf the prctein-rich and resin-rich
rubber., It will be ncticed that in the case cof the latter
sample, the weight decreased after having cocme tc a maximum,
shewing diffusicn of scme cf the water-scluble censtituents
cut intc the water,

The: abscrpticn is less in all cases in sea-water than in
pure water (with the excepticn cof #6), which is tc be anti-
cipated since the number cf water mclecules adjacent tc unit
surface ¢f the sample has been lcwered,

Further samples cof pretein-free, resin-free rubber were
prepared and pressed in a mechanical press at an elevated
temperature in an effert tc cbtain a still mcre rigid mate-
rial, but it was fcund that these samples shcwed marked

tackiness and cculd net be used after a few days immersicn,
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SUMMARY

1l,- The meaning c¢f sclvaticon, the facters affecting it

and thecries ccncerning it have been discussed,

2,- Measurements have been made in the temperature-
viscesity relaticn of varicus cellulcse acetate scls and
the results discussed in the light ¢f the Hatschek-McBain

centreversy regarding the cause of viscesity.

Se- The visccsities ¢f varicus rubber scls have been
measured, The results cppcse any general ccorrelaticn cof
high viscesity with swelling, unless pcssibly each grcup
cf sclvents (accerding te structure) is considered separa-
tely. Viscesities of rubber scls and meta-styrene scls have

been ccmpared,

Z:- The precipitating pcwer cf series cf crganic liquids
for rubber has been measured., It has been shcwn that in any
cne series, a definite parallelism exists between precipita-
ting pewer and pclarity. Relaticn has heen shewn brcadly

between Aielectric ccnstant and precipitating pcwer.,

5.~ Pely vinyl acetate has been shewn definitely tc be
hetercgenecus, the mclecular weights cf fracticns cof it

and the viscesities of the scluticns cf these fracticns
determined. Varicus catslysts in the pclymerizaticm cf vinyl

acetate have been tried.



(68)

6.- An effert has been made tc fracticnate rubber by the
#djiffusicn” methed, using twe varying mecdes of precedure. The
results, althcugh net definitely dispreving the twe-phase
hypcthesis, seem tc indicate that rubber, in ccmmen with

many cther crgancephylic ceclleids, is hetercgenecus,

Te- Rubber samples with varying nitrcgen ccentent have been
prepered and treated fer water abscrpticn., The latter has
been shcwn tc depend very definitely cn the water-scluble
cocnstituents of the cacutchcuc. The nitregen-free, acetcne-
extracted samples were fcund tc abscrb a negligible amcunt

cf water,
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