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INTRODUCTION (l ~ • 

Seme year~ago, the study ef systems centaining particles 

ef celloidal size became sufficiently important te warrant 

the reccgnition of a new branch ef chemistry. It seen became 

evident that these disperse systems ceuld be placed defini-

tely under ene ef two classes, lyophobic and lyophylic. The 

properties ef these two classes ef disperseids are wi.dely 

different; the mest impcrtant distincticn, and one to which 

mest ef the others differences may be ascribed, lie~in the 

mutual attractien between the rtisperse phase and the disper-

eien medium. 

In a system such as a geld hyd.rosol, where we have 

reascn tc believe that little er no affinity evinces itself 

between disperse phase and dispersion medium, we have an 

example ef a lyephobic sel, or in this- case, hydrophobic, 

since water ferms the continuous phase. In ccntradistinctien 

to this, in the case of a disperSion of gelatin in water, 

where the twe phases exhibit definite attractien fer each 

ether, we have an instance ef a hydrophylic sel, differing 

markedly in many ef its prcperties frem those ef the fermer. 

Of late years, these hydrephylic systems, previously 

rather neglected, have sprung more into prominence, the chief 

reasen prebably being their physiolegical and industrial 

importance. More recently still. that branch ef lycphylic 

colloids which disperse in erganic selvents have attracted 

the attention of chemists. Te this group has been ascribed 

the term "organephylic colloids". (2) 
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Since water is a powerful ionizing medium, investiga­

tors in hydrqpbylic systems have been severely hampered by 

the effects of electrical and ionic influences. Just how 

great a part these influences play in the stability and even 

structure ef a ~drephylic system is net knewn. It is cbvieus 

therefore, that the erganep~lic systems present a field of 

research where these complicating facters are present to 

little or ne extent, since the solvent is usually non-ieni­

zing. Furthermore the number ef sclvents available being 

Virtually unlimited, the number cf systems untier observation 

is multiplying rapidly, anri many ef these will doubtless 

be directlj applicable industrially. 

In the present work, ne attempt has been~made tc dwell 

en any cne topic, but, as the title indicates, various 

sturiies have been undertaken in riifferent organcphylic 

systems with a view to shedding mere light upon several 

important phases of the subject. 
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SOLVATIOli 

S'ince the attr·scticn of the dispersed colloid for the 

continuous phase c.cnsti tutes~~:; the salient characteristic ef 

an organophylic syatem, and since the effects of this attrac­

tion must necessarily affect to a great extent every dis­

cussion of phenomena in such systems, it would be well to 

devote seme time to a consideration ef this matter. 

Because ef this attraction, c01101181 particles 

dispersed in a continuous phase, by means ef forces net 

clearly understood, bind a part ef the sclvent in seme sort 

of cembination; the net result being that less solvent is 

present in the ··free" condition than before. This is known 

as flSe1 vatientt • 

The- stability ef a disperseid depends upon two factors:-, 

the charge ef the particles and solvation. Since erganephylic 

systems entail usually enly non-ionizing selvents, the charge 

can play only a very small rcle. Solvation, then, including 

beth imbibiticn of selvent and presence ef a protective layer 

ef bound solvent around the particle, must be the chief 

facter upon which the very existence ef the sol as such, 

depends. 

Experiment has shown that in the swelling of a colloid, 

imbibition takes place very rapidly at first, reaching an 

equilibrium mere slowly. Since the intensity ef solvation 

is evidently inversely proportional te the amount ef solvent 

already taken up, it may be concluded that va-rying parts ef 

the solvent are bound with different 1egrees of firmness. 

Probably the outermest layers ef bound sclvent are held by 
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very.loose forces indeed, and the amount of solvation will 

naturally vary with many different conditions. 

Solvation and degree of disnersion. 

The attraction between particle and solvent is exercised 

first at the surface where the two ccme inte ccntact. It might 

be ccncluded that the greater the specific surface ef the 

disperse phase the greater will be the selvation, but it must 

be admitted that very little direct experimental evidence 

can be ad~uced fer this reasening. Kuhn(3) quctes experiments 

en heats ef selution as evidence fer this. The heat cf selution 

has been shewn te run parallel with the amcunt ef surface. 

AriZ has shown that a 10% gel swelled much faster than a 20% 

cne, and Freund1ich effers the explanation that in the fcrm­

ation ef a 10% gel frem one ef a higher concentration by 

dilution, more micelles have been fermed which cantake up 

more selvent. 

Solvation an~ Temperature. 

McBain and Salmon(4) have carried cut experiments on 

the change ef solvatien with temperature, using a sodium 

palmi tate hydresel. They found a defini te lowering in the 

amount ef selvation with rise er temperature, but they further 

conclude from their 'work that this change is very small. The 

scrption method of measurement was used. Fer example: 

at 90e ----- ... -~ 2.16 moles ~O/ 1 mole Na Palmitate, 
c 

It 80 .. _-_-..---=--. 2.32 It .. .. et 

.. 40
C ___ .. _.-A ___ ~ 2.40 .. It .. .. 

.. 160 
----~ .... -- 2.60 .. .. It .. 

There Is no doubt that the ameunt ef selvation changes with 
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change in temperature. From thecretical considerations. it 

may be explained that the outer layers ef bound solvent are 

more greatly affected by thermal agitation at higher tempe­

ratures and will free themselves from the particle te a greater 

extent with successive rises in temperature. Although condi­

tions' differ widely in each system, we may even observe a 

definite upper limit te solvation. Thus-particles efan 

albumen sol are solvated at lower temperatures but flccculate 

at a higher temperature. 

The total sclvation fer the purpose of relative 

measurements, may be divi~ed into two parts. If we consider 

a dispersion of rubber in benzene, for example, a large 

amount of the solvent is associated with the disperse phase, 

but we have no method whereby the amount may be measured. If 

nc~ there be added to the system sufficient acetone to just 

produce S'- visible flocculation, the rubber has been partly 

desclvated. By allowing t-he precipitate to settle and then 
stage 

by drying, the secon~cf desolvaticn may be carried cut. In 

the latter esse the difference in weight before and after 

drying gives direct measurement ef the solvation ef the 

highly swollen visible precipitate. 

In the present instance an attempt was made to measure 

directly the change in amount ef solvation with change in 

temperature, assuming that at the end ef the firstJ;redesel­

vaticn, the disperse phase in all cases is brought tc the same 

degree ef solvation. If we consider a sol of cellulose a-cetate 

in acetone, we may .ssume that the system is composed of 
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~articles of the disperse phase which have bound a part ef 

the solvent, and that these particles are suspenned in the 

remaining free solvent. If we add water te this system, two 

ferces eppese each ether. Beth the colloid and the water~J.£ 

attract the acetone, but if the water-acetone attractien 

is great enough, then the particles will be sufficiently 

de-solvated to flocculate. As will be shown in. a later chapter, 

this de-solvating effect is exactly opposite te awelling. It 

is:very often the case that liquids which de not swell such 

celloids as rubber or clel1ulcse acetate will de-solvate or 

preCipitate them frem a disperseid, ~rcviding, ef ccurse, 

that the liquids added are miscible with the ccntinuous 

phase ef these systems. 

Kadgen, Peel and Briscce(5) have investigated these 

forces among liquids te scme extent, and have concluded from 

their data that an added liquid will distribute itself 

definitely between two miscible liquids acccrding to the 

ratie ef its attractive forces fer these liquids. 

Various sels were prepared fer this purpose and 50 cc. 

ef scl used in eaoh experiment. A Pyrex tube', abeut 50m. in 

diameter and 30cm. in length. olosed at ene end, was:~ set up 

in a thermostat. A mechanical stirrer giving vertical moticn 

was placed inside in order to further ensure ccnstant tempera­

ture ef the ccntents of the tube. In each experiment 5Occ. 

ot 801 were introduced into the tube and allowed tc ccme te 

the required temperature. The precipitant was then added 

slowly from a burette, with constant stirring. The a'ddi ticn 
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Qf the precipitant was sufficiently slew.. BC that the teInpera­

ture of the contents ef the tube was not appreciably changed. 

The end-point was taken when the first permanent visible 

precipitate appeared. Check experiments showed an experimental 

error of about 1%. 

Experiment #1 

Sol. ---------- Cellulose acetate in acetone, 

Concentratlon.------- 1%. 

P~ecipitant. ------- Distilled water, 

Temp. 

480 0. 

38° 

28° 

130 

1. 50 

Ne. cc's Ha° req'd, 

25.6 

2.3.1 

21.0 

16.6 

13.8 

Experiment It2 

Vcl.~ precipitant 

33.9 

31.6 

2.9.5 

24.9 

21.6 

in Sol. 

Sol, ------Cel1ulese acetate in Benzyl alcohol, 

ConoEntration, ---1% 

Precipitant, ---Tertiary Butyl alcohol, 

Temp. No. cc '8 Ale. reg' d. V01.% precipitant in Sol. 

60° 132 72. 5 

50° 74 59.7 

400 4.5 47.4 

300 28 35.9 
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Bxperiment 113 

Sol, ----Cellu~ose acetate in Benzyl alcchol, 

Concentration,--2% 

Pr:ecipitant, --Tertiar-y Butyl alcehol, 

Temp. 

60 0 

500 

400 

30 0 

No. ccts ne:. reg'd, 

108.4 

68.2 

42.2 

2:;5.4 

Experiment #4 

Vol.~recipitant 

68.4 

57.7 

45. ? 

33.7 

in Sol. 

Sol, ----Cellulose a~tate in Benzyl alcohol, 

Concentration.-3~ 

Precipitant, -Tertiary Butyl alcohol, 

Temp. No. cc's Alc.reg'd, Vol.% precipitant in Sol. 

600 85.a, 63.0 

500 56.2_ 5a.9 

40° 3'4.8 41.0 

3-0 0 23.6 32.0 

The~e results are shown graphically in Figs I and 11, 

where are plotted in the one case the number ef cc's of 

precipitant required against temperature and in the ether 

case the percentage volume of precipitant present in the 

system. 

No ccmparison can be made, of course, between the 

acetone scl and the benzyl alcohol sels. Different precipitants 

were used in each case and different attractive fcrces 

naturally obtain in each instance. But i t is~: a striking fact 
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that in each of the four trials a definite relationship is 

shown between the ameunt of precipitant required and the 

temperature. Furthermore, the amount of precipi~tant required 

!s-:a':!measure of the amount of free solvent in the scl, because 

the free solvent will naturally be attracted by the precipitant 

before that bound by the particles. The more solvent bound 

by the colloid~particles then, the- less precipitant will be r~ 

quired to desol vate the disperse'; phase sufficiently so that 

it will coagulate. 

Following this line of reasoning then, it is not un­

reasonable to suggest that this method permits of measuring 

the change in the amount of solvation in a dis-persoid with 

change in conditions, relative of course to some standard. 

It may be deduced then from the figure, that the amo.unt of 

solvation decreases regularly as some function ef the 

temperature. Furthermore in the case ef the curves It 11 and 

Ill, th!1t the slope tiecreases from I to III wi.th increasing 

ccncentraticn of disperse phase. The difference in the 

amounts of solvation at higher temperatures is quite appre­

ciable, whereas at lower temperatures this difference is 

much smaller. In ether words. concentration has a much 

greater effect en the amount of solvation at higher tempera­

tures than it has at lower ones. This is probably accounted 

for by the effect on the 1egree of dispersion of different 

concentrations at different temperatures. 

Since the temperature of gelation ef the 2% s01.15 
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slightly lower than that ef the 3%, andlsimilarly that of "the 

1% is lewer than that ef the 2$ sol, we have the interesting 

fact, there is very little difference between the amounts ef 

sc1vation of these sols at the temperature of gelaticn. 

S!lvatien and Time. 

Time has a very decide1 effect en solvation. It exerts 

at first, however. diametri ca l1y opposed effect s:\ in di fferent 

cases. Fer example, it has often been ncticed that the 

viscosity of a rubber sol in benz~ne falls off with time te 

an equilibrium value. Opposed to this, we have the case of the 

gelatien of a gelatin sol en standing. It seems probable 

however that ever len"g periods of time the amount ef solvation 

does decrease in every case, ~s evidence~ by syneresis in the 

case of a gelatin gel. 

Measurement of Solvation. 

A tentative relative method has already been advanced 

for change in solvation with temperature (vide supra). The 

maximu-1ll swelling of a cclloid'lbas alae been used. The SUbstance 

is-; allowed to awell. ani either the weight er vclume increase 

measured. It is ebvious however, that this cannot be a measure 

of the amount of solvation for the latter gces further, every 

molacule" of liquid influenced by the micelle must be locked 

upon as being ccmbined. The viscosity of a solution has also 

been used as a measure of the amount of solvation. But it 

must be borne in mind, that if any sort of structure in a 

sol is admissible, then the viscosity becomes not simply a 
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measure of the inner friction of the system, but is changed 

greatly by the tieformability of this structure. It wculd 

&eem then. that both the viscosity and maximum swelling methcds 

used are open to grave objections. The precipitation methcd 

menticn,ed may prove useful for various relative measurements 

upon more extended trial. 

Theory cf-Solvation. 

Beyond the fact that a part of the continuous phase is 

held bound by the cclloid particles, very little is known 

c·encerning th~orces coming into play. Van Bemmeln( 6) 

classifies the forces as follows: 

1.- Adsorption forces. In this case the solvent is 

held by the surface valencies ef the colloid micelle. These 

forces are very great, instances being observed(7) where as 

much as~:;8% H:a0 remained combined at 200°. In a sens:e, this is 

net true solvation, since a nen-solvated particle would also 

exercise ferces of adsorpticn. 

2.- ADsorption. By this means the major part of the 

sclvent is held. Within the mic:elle, there are prcbably 

present spaces ef cc110id ~imeneicns and here the solvent 

is hel1 enmeshe1. 

Ven Weimarn(8) speaks also ef chemically beundselvent 

but nothing definite is known regarding this~ 

3.-Capillary forces. Wherever spaces of capillary 

dimensions are present. these ceme into play in holding 

the selvent. 
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V'ISCOSITY IN ORUANOPHYLI C SOLS. 

Whether we regard a gel as a liquid-liquid system(9) 

er a solid-liquid system(lO). whether it pessesses ene er 

twe phases, that 8':) firm structure obtains, is undeniable. 

Yet we find a very fluid sel ef low ccncentrati@n setting to 

a gel at a relatively high temperature (loc'ecit.). Some 

change has occured in this transfermatien from sel te gel 

amd this change can take place in ene of twe ways er a 

combination of both. Either the change is gradual towards 

a firm structure er an abrupt transformatien occurs at the 

maximum temperature required for gelation. 

The effect ebvieusly must be wholly ascribed to the 

lowering of temperature since this has been the only chang'e 

made. This effect seems to be twe-fold to the writer. It 

will certainly cause an increased selvation, and hence an 

increa~ed viscosity, and if any leose structure obtains 

in the sol, this structure will be rendered firmer by 

lowering ef temperature, since thermal agitation will not 

be so effective in ~estrcy1ng it. When a temperature has 

been reached, such that, ewing to increased solvatien and 

more definite structure, the latter is sufficiently firm 

te retain a definite ferm, then the change frcm sol to gel 

will have occured. 

Mardles(ll) has determined the Viscosity-temperature 

relationship in sels ef cellulose acetate in benzyl alcchol 

using different conventraticns. In the present investiga-ticn 

this has been extended to several ether sels. 
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Sols ef cellulose acetate were made up in the following 

sclvents: Benzyl alcohol. phenyl ethyl alcohol. ethyl benzc­

ate, s'cetone and oyclohexanone, of different concentrations. 

They were allowed to stand at a temperature of 350-40 0 for 

about one month, when dispersion was complete. 

The visccsities were measured in an ordinary capillary 

viscometer of the Ostw'ald type immersed in a thermcstat. The 

sols were kept above their gelation point throughout. The 

term relative viscosity here is the ratic of the visccsity 

of the dispersoi1 to that of the selvent. 

Experiment #1 

Bb1, ---------Cellulcse acetate in Phenylethyl alcchol, 

C~ncentration,-2% 

Tem!!. 'r.O.F.. Scl'n T. O. F. Solvent R.V. 

330 2880 810 3. 55 

39 2287 650 3.53 

45 1835 528 3.~8 

50 1513 455 3.33 

54 1336 410 ~.2.6 

64 986 317.4 3.11 

Exper imen t #2 
Snl, --------Ce1lulose acetate in Phenylethyl alcohol. 

Ccncentration,--l% 

Temp. 

45° 

50 

54 

64 

'r.O.F. So1'n 

1112 

931 

8M 

630 

T.O.F. Solvent 

528 

455 

410 

317.4 

R.V. 

2 ... 11 

2.05 

a.Ol 

1.97 
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Experiment #3 

Sol, Cellulose acetate in Benzu1 alcohol. 

Concentratlon,2% 

Temp. T .0. F. Sol'n T.O.F.Sclvent R. V. 

a7° 3730 520 7.18 

30.5 3283 483 6.82 

33 2887 446 6.47 

38 2~-68 395 6.00 
?~: :) 

50 1495 291 5.13 

54 1326 265 5.00 

64 996 216 4.61 

Experiment #4 

Sol, ------ Cellulose acetate in Benzyl alcohol. 

Ccnc'entrat i en, 1 % 

Teml!. 

23. 5° 

30.5 

38 

50 

54 

64 

Temp_ 

9° 

G5 

33.7 

T .0. F. Sol'n T. O. F. Solvent 

1690 590 

1338 483 

1044 395 

719 291 

643 265 

498 216 

Experiment #5 

Sol, ------ Cellulose a-cetate in Acetone. 

Concentration, 1% 
T.O.F. Sol'n T.O.F. Solvent 

200.4 52.0 

148.0 47,3 

43.0 

R. V. 

2-.84 

a. 77 

2..64 

2 .. 4.7 

2..43 

2 __ 351 

R.V. 

3.85 

3.13 

3.00 



Tem~. 

gO 

2:5 

33.7 

Temp. 

gO 

2..5 

33.7 

Temp. 

gO 

2-1) 

33.7 

(15) 

~!perim~:nt_ t6 
Sol, ------ Cellulose acetate in Acetone, 

Concentration, ~. 

'r.O.F. Soltn T.O.F. Solvent B. V. 

775.6 52.0 14.90 

513.5 41.3 10.86 

419.3 43.0 9.75 

Experiment #7 

Sol. ------ Cellulose acetate inC,yclohexenone 

Concentration, l~ 

'1'.0.1'. Sol'n 

1406·~ 7 

813.4 

642:. 8 

'1'.0.1'. Solvent 

331.4 

238.6 

206.4 

EXperiment :/18 

R. V. 

4.42 

3.83 

3.11 

Sol. ------ Cellulose acetate in Cyclohexanone, 

Concentration. a~ 

T.a.Y. Sol'n 

4492 

2288 

1676 

'1'.0.1'. Solvent 

331.4 

238.6 

206.4 

R.V. 

13.55 

9.59 

8.12 
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If we ccns11er the results as illustrated graphically 

in Fig'.3&4, several interesting'':'conslusicns seem tempting. 

AB Mardles(lZ} has pointed out, there is certainly no abrupt 

transition from scl te gel. Furthermore, since the measure­

ments were extended as close to the gelatien temperature as 

possible, there is very little 1ifference in the relative 

viscosity of some of the sola with change in temperature, even' 

very close to the point ef gelation. 

Hess(l3), McBa-in(14) and others have pointed eut that 

viscosity measurements in gel-ferming sola may be ef dubious 

value as a measure ef internal friction. McBain takes the 

view that the primary micelles-ferm clusters er aggregatiens 

and further, that these aggregaticns link tegether in a loese 

manner. He insists that by this reasoning only can high 

vis-eesities in seme sels, such as nitre cellulose er rubber, 

be explained. Hatschek(l5) discredits this entirely. He 

q~otes positive micrescopic evidence ef high visccsities 

withcut aggregaticn and further affirms his view that high 

visccsities may be amply explained merely by assuming that 

the aggregates are highly swcllen in bulk, but net at aal 

linked together. 

From evidence ad1uced in the present instance, it 

would seem that there are twc alternatives in reasening. 

Certainly there is little change in the relative viscesities 

ef mest of these sels at different temperatures. If Hatschekts 

view be cerrect, that there is no netwerk ef any sort, it~ 
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would seem necessary te a~sume very highly sclvated aggregates 

at ldgner tenlper-atures, requiring but 11 ttle change to assume 

a definite structure as in A gel. If McBain's view be taken, 

a loose structure must be presumed at higher temperatures, 

wr~ch, with increased solvation and decreased thermal 

ag:1taticn, becemes firmer with fall in temperature. 

McBain views as':' abBel utely untenable Hatechek' s_~ con\-­

tenticn that, in a highly viscous system, the disperse 

phase must have taken in practically the whcle of the disper­

sicn medium. He quotes sorption experiments en nitrocellulose, 

where he finds that nitrocellulose takes only its own weight 

ef solvent. Hatschek deprecates the value ef this evid.ence 

and quite rightly enough. fer sorption experiments can give 

little idea of the magnitude of solvation, since in the 6cl, 

all the solvent influenced by the micelles must be regarded 

as bound. 

In the present instance a methcd at least more direct 

than sorption was tried. A 2% sel cf'cellulese acetate in acet­

cne was prepared an~ distil1e~ water was added slowly with 

vigorous stirring until a permanent, faintly visible preci­

pitate appeared. This was allowed tc aettle cut an1 its 

weight was taken. The swollen mass was then ~ried in an air 

oven at 70° and then in vacuo. The difference in weight was:, 

the amount of solvaticn ef the precipitate which had been 

formed. 

Experiment #1, 

Sol. ------ Cellulose acetate in acetone, 

Concentration, 2% 

Frecip1tant,-- Water, 
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Solvation ef precipitate, -- approx. 700% 

A check en this gave an identical result within experi-

mental error. 

Experim~Ej_l~ (16) 

Sol, ------ Rubber in Benzene~. 

Concentration, 1% 
Precipitant, -- Acetone, 

Solvation of precipitate, -- approx. 1000% 

A check on this gave practically the same results. 

It is difficult, of course, to conjecture just how much 

bearing this has on the true solvation of the sol. At the time 

of appearance of a precipitate, the particles must have been 

already desclvate1 to a large extent, se that the amcunt ef 

actual solvaticn is prcba'bly very much higher than the figures 

quoted above. At any rate, the latter may certainly be ccn-

sidered as being values far tee lew for the actual amcunt ef 

salVation. 

The writer finds it difficult to understand~e twc 

views:·of?McBain and. Hats·chek are considered tc oppcse each 

other absolutely definitely_ McBain assumes a structure ef 

remifying aggregates. But Hatschek(17) himself admits that 

his···well knewn fcrmula: 

I f 
If :: t') -, -_ -3[(f--- ~_ Vel. disp. phase 

~- Total vclume 

expresses a structure, necessarily. Both admit a structure, 

then; the cnly difference being that McBain ascribes this 

structure tc ramifying aggregates. and Hatschek's fcrmula 
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entails the idea of bound sclvent - possibly not true solvation 

but great swollen micelles with practically all of the solvent 

held b~nd. in the case of very visccus:scls. 

It a~~ears to the present writer, first of all, that 

probably ne two sols are alike in structure, Wi th chang-e in 

temperature, the change in relative viscesity in seme instances 

is very slight, in ethers very marked. In experiment #1 (vide 

supra), the change in relative viscosity is very small over 

a range of 31c • On the basis of Hatschek's idea, this would 

have to be accounted fer by a very small change in sclveticn, 

But this:: is not at all compatible with data en the change of 

solvation with temperature. It wouln seem that scme structure 

obtains here, constituting the chief facter causing visccsity 

in t-he sol. On the ether hand, in experiment #a, change in 

temperature causes a very marked difference in relative 

Viscosity. Here, cJlsnge in the ameunt ef solvation with 

temperature can acceunt for the change in viscesity. 

There ie ef course ne dcubt that solvation is a facter 

tc be reckoned with in all cases in dealing with Viscosity. 

But from the evidence- adduced, it seems very deubtful as to 

whether 1 t is the only factor. A leose structure ef seme sort 

tcget·her v/1th solvation wculd certainly account for scme 

observations much better than solvation a1ene. The selution 

might very prebably lie in a cempromise between the twc. In 

that case, both factors would play a part in the viscosity 

of every se1. Owing to inherent preperties of each sol, 

however, and the special ferces ebtaining between dispersien 

medium and disperse phase in each case, the relative strengths 
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of these twe facters would be· different in each instance. A 

predeminance ef ene er ctheref these forces weuld result in 

such properties ef a particular sol as ease of gelation, 

variability of viscosity with temperature. etc~. 

It is interesting to note that a sol of cellulose- acetate­

in phenylethyl alcohol of 2% concentration gelled when allowed 

to stand at a temperature of 35°. Successive gelation and 

solation wae found to have only a very small effect cn the 

viseos1ty of these sels, th.e figures varying to 8 small extent 

abeut a mean value. 
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VISCOSITIES OY~SOME RUBBER SOLS • 
• rC'":.ee ~ vc E.. • • . ___ 

Kirchhof(18) has determined the viscosities ef sels;: ef 

rubber- in several solvents and'~has calculated the volume ef 

the' dispers"e phase relative te the dispersien medium, en the 

basis ef Hats"chek's equation. 

tn- Vel. ef disp~rseJhase 
"Y- Tetal volume 

Pos~jak(19) determined the ameunts ef these sclvents taken up 

by rubber at equilibrium. using the sorpticn methed. 

Hatschek(20). en the basis ef the abeve wcrk, has. 

generalized to the effect that rubber swells mere in the ~ 

soluticns in which it exhibits high viscesities. Frem the 

discussien in the previeus sectien, it may be readily seen 

that Hats'chek censiders this important evidence for his theory 

that viscesity in a lyophylic sel depends upon selvatien or 

swelling. 

It was found alse by Knoevenagel and Bregenzer(21) 1n 

tlfe case of acetccellulose, that liquids which produced greater 

swelling-prier to dispersion gave more viscous solutions than 

liquids which produced smaller swelling. Duclaux(22) en the 

ether hand ccnsiders it impossible to explain viscosity on 

the basis of selvation from his data. 

Conclusions were drawn in each ef the above instances 

from cemparatively few examples. In the present work, the 

number of sols used has been much extended. covering a- variety 

of types ef selvent. 
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Preparation ot Se1s'. 
, . - . 

Pale er-ape of good quality was ex~racted for a week at 

room temperature with a ?5-~ acetcne-~etroleum ether mixture. 

The extraction medium was renewed every 48 hours~ Then the 
• t 

crepe ws·s cut up finely and dried in vacuo for three days. 

Whenever impurity was suspected, the solvent was purified 

by tractional distillation. Solutions were mane up to 8 con­

centration ot O.3aa gms per 100 ccts ot solvent. To obviate 

evaporation in the case of the lcw boiling solvents, tin foil 

was wrapped around the stoppers and the latter were.-sealed 

with paraffin. The solutions3were kept in a dark cupboard at 

room temperature and shaken frequently. 
, 

At the end of two weeks, the Bclvents'2 could be divided 

inte three classes with respect to their ability to dissolve 

rubber quickly. 
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Group I All the r~bber in solution. 

Group 11 Nearly all the rubber disselved 

Grcup III - Rubber highly swollen, but only 

partly in sclution. 

Group 'J 

Ethyl iodide 
Anisole 
Piperidine 
Benzyl chloride 
Ethyl salicylate 
Benzc-trichlcride 
l~ethyl iodide 
Diethyl aniline 
Iso-Butyl chloride 
Safrol 
.ACetal 
Ethylpropyl ketene 
D1prcpyl amine 
Methyl cyclchexane 
Benzal chlorine 
Tetralin 
Phenetole 
Dimethyl aniline 
Iso-Butyl salicylate 
IsoAmyl benzoate 
Isa-Butyl benzoate 
Dichloracetic acid 
Iso-Amyl acetate 
Benzene 
Ethyl benzoate 
Phenyl mustard ei1 

Group 11 

N-Butyl ether 
Iso-Amyl salicylate 
O-Tolyl mustard ei1 
Iso-Sarrel 
N-Butyl benzoate 
Chloroform 
Carbon tetrachloride 

Group III 

Caprylic a'cid 
Pentane 
Hexane 
Heptane 
Octane 
Methyl n-butyrate 
Heptaldehyde 
N-Bytyl thiocyanate 
N-Heptylic acid 
Pelargcnic acid 
N-Buty1 a.niline 

The viBccsities~of these sols were measured in an ordi-

nary Ostwald Viscometer. immersed in a thermostat constant te 

0.0020 • By relative viscosity is meant the ratic ef the visco­

sity ef the solution to that of the pure solvent. The figures 

given fer the swelling in gms ef solvent taken up per gm ef 

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

The-figures fer swelling in cc's ef solvent taken up per gm ef 

rubber, were calculated on these. The dielectric ccnstants ef 

the solvents,when obtainable, were taken frem Landclt-B~rnstein. 
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No. 
ToO. F. Swellin~ 

. Solvent Solvtt Sol'n ReI. vts. D.K. - gms/gm cc s/cc 

1 Acetal 68.1 72.8 1.068 3.45 10.13 12.3 

2 Ethyl iodide 34.9 37.7 1.080 7. 42 v.Ilteat v.gre·~ 

3 Anisole 112-,2 302.7 2.698 4.35 12.72 --
4 Ss·-rrol 236.8 557,6 2.355 3.06 9. 51 

5 Methyl iodide 26.7 40.6 1.745 7.1 v.great v.great 

6 Tetralin 237.8 483.9 2.03'5 -- -- --
'1 Phenetole 130.6 3'87.8 2.969 -- 12.90 13.4 

8 Diethyl anil. 230.6 391.0 1.·695 -- 9.62 10.4 

9 Benzal chler. 160.6 242.8 1. 512. 10.11 7.7 

10 Dichleracetic 466.4 493.4 1.058 8.22 7.9 5.1 
acid 

11 Dimethyl anil. 152.1 335.8 2.207 5.07 12. 55 13.1 

12 Ethyl benzoate 205.6 301.9 1.468 6.78 6. 5 

13 iwAayl It 372.6 401.8 1.079 -- 8.2., 8.3 • 

14 Tert.Butyl chIo 63.8 71.2 1.116 -- -- ... -
ride G ~~ 

15 Methylcyclohex 96.5 142_.6 1.478 -- 24.00 31.2 
ane 

16 i-Amyl aoetate 45.0 165,5 3.678 -- 8.65 10.0 

17 Phenyl mustard 135.2.: 410.0 3.030 -- 14.80 13.0 
cil 

18 O'Tolyl .. 1'16.4 497.6 2.921 -- 15. '7 14.3 

19 Diprepy1amine 76.6 2.16,7 2.828 5. 51 7. 5 

2-0 Benzene 75.6 302.8 4.005 24.22 27. '7 

2.1 Ethy1eslicyla- 269.4 512.6 1.903 8.39 6. 56 5.7 
te 

22 i-Butyl benzo- 315.1 395.6 1.2::55 5.39 8.04 8.04 
ate 

2..3 Benzotrichlo- 245.6 451.8 1.839 --
ride 

2-4 Benzyl ch1crid~'27.0 150.3 1.183 -- 13.21 la.O 

25 It-Butyl Benzo- 307.2' 533.6 1.737 7.76 7,76 , 
ate 

26 Toluene 72.4 383.0 5.290 25.6 29.8 

2!1 Xylene 79.4 430.4 5.42-1 26.4 30.7 

28 Piperidine 258. 5 618.4 2.392 12.3 14.3 
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Hatschek. as mentioned earlier, has correlated high 

swelling with high viscosity en the basis ef solutions ef 

rubber in benzene and in several halogenated hydrocarbons. 

If the relative viscosities ef the various solvents be 

compared with their swelling power in the last column, ne 

sweeping generalization such as that made by Hatschek is 

observable. There appears no general relation between visco­

sity and swelling in the 28 solvents tested. 

However a more detailed analysis of the figures does 

disclose some interestin~ relationships which appear to be 

too regular to be a matter of chance. If we separate the 

solvents into groups according to structure, we observe that 

the hypothesis-higher viscosity with higher swelling-does 

seem to hold for each particular greup. The swelling power 

is the number of cc's ef the solvent taken up by the rubber 

in swelling. 

Solvent 

Benzene 

Toluene 

Xylene 

Selvent 

Safrol 

Ailiscle 

Phenetcle 

T ABLE I - HYDRO CARBONS • ................... .-.... •. ......----.~~~=_c_ ~ 

Relative Viscosit~ 

4.005 

5.290 

5.421 

TABLE I I - ET HmS 
I •• _,...~ ... 

2.355 

2.698 

2,.969 

Swelling Power 

27.7 

29.8 

30.7 

Swelling Pswe£, 

8.7 

12.7 

13.4 
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_T_AB_LE ___ ... I;;.,;;;I;..-I~= _ HALOGENAf'E£. HYDRO CARBONS 

Solvent 

Benzyl chloride 

Benzal chloride 

Benzc-trichloride 

Relativ~ vJ~s~1.t~ 

1.183 

1. 512 

1.839 

Swe11iELPower 

2.6 

3.1 

4.0 

Swelling data available fer vulcanized rubber only. 

TABLE 11-: AMI1~ 

Solvent 

Diethyl aniline 

Dimethyl aniline 

Piperidine 

Diprcpyl amine 

Solvent 

Ethyl iodide 

Methyl iodide 

Solvent 

Methyl cyclohexane 

Tetralin 

Relative Y1~ccsity 

1.695 

2.?.J) 7 

2.392 .. 

2.828 

r-ABLE V 

Relative V1!££~jty 

1.080 

1.745 

TABLE VI -
Re1ativ~ Yj~ccsity 

1.478 

2 .• 035 

Swelling data fer vulcanized sheet. 

Swell ins-Fowe!. 

10.4 

13.1 

14.3 

7.5 

Swelling Power 

4.2 

4.8 

Swelling P9wer 

2.6 

5.0 
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TABLE Y"I.L=.JSTJi1RS 

Solvent Relatiy~_yiscosity Swelling Power 

Iso-Amyl benzoate 1.079 8.3 

lse-Butyl benzoate 1.2-55 8.04 

Ethyl benzoate 1.468 6.5 

N-Butyl benzoate 1.737 7.76 

Ethyl salicylate 1.903 6. 56 

lse-Amyl acetate 3.678 10.0 

In the case er the hydrocarbons. the relative viscesi -

ties ef the solutions rise regularly with rise in swelling 

power of the solvent, frem benzene through toluene to Xylene, 

In the ethers we have the same regularity from safrel threugh 

anisole to phenetele. In the halogenated aromatic:. hydrocarbons 

the rule helds from benzyl chloride through benzylidene 

chloride to benze-trichloride. It is interesting to note that 

toluene, the parent compound of these three derivatives, gives 

a relative viscosity much higher than the others. 

In the amines. we observe the regularity from diethyl 

aniline, 1imethy1 aniline, to piperidine, but diprcpyl amine 

forms an exception. Ethyl an1 methyl iodide ebey the rule as 

de methyl cyclohexane and tetralin. 

In the case ef the esters, however. e.1 though iso-amyl 

acetate shows the highest swelling power and a solution of 

highest viscosity, the swelling powers ot the others are 

very nearly the same while the viscosities differ. It may 

be contended here that in spite ef being grouped under the 

same ~eneral heading of esters. they differ rather mere wide­

ly than the members of the ether groups. The swelling pewers 
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and v1scosities in the case ef the two mustard ei1s are almost 

the same so that they really ferm nc exception. 

Although much additional informatien is required in 

this matter, it dees seem as though these relationships can­

net be ascribed to chance, and that they de appear to lend 

support te Hatschek's centention ef higher viscesity with 

higher swelling pewer - but only if the latter be amended to 

the effect that we must consider each class ef sUbstanc.es 

separately. This would c~rtainly lead tc the belief that sel­

vatien is a very impertant facter irt viscosity, but not 

necessarily that ramifying aggregates play ne part in the 

matter. 

Just why a cemparison evidently can be made cnly amcng 

the members ef the same group is net clear. Why should diethyl 

aniline and isc-amyl acetate, wh.ich swell rubber to practically 

the same extent, give soluticns ef such widely varying viscc­

sities - 1.695 and 3.678 respectively? ; plausible reasen lies 

in the fact that we are not taking into account here solvation 

in its widest sense. It is ncasible fer example thayihe forces 

acting upon the solvent in the isc-amyl acetate sel are such 

that moresclvent is bcund in scme manner than in the case 

ef the diethyl aniline se1. This may net be true sclvaticn, 

but it must be borne in mind that all ef the solvent which 

is influenced by the disperse phase will affect the viscosity 

of the system. 



(29 ) 

CemparisPE_s! __ !l?e. Jisc£!.iti~!. ef Fubber s£l!-with meta-stYr~ 

sels in tP~_~~~~~ispe!!icn media. 

The viscesities ef varieus meta-styrene sels have been 

determined(24). It is interesting to cempare the relative 

visccsities of the sels ef this substance with these ef 

rubber; invclving two unsaturated hydrocarbona~in a polymer­

ized state, cf the same general nature as evidenced be the 

character ef the liquids which they imbibe, the very small 

change of the viscesities ef their sols with change in temper­

at ur e ( 2.5) , et c. 

The sels were all ef the same concentration - O.32~8 gms 

per 100 ccts. The table is listed in the erder of the relative 

viscesities cf the meta-styrene sols. 

Re la t i ve_ Y1!£S-_S _ ..... i t-"'3. ... ___ _ 

Solvent - -,.. -
·ACetal 

Kthyl iodide 

Diethyl aniline 

Ethyl benzoate 

Methyl iodide 

Toluene 

Anisole 

Xylene 

Benzene 

Meta-Eyrene 

1.784 

2.32() 

2.710 

2.817 

2.912. 

3.02.3 

3.2.31 

3.369 

3. 518 

Rubber 
I p • 

1.0e8 

1.080 

1.695 

1.468 

1.745 

5.290 

2.698 

5.421 

4.005 
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The relative viscesities in the case of the rubber sols 

are much lower than these ef the meta-styrene sels in every 

case except those where the aromatic hydrocarbons are used 

a-s selvents, in which instances those ef the rubber~ sols 

are much higher. With the exception of the aromatic hydro­

carbons, although they alse take positions in the last part 

ot each list. there a~~ears broadly the same order in each 

list. 
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PHJajIFIl'ATl91 OF 03QhNOP1qLIC COLLOIDS 

Whitby(26) has 1iscussed the relatien between the 

chemical character ef the erganephylic celleids and the 

liquids which they imbibe. In the course ef measurements 

ef the swelling ef rubber, beth raw and vulcanized, in 

mere than 350 organic liquids, very many regularities-~have 

been observed. It has been found that there exists a very 

definite relationship between the swelling pewer of an 

organic liquid for rubber, 9.nd its pelari ty. 

Rubber is a hyorccarben ef a nen-polar character, and 

with very few exceptions, only non-pelar liquids will be 

imbibed by it. Cellulose acetate, en the other hand, an 

ester of a fatty acid of low molecular weight, is a pelar 

sUbstance and will in general swell only in liquids ef a 

polar nature. 

Very many examples ef this relationship might readily 

be adduced. As typical examples may be cited the follewing. 

EYdrecarbens in general are solvents fer rubber and nen-solvents 

for the cellulose eaters. Aniline, a very polar liquid. is a 

selvent fer cellulose esters but id net imbibed by rubber. 

Ncetyl chlcride is a sclvent fer rubber but net fer cellulose 

acetate. 

Selvents fer a non-polsE SUbstance such as rubber. 

then, in general are net imbibed by the mere polar cellulose 

esters and conversely, organic liqui~s. which will disperse the 

latter will net swell rubber. As- has been previcusly stated, 

solvatien is the great stabilizing facter in an crganophylic 
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sol, hence if the micelles be de-solvated, the system will 

become unstable and the. dispersed phase will coagulate. 

It has been found to be very often the case that a 

swelling agent fer rubber has the power to de-solvate and 

precipitate the cellulose esters frcm solution, and the 

reverse also. For example., such materials as acetone, methyl 

acetate, acetenitrile, ethyl exalate, etc., are all solvents 

fer cellulose acetate and are precipitants fer rubber. On the 

other hand, 2. liquid such as hexane will precipitate the 

cellulose esters from their solutions, but is imbibed by rubber 
. , 

In any series of compounds containing the same active gro 

group, usually the polarity ef the lower members is greater 

than that ef the higher cnes. In such a series, we find that 

the solvent pewer ef the liquid decreases as we go up the serieS 

At the same time, what might be termed the negative solvent 

power or the precipitability for rubber decreases as we go 

up the series, until we reach cempounds which are actually 

imbibed by rubber. 

AS will be shown, very often in a series ef compounds 

ef.the same type, the lewer members 1ecrease regularly in 

their precipitating pewer for rubber, the next few members 

will not preCipitate rubber nor swell it to any extent, then 

higher still we enccunter increased swellability fer rubber 

with increasing chain lengtb. 

The method of preCipitation has been discussen in a 

previcus section. The rubber sel used was the same in all 

cases - a dispersicn of smcked sheet in benzene of concent­

raticn 1 gm per 100 cc·s. 
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The precipitant was added slowly with vigorous stirring 

frem a burette with divisions ef 0.05 cc. The end point was 

ebtained sharply as 8 first permanent turbidity, observed by 

the aid ef a high-power lamp. Check experiments showed an 

experimental error ef 2 - 3 parts in a hundred, 5 cets~or 

rubber sel was used each time. 

Preeip1~ant 

Methyl sl eche 1 

Ethyl It 

N-Prcpyl .. 
A:l1yl .. 
I-Prcpyl .. 
Benzyl " 
N-Butyl .. 
Amyl " 
I-Butyl fl 

I-Amyl .. 
Hexyl It 

CycleheJtYl .. 
Heptyl .. 
Oetyl It 

TAlBLE I - ALCOHOLS 

No. ccts_~e£l'd Vel. 

0.95 

1,75 

2~20 

2.40 

2.85 

3.35 

4.85 

5.3() 

5.40 

6.2 . .5 

8.95 

12.65 

Net a precipitant, 

Swelling agent. 

% Free. 

15.9 

2.:5.9 

30. 5 

32.4 

36.3 

40.1 

49.2,---, 

51. 4~ 

51.9 

55. 5 

64.1 

71.6 

D.K. 

31. 5 

20.8 

13.8 

13.8 

10.6 

8.8 

6.6 

8.0 

5. '1 

The figures in the secend column represent the number 

of cc's;of precipitant added to produce turbidity and in the 

next column are given the percentages by volume ef the preCi­

pitant in the whole system at the end-point. The dielectric 

constants are those given in the Tabe11en ef Landclt­

Bornstein. 
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The precipitating power varies-- inversely as the amount 

of the precipitant necessary to desolvate the disperse phase 

to the same extent. Rubber, a non-polar substance, is preci-

pitated most efficiently in this series by the most polar 

member, methyl alcohol. All these alcohols~ contain one 

active hydroxyl group. As the neutralizing hydrocarbon 

chain is lengthened, or to put it in another form, as the 

centre of electro-magnetic mass is shifted farther and 

farther away from the active group. the polarity of the 

molecule lessens, and consequently the precipitating power 

is lessened. This holds truer fer the alcohols with no excep­

tions. 

The straight unbranche1-chain alcchols are regular. 

Allyl alcohol fits in between the normal and isc propyl 

compounds. Benzyl alcohol, the molecule of which comprises 

a ring structure, is intermediate in precipitating power 

between iso-propyl and butyl alcchols. Isc-butyl alcohol is 

not 8S efficient a~YR!amyl ccmpound, but isc-amyl alcohol 

is a better precipitant than n-hexyl alcchol. Cyclohexanol 

ranks the last ef the alcohcl precipitants 1ue tc the ring 

structure and heptyl alcohol will neither precipitate rubber 

frcnn its solution nor will it swell rubber to any extent. 

The next member, cctyl alcohol, is a weak swelling agent fer 

rubber. 

A discussion on the forces~involved in a series ef 

precipitaticns of this sort, has been included in the section 

on "Solvation." 



Precipitant 

Dimethyl ketene 

Methylethyl 

Diethyl 

Ethylpropyl 

Dipropyl 

•• 

.. 

.. 

.. 

T ABLE I I - KETONES 

No, cc's req'd 

3.95 

11.55 

Swelling agent, 

et 

.. 

Vol. ~ Pree·. 

44.1 

70.0 
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D.K. 

2.1. 5 

17.8 

17.0 

Dimethyl ketene or acetone, the lowest member of the 

series, is a geod precipitant fer rubber. Methy1ethyl 

ketone is alse a precipitant but is far less powerful as 

such than the lower homologue. The next member, diethyl 

ketene, has actually the power to swell rubber, and this:. 

swelling power increases through ethy1propy1 ketone to 

tiiprcpyl ketene. 

Precipitant 

Aniline 

Methyl aniline 

Ethyl aniJine 

Propyl aniline 

Butyl aniline 

TABLE I I I - BASES 

No. cc's req~ 

3.2 .. 

14.75 

30 

Swelling agent 

• 

Vol. % Pr'ec, 

39.0 

74.7 

D.K. 

7.3 

6.0 

5.9 

The same rule holds in the case of the subztituted 

ani1ines. The first two are precipitating agents, ethyl 

aniline i~eal1y on the border line between a swelling 

agent an1 precipitant an~ the last two are swelling agents 

fer rubber. 
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TABLE--L~ - SUBSTITUTED HYDROXY COMPOUNDS 

Precipitant No. cc's reg'd Vol. % Pree. 

Ethylene glycel Insoluble in benzene, 

Chlcrhydrln 1.76 26.0 

Ethylene glycol di- 2.12 29.7 
acetate 

Dichlorhydrin, aa, 2.80 36.0 

Ethylene glycol itself Is inseluble in benzene and 

ceuld net be used. As we would expect, the mone-chlor 

compound is more effective as a precipitant than the di­

sUbstituted glycol and the latter is in turn more effective 

than the glycerol ierivative where the polarity ef the 

molecule is lessened by symmetry. The erder of polarity en 

this basis would run as fellows: 

C1I2 C1 
I 

(1) CK,aCl 

precipitant 

Hydrogen acetate 

Methyl acetate 

Phenyl .. 
.. Ethyl 

Phenylmethyl 

N-Prcpyl 

Amyl 

tI 

• 
.. 

CRzOCOCH3 I 
(2 ) CRz°COC~ 

TABLE V - ACETATES 

No. ccts reg'd 

2.90 

4.40 

6.05 

9.15 

14.70 

2D cc t s brought 

Swelling agent 

C~Cl 
I 

(3) C~OH , 
C~Cl 

Vol. ~ Frec. D.K. 

36.7 6.2.9 

46.8 7.03 

54:. 7 5.2:9 

64.7 5.85 

74.6 -~ 

faint cloudiness, 5.65 

4.81 

In this series the ac11 ra~1cle is the same in all the 

members and various grcups have been substituted fer the 
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hydrogen of -the acetic·--acid. Phenyl acetate assumes~· a pcsi­

tion intermediate betw'een the methyl and ethyl ccmpounds 

and phenyl methyl er benzyl acetate between the ethyl and 

propyl compounds. Normal propyl acetate is on the berder 

line as regards swelling and precipitating power and amyl 

acetate is a decided swelling agent. 

TABLE VI - ETHYL ESTERS 

Precipitant Ne,cc's reqtd Vol. % Frec. D.K. 

Ethyl Fermate 2.00 28.6 

.. oxalate 2:. 78 3:::5.7 

• acetate 9.15 64.6 5.85 

.. prepionate 20 cc's brought faint clcudiness, 

" butyrate Swelling agent, 

" valerate " It 

In contrast to the precipitants of Table V, the members 

of this series have the same positive group and differ in 

their acid radicles. Ethyl oxalate is intermetiiate between 

ethyl fermate and ethyl acetAte. Ethyl propionate is the 

border line compound in this series, which ranges from an 

excellent precipitant in ethyl formate te a goed swelling 

agent in ethyl valerate. The same holds:;; true, of course, 

for series ef compounds using methyl groups, propyl groups, 

etc •• For example methyl acetate is a goed precipitant fer 

rubber whereas methyl n-butyrate is a swelling agent. 

Acetic acid (D.K.-6) was found to be a much better 

preCipitant than propionic acid (D.K.-about 3). Acetophenone 

was found to be on the berder line - a pocr preCipitating 

agent and alse a poer swelling agent. Benzyl benzoate - an 

ester of comparatively lowpelarity was feun1 to be a peor 
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precipitant for rubber. 

Precipitating power and Dielectric Censtant. 

Since the precipitating power of an erganic liquid 

evidently varies with the polar! ty and the latter runs.:, 

parallel with its dielectric constant, it might be expected 

that there!"would be a relationship shewn between the precipi­

tating power ef a compound and its dielectric ccnstant. The 

literAture however is very incomplete in the matter of 

dielectric censtants, and those that are given are net 

altogether reliable for several reasens. Many different 

workers have ccntributed information in this field using 

different precedures based en unrelated thecretical con­

Siderations, working at different temperatures and using 

different frequencies. The latter two facters are extremely 

important in dielectric censtant determinaticns and the 

figures:· quoted in the tables above were determined in the 

majcrity, at the same temperature and at the same frequency, 

(namely 180 and 91 cm resp.). 

There is, however, a bread relationship between the 

precipitating pcwer and dielectric ccnstqnt. If we examine 

Table It for instance, we see that with drop in ~ielectric 

ccnstant, the precipitating power alse decreases, an1 the 

swelling power naturally increases. In Table Ill, the anilines J 

the parallelisln holds and in Table V also, with the exception 

of phenyl acetate. The first member being an acid, it cannct 

be ccnsistently ccmpared with the remainder of the series. 
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-It might be pointed cut that here a1-so, as:; in the 

section cn ·Visccsities of Rubber Sola·, ccmpariscns can be 

made only among members ef the same group of compeunds. Et~l 

aniline and ethyl acetate have approximately equal dielectric 

constants, but their respective powers of precipitating rubber 

from its sclution 'in benzene are widely different. 
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FRACTIONATION OF POLY VINYI~ ACETATE 

W-ith the exception of a paper by Staudinger, Frey and 

Stark(a~) which has ap~eared since the present work was com­

plete, references to poly vinyl acetate have been ccnfined 

to the patent literature. The: results of the investigation 

in this section have already been embcdie1 in a paper 

communi cate1 el sewhere (2-8). 

Vinyl acetate, ~n unsaturated ester beiling at 74c C, may 

be readily polymerized either by the acticn of heat or with the 

aid of catalysts. The resultant product is a tough, fibrous 

mass, greyish white in ccler. On being swollen er heated, the 

substance acquires prenounced- elastic prcperties, the extent 

of which has been measured(29). 

Since it yields colloidal solutions in certain types 

of crganic selvents, it may be classed with such materials 

as rubber, the cellulose esters, etc., as an crgancphylic 

colloid. As might be anticipated, it belongs to the greup 

of more polar compeunds such as the cellulese esters, in 

contradistinction to such materials as rubber and meta­

styrene. One important exception however was found: pcly 

vinyl acetqte, although net soluble in the paraffin hydro­

carbons, is seluble in the aromatic hydrocarbons. 

A Very ccnsi1erable number of polymerized substances 

have been shown to be mixtures ef material in various stages 

of polymerization. As example~ight be cited pcly-indene(30, 

31), poly cinnamal fluorene(32), meta-styrene(33), etc. 
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It is probs'ble that the polymerization may be repre­

senteti as following one of the following two sChemes(3-4}: 

CII :::;. cfl~ 
I _",> 
Q -co- CH3 

-\ 
..:l 

- -- Ci-l -__ H - --I C H"2. - C , ... ?... - ~ H ---- C 

o· Co • c .... 3 <! 0 • co ~ J.4 ~ 

It may be seen frcm ccnsi1eraticn ef either possibility 

that there is no reason fer believ~gthat any specified number 

of molecules will unite to form a larger unit. The size of the 

latter will be determined only by the strength ef the bends 

joining the carbon atoms into one structural unit, and will 

be limited probably only by the instability caused by very 

large size. Hence it is not ~ifficult to perceive the inter­

pretation of the experimental results. 

When the original vinyl acetate is subjected to poly­

merizing conditions, any number of single mclecules( up to 

a certain maximum) can join together to ferm a larger unit 

and there will result a heterogeneous mixture of these 

various materials of different grades of polymerization. 

Since then polymers of varying molecular weight are prc-

bably intimately mixed in the structure of the whcle material, 

it seems justified to sup~cse for the present at least, that 

their relation tc cne ancther is such that the whcle ccn-

stitutes a solid solution. 



The rough fractionaticn ef these varicus polymers 

depends upon their varying solubility in the organic liquids 

which they imbibe. It was fcund that the polymers ef lower 

molecular magnitude are far mere reariily soluble than the 

mere highly polymerized ones and conversely, the latter 

could be more readily precipitated from soluticn than the 

former. Although fractions obtained in this way are. of course, 

still heterogeneous, in the present work the range of mole-

cular magnitudes found after one fractionaticn, was surpri-

singly wide. 

Preparatien of Polymer. 

The writer is indebted to Mr Katz; ef this Department, 

fer carrying out the polymerization. A sample ef vinyl aceta. 

te was distilled and that porticn was collected which came 

ever at 73.5e - 74C• 100 gms, te which 0.1 gm cf benzeyl 

peroxide had been added, was heated under reflux by means 

ef a hot plate placed a short 1istance underneath. After 

refluxing had proceeded fer 45 minutes, a vigcrous reacticn 

occured, the temperature rcse suddenly to 850-90° and poly-

merization commenced, the liquid beginning tc thicken. Heating 

was continued fer three hours in all, at the end ef which time' , 

refluxing had ceased. 

The transparent, ~lass-like sclid present en cocling, 

ceuld be readily separated into two layers - an upper, soft, 

"rubbery" part (52.95 grus), and a lower, harder t resinous 

part (46.0 gms). The latter clearly represented a part ef 

the vinyl acetate which ha~ set to a solid during the 

ini tiel vigoreus reacticn and had then been heated while the 
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remainder of the liquid was refluxing and gradually under­

gOing polymerization. 

Fractionaticn of the pOlymer. 

Eaeh of the above mentioned polymers was dissolved 

in acetone, solution being quite slew. They were then 

precipitated from the soluticns by the addition of distilled 

water and drie~ in vacuo. This process ef solution and 

precipi tation was repeated three times~: and the resul t~nt 

pure products were carefully dried. 

A: piece of each pcl:>rmer was then placed in acetone, 

and as solution prcceeded, the supernatant liquid over the 

swollen mass was poured off and the solvent renewed. From 

each polymer, solutions representing four fractions were ob­

tained in this way. The fractions were precipitated by water 

and dried in vacuo. They varied from pure to greyish white, 

although no definite distinction ccul~ be noticed among the 

fractions ef the original low and high pol~~ers in extensi­

bility. All the fractions were fibrcus an1 tough at room 

temper~ture and very extensible and elastic at higher tempe­

ratures. 

Molecular Weights- of the Fractions. 

Molecular weight determinaticns were made cryoscopical­

ly both in benzene and in bromoform. The procedure followed 

was the usual cne: 0.4 gm of the polymer together with 20cc·s 

of benzene were placed in the inner tube of a freeZing-point 

apparatus. After solution had taken place, the freezing pcint 
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of the soluticn was measured several times en a Beckmann 

thermometer reading to 0.001 0 • The freezing point of the 

same sample of benzene was then taken and the melecular 

weight ef the polymer was calculated from the equation: 

100 kW 
W' T 

Where M Melecular weight, 
k Freezing point constant ef benzene, 
W' Weight ef the ~isso1ved substance, 
T Lowering of the freezing pOint. 

A similar proce1ure was used in the case of the 

determinaticns using bromoferm.Both the benzene and 

bromeform were carefully purified befere use. The following 

were the results ebtained. 

TABLE I - Mcl. wts. in Benzene. 

A - Softer polymer, B - Harder polymer. 

Fraction Mol. wt Aggregation 

1st 481 6 

2nd 898 10 
A) 

3rd 1198 14 

4th 1376 16 

1st 566 7 

2nd laBl 15 
B) 

3rd 3483 41 

4th 6192 72 

Aggregatien - refers to the average number of.molecules 

united tc form a 1argerunit. 
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T'ABIE II - Me1. wts in Bromoform 

A - Softer polymer, B - Harder polymer. 

Fraction Mc1. wt Aggregation 

1st 400 5 

2nd 747 9 
A) 

3rd 1068 12 

4th 1450 17 

1st 462~, 5 

2nd 1150 14 
B) 

3rd 3200 37 

4th 5000 60 

The melecular weights ef the fracticns=:;in the two 

solvents are not strictly concordant but this is net surpri­

Sing under the circumstances. The organophylic colloids, 

selvated in the one case by benzene and in the other by 

bromoform, might well change sufficiently in aggregation 

to account fer the 1ifference. 

Vlscosities of the fractions. 

Solutions ef the varicus fracticns were made up in 

benzene to the same concentration - 0.328 gm per 100 cc's ef 

solvent. The viscosity measurements were made in an Ostwald 

viscemeter immersed in a thermostat with the temperature 

constant to o.ooa9. The relative viscosity is the ratio of 

the time ef flow of the so.lution to that ef the pure sol­

vent, (in seconds). 
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TABLE III 

A - Sefter pclymer, 13 - Harder pc lymer. 

Fra-ction Time of flew Rel. visccsity 

1st 100.0 1.333 

2nd 118.0 1.561 
A) 

3rd 174.2 2.304 

4th 4-19.6 3.700 

1st 98.·5 1.303 

2nd 206.0 2.725 
B) 

3rd 444.4 5.878 

4th 634.a 8.3:89 

Time of flow of pure solvent - 75.6 seconds. 

Pely vinyl acetate, then, is undoubtedly heterogeneous, 

the product preparea by the aid cf benzoyl percxi1e being 

separable into fracticns ranging from one having a molecular 

weight of 566 te one haVing a molecular weight cf 6192 in 

benzene. The harder pclymer, as expected, yielded fractions 

ef much higher molecular weight than those of the sefter 

polymer. The viscosity of sols of the same ccncentration 

made of the various fractions is greater, the higher the 

state of pclymerization which the fraction represent. Al­

though, since only one fracticnaticn was carried cut and the 

fractions themselves are un10ubtedly still heterogeneous, 

a linear relation seems to obtain between the grade ef 

pclymerizatien and the visccsity of the scl in benzene, 

thcugh this relaticn is cnly an approximate cne. 
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It is worth noting that the visccaities of sols of 

this specimen of a given molecular magnitude, are much 

higher than those ef sola ef the specimens examined by 

Staudinger, Frey an1 Stark(35). The latter were commercial 

specimens and the exact method of polymerization followed 

is not dercribed. 

Catalysts in the polymerization of Vinyl a~et~te. 

In order to determine which of the commoner inorganic 

compounds - particularly ha1i1es anri oxides - could be used 

as catalysts in the polymerization cf vinyl acetate, the 

following qualitative experiments were carried out. 

A 20% solution of vinyl acetate in chlorcfcrm was 

made up and saturAted soluticns of the following ccmpounds 

in chloroform were alse preparei. The s~lubility of some 

of these compounds in chloroform is relatively small, but 

a very small amount only is sufficient to show catalysis: 

in a qualitative way_ 

~~timcny pentachloride 
A'cetic acid 
Zinc chloride 
Z'inc brcmide 
Vanadium chlorid.e 
Aluminium chloride 
Aluminium brcmi~e 
Phosphorus pentachlcride 
Benzoyl p~rcxide 
Antimony trichloride 
Mercuric chlcri~e 
Sodium percxide 
Leati percxide 
Arsenic trichloride 

Thorium bromide 
Ferrous chloride 
Ferrcus brcmide 
Bismuth trichloride 
Silicon tetrachloride 
Chrcmium chloride 
Cuprcus chlcride 
Cupric chloride 
Lead icdide 
Titanium chloride 
Benzoyl chlcri1e 
Copper cxy-chloride 
stannous chloride 
Stannic chlcride 

Two cc's of the solution of the catalyst in chloro­

form were added to abcut 20 cc's of the vinyl acetate 
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solution and allowed to stand for three days. Petroleum 

ether (fra~tion of boiling point 350 to 40 C ) was used as 

a-:'precipltant in throwing out ef soluticn any pclymer 

which might have been fermed. None showed polymerization. 

Then the solutions ef vinyl acetate and the catalyst 

were heated together in a water-bath to abcut 80e fer two 

hours and tested again with pet~cleum ether. Benzoyl per­

cxide gave the best results as a catalyst. Antimony pentachlc­

ride and stannic chlcritie alse gave geed results. None of 

the others. with the possible exception ef the tetrachlcride 

of silicon. seemed effective as catalysts. 



(49 ) 

FRACTIONATION OF RUBBER 

Rubber occurs naturally as the disperse phase ef a 

lyophobic dispersoid - latex - secreted by certain plants. 

The hydrocarbon, probably 9sscciated with certain impuri­

ties, is suspended in the form of glCbules in the aqueous 

medium er serum, which further contains dissclved substances 

such as carbohydrates, resins and proteins. It isprcbable 

also that each globule possesses a protective coating of 

protein which serves to maintain the 1isperse phase in the 

c01loi1al state. These glcbules are coagulated by various 

means and the coagulum, containing besides the caoutchcuc 

much of the protein and resin impurities, is further treated 

1n various-- ways to gi ve tii fferent kinris of rubber. 

The extreme importance of rubber is due chiefly to 

the prcperties:;- which it possesses to an unusual degree -

of being highly elastic, very resilient to shock and suffi­

Ciently durable to withstand long wear. It lends itself very 

readily to combination with sulphur, to yield the familiar 

vulcanized product in which form it is most widely used. 

It is in order to explain its unusual properties t to 

explain alse many striking phencmena in connection with it -

e.g. the Joule effect - and to aid in the search fer a good 

synthetic substitute, that varied attempts have been made 

to explain the physical and chemical structure ef rubber, 

Rubber is a polymer ef unknewn molecular weight, 

ccnsistlng probably ef aggregatiens ef a structural unit 
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which may be formulated as::, (C5Ha)x. It is an erganophylic 

colloid yielding colloidal sQlutiens only, in varieus organic 

solvents. These pessess high relative visceaities, rising 

steeply with small increases in ccncentraticn. but varying 

enly to a small extent with change in temperature. 

Weber(36) seme years age. frem microscepic investiga­

tions declared that the globules in latex are composed ef 

a liquid, oily hy1rccarbcn which, "by lrLCre complete polymer­

iZation, gives rise te caoutchouc up en coagulation. Recently, 

Hauser(-37) by micromanipulation, claims to have succeeded 

in puncturing the envelope enclosing this liquid and. actually 

te have noticed th~scape ef the latter frem the globule. He 

considers- that this lewer pol~~er is sur~ounded by a harder 

shell - a higher pelymer chemically identical with the inner 

fluid. De Vries(38) and Whitby(39) have however, expressed 

their belief that in all probability, the centents of the 

globules ccnsist ef the true cacutchouc itself. 

Hauser(40) has alse presented microscepic evidence 

to further prcve that the rubber hydrccarbon in latex exists 

in two stages ef pol~~erizatien, identical chemically. Many 

other investigators have taken this view also. Furthermore 

this two-phase hypothesis~ has been extended tc the structure 

of rubber itself an~ varicus suggesticns have been put fcrth 

regarding the inter-relation between the alleged twe polymers 

in rubber. It is wcrth neting that mest ef these suggestions 

seem te have been put fcrward with a view to explaining the 

unusual prcperties ef caeutchouc. 
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Pessender(41), supported by Lunn, Park and Feuchter, 

applied the idea ef the two-phase structure in latex globules 

and advanced the view'- that rubber is cempesed ef grains of 

se1id material fleating in a very elastic medium. We have 

alse the isccellcidal hypcthesis due to Ostwald who considered 

caoutchcuc as a col~cidal dispersion of solid granules in a 

medium of the same chemical nature but ef different physical 

properties. A cellular hypothesis, attractive by virtue of its 

analogy to crganic matter of vegetable or animal origin, has 

been adopted by Hauser. Lastly, a hypothesis of selid Selution 

was first suggested by Chauveau 8B a resul ta_~ cf his experiments 

on the compressibility ef rubber. This suggestic~ entails two 

caoutcheuc of 1ifferent stages ef polymerization dissolved 

in each ether te ferm a single phase. 

The Het~!.£~~!i~y eL~bb~r. 

As~Bary(42) ably points cut, mest of the invertigators 

in this problem have attempted te carry thrcugh ideas ef the 

structure of latex globules to the structure- of rubber. If 

these' latex globules be ccagulated and the caeutchcuc coagulum 

be oispersed in benzene, we obtain particles of disperse phase 

millions of times smaller than those ef latex. If we new ob­

tain back cur caeutchcuc frcm the benzene sol by evaporation, 

it seems absolutely impossible that these particles will 

retake the form ef the eriginal globules. It would seem 

imprebable alse that glcbules of the size found in latex 

ceuld undergo vigerous mechanical treatment and retain their 

original ferm. 
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As h9S already been mentiened in the discussicn ef 

pely vinyl acetate (vide supra), very ms.ny polymerized 

materials have been definitely shown to be ef variedly 

heteregeneeus compesition - the case ef meta-styrene(43) being 

a particularly analogeus ene. Ameng pelymers - naturally 

occuring er synthetic - there is nc analogy extant fer the 

idea ef a two-phase structure in rubber. 

The well knewn effect ef such external ferces as heat 

in changing the state of aggregatien. is considered(44) merely 

te change an equilibrium existing between these two pr~ses. 

One is naturally led to inquire as tc what unusual law must 

be cbeye n in order that two and only two grades ef pclymeri­

zation can be attained by the eriginal melecule in the 

formation of rubber. What obviates the pessibility ef the 

formatien of intermediate polymers? 

It wculd appear extremely difficult te present the twe-

phase hypothesis of rubber en s theoretical basis. There seems 

te be ne logical reason at present, fer differentiating the 

case of rubber from these of ether organephylic colloids, 

'II/:'"cse structures have been proven te be heterogeneous, entailing 

a mixture of materials ef widely varying grades of PQl~~eri-

zstien. 

Fractionat ien. . - ---.-. 

Duclaux(45) has separaterl two distinct fractions frem 

rubber left stsnning for several years, one selid and inscluble 

in ordinary sclvents an~ the ether semi-liquid and very seluble; 
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the latter being present in much larger proporticn than the 

ferrner. Mere recently Pummerer{46} has divided rubber into 

twe components, His:methcd entails - first purification ef 

latex by allewing the latter to stand wi th 20% NaOH at 50e J 

remeving the hydrocarbon, dialysing eff the NaOH and then 

fra'cticnating the preduct by exhaustive extracticn with 

ethyl ether. He speaks ef his two fractions as gel-rubber -

giving rubber its toughness, and sel-rubber - giving it 

elasticity. 

The sel-rubber is soluble in ether and the gel-rubber 

is not. Yet when an ether solutien of the sel-rubber is 

evaporated, he finds traces ef gel rubber forme~ which are 

insoluble in ether. He concludes frem these experiments: that 

the parent or unit melecule ef rubber polymerizes to twc 

grades ef pol~~ers an~ the latter are reversible by aggrega­

tion and disaggregaticn, association and dissociation. 

It is well werth neting that this work appears to 

yield very imperfect evidence for a two-phase structure 

in rubber. Ea-ch ef the two fractions obtained as mentioned 

might cenceivablU still be heteregenecus; the enly difference 

between them may be simply in the separation of a preponderan­

ce ef higher ano lower polymers in the gel and sol rubber 

res~ect i vely. 

In the present instance, the diffusion method ef 

fractienaticn was used. As menticned in the foregoing section, 

polymers of lower molecular magnitudes possess greater 

sclub11ities than these ef higher magnitu1es an1 this differ­

ence is utilized in their rough separaticn. Since small traces 
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of impurities~' however affect the visccsities of rubber sols 

to a great extent and the viscosities of the sols of these 

fractions were to be used later as a criterion of difference 

in size of polymer, it was necessary to free the rubber from 

impurities as far as possible. 

PART I 

Three samples of smoke1 sheet of known history were 

extracted with 75-2·5 acetone-petroleum ether mixture in order 

to remove the resins. The extraction medium was renewed three 

times at intervals of 24 hours and then twice at intervals 

of 48 hours. The liquid poured off from the last extraction 

was quite colorless snli it may be assumeri that extraction was 

complete. Each sample was then dried in vacuo fer one week. 

The loss in weight due to extract ion was found to be about 3%. 

Each sample was then cut up to expose a ls.rge surface 

and placed in a two litre Erlenmeyer flask. Sufficient benzene 

was added to each flask so that scme lrocc's of liquid was 

supernatant to the rubber. Care was taken not to shake the 

flasks throughout the 1iffusion. At intervals ef about four 

days, the supernatant liquid was Siphoned eff from the gel 

below an~ the solvent renewed - carefully so as to obviate 

disturbance ef the gel. 

In this way, six sclutiens representing six frGctions 

ef the original samples, were obtained from each of the 

three flasks. The solutions were kept till all were prepared, 

then the rubber was precipitated from each by meane ef acetc­

tone and 1ried. Then solutions were ma1e up ef each fractiens 
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in benzene, to a concentration of O.3ZB gm per 100 cc's. 

Weigh~~_of frac~icns. 

B1 - 0.30 Cl - 1.46 Dl - 1.27 

B2 - Q.78 C2 - 1.44 D2- 1.14 

B3 - 0.40 C3 - 3.84 D3 - O.a6 

B4 - O. 53 C4 - 1.27 D4 - 0.97 

B5 - 0.63 C5 - 0.67 D5 - O. 54 

B6 - 0.63 C6 - 0.60 DB - 2.68 -
Am't diff'd 3.27gms 9.30 gms 6.86 gms 

Orig, wt 13 " 15 .. 22 .. 
% removed 25% 61% 31% 

Be the procedure described above, first the resins are 

removed from the rubber by extr8.ction and then the pure 

hydrocarbon is diffused out of the skeleton of nitrogenous 

matter in which it is enmeshed, leaving the proteins behind. 

That there really is a mesh skeleton ef protein in the rubber 

is supperte ti be the fo1lcwing observations. A1theugh after 

the fracticns har3 been removed, the remaining swollen mass 

seemed to resemble the original, yet upon slight shaking 

ef the flask, the gel material seemed to crumble and dispersed 

in the remaining benzene very quickly. 

All the fracticns abtained were tested fer nitrogen 

accerding to the method dercribed in Mul1iken's "Identifica­

tion ef Organic Compeunds", anrJ the tests all showed negative 

results. The procedure was briefly as fe1lcws: A small sample 
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was fused with potassium metal, the resultant product mixed 

with H20 an~ the mixture filtered. Any nitrcgen present in the 

original sample wculti now be dissolved. in the form of KeN. 

Then the usual test for a cyanide was carried out, involving 

the use ef ferrcus sulphate, hydrcchlcric acid an~ ferric 

chloride fer the production of Prussian Blue. Since the test 

is arvery delicate one, and contrel tests en ordinary smoked 

sheet gave decidedly pcsitive results, it may be assumed 

that the protein impurities ~resent were negligible. 

The solutions of the frRctions were left te 1isperse 

fer three menths in the dark at reem temperature. Then 

the viscesities ef the solutiens were measured in a visco-

meter of the Ostwald type immersed in a thermostat regulated 

te a variation of 0.0020 • 

TABL~'I - SAMPLE A 
.~~--

Fraction Time cf~f~ Relat! v!J ~!.9£s!tl 

1st 492.0 6.291 

2nd 533.8 6.82.0 

3rd 477.6 6.107 

4th 536.0 6.854 

5th 560.2 7.163 

6th 843.6 10.788 



Fraction - ----.~ 

1st 

2nd 

3rd 

4th 

5th 

6th 

Fractien 

1st 

2nd 

3rd 

4th 

5th 

6th 

T ABLE- I I - SAMPLE B ------......... ..;;; ........... ~...... . . -
Time ef flew 

603.2 

593.0 

647.0 

547.8 

785.0 

750.0 

. ----. 

TABLE' III - SAMPLE C ............... _ ... ,... ...... ......--.. ........... 
Time ef. !~ 

389.3 

3.95.3; 

402~ 7 

670.3'; 

703'.4 
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Relati v~"'y'~~£.!l~. 

7.713 

7. 583 

8.2,13 

7.350 

10.038 

9. 591 

Rela~iJe viscosity 

4.978 

5.055 

5.149 

8 .. 571 

8.995 

Net yet properly dispersed. 

In Table I, with the exception of fraction #3, the 

relative viscexities of the fractions rise regularly from the 

first te the last. In Table 11, mere irregularity is enceunte-

red, altheugh the same tendency for rise in relative viscosity 

is shown. In Table Ill, the rise is regular without exception. 

It might be noted here that a small proportion ef acetcne 

was introduced with the selvent in the case ef sample C, end 

this might possibly have a beneficial effect in the preper 

fractional diffusion ef the rubber. 
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It must be ccnsidered further that since cne fraction-

atien only was carried cut, the divisien cannet be a perfectly 

regular one. It is significant alse that in the case of 

Sample C where the sequence ef figures is regular, 60% ef 

the rubber diffused out, while in the other twe cases, only 

30% cf the hydrocarben was extracted. 

PART II 

Further experiments en the fracticnaticn cf rubber 

were carried cut, varying tc acme extent the procedure 

cutlined abcve. Twe mere samples, D and E were acetone 

extracted by the procedure of Part I, and allowed to diffuse 

in the same way, four solutions representing different 

fractions being collected from each. Then the concentrations 

ef rubber in the various solutions were ~etermined by evapcr-

sting a definite velume ef each solution and weighing the 

residue. The fractions all gave negative tests for nitrogen. 

By the additien er the preper amount of benzene, each 

sclution was brought to the same concentraticn ef 0.3 gm per 

100 cc's. This procedure obviates the necessity ef precipi­

tating an1 redispersing the rubber. The visccsities ef these 

sels of standard ccncentraticn were then taken. 

T ABJJE IV - SAMPLE D 
~ ............... -.. .. 

Fraction Time ef flow Relativ~ vlsccsity 
....... ':::::3' .-

1st 378.0 4-.8% 

2nd 403.2 5.156 

3rd 408.6 5.22-6 

4th 415.2 5.309 



Fraction . ~ 
1st 

2nd 

3rd 

4th 

Time 9f.!lew 

400.1 

413.2 

42.0. a 

4~.6 
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5.116 

5.2.84 

5.381 

5.4:17 

These fractions shewed a small but regular increase in 

the yfscosities ef their sols. The mode ef procedure used 

would seem superior te that used in Part I, since no preci­

pita.ticn and redispersion of the rubber is involved. What 

e'ffect the rate of coagulation or the coagulant itself may 

have en the degree of polymerization is not definitely known 

and furthermere any ef the precipitant net remeved by drying 

will r~ve an important bearing on the viscosity of the 

selution. 

The writer clearly recegnizes, that the figures 

adduced abeve do net constitute a rigid proef ef the nenexist-

ence ef a two-phase structure in rUbber, since it is ccnceiva-

ble that, if the latter hypothesis is correct, mixtures of 

varying preperticns of the two pclymers might lead to these 

results. However, taking into acceunt the great difference 

in sclubilities ef the "sel-rubber" and "gel-rubber" described 

by Pummerer, this criticism dees net seem very applicable. 

Effect s;vari£~_pre91pi~ants en. the 1~~ree 2!.P£~~erizaticn, 

From the discussion in the penultimate paragraph, it 

was deemed interesting te try the effect ef precipitating 

rubber in varicus ways, redispersing each coagulum in benzene 

and then netermining any change in the relative viscosity ef 
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the Bol. 

A sample ef crepe rubber was dried and dissolved in 

benzene to give a concentration of 1 gm per 100 ccts. When 

dispersion was complete, i ef the 601 was precipitated by the 

use of acetone, t by 90% ethyl alcohol, i allowed to evaporate 

in vacuo, and t of the sol was left unchanged. The three 

c08gul~ were nried and then dissolved in benzene to a con-

centration of O.3~B gm per 100 ccts; the original solution 

which had been left unchanged alse being mane up te the same 

concentration. The visccsit~es of the sols were then measured 

in the usual manner. 

Sol Time of flew Relati v~.!1!.££si ty -
Original 377.6 4.936 

M.cehel - prec. 410.6 5.396 

Acetone - prec. 375.8 4-.912 

Evaporated 36a..O 4.731 

The sel where acetone coagulation had been used remained 

practically unchanged in viscosity. The sol whose disperse 

phase had been obtained by evaporation showed a definite 

lowering in viscosity; censequently the average 1egree of 

pol~~erization must have been lowered. The alcehol-precipita­

ted rubber showed a rise in viscosity, although this may have 

been due in some measure tc trAces er water remaining in the 

rubber after ~rying. 90% ethyl alcohol ha1 been used and, 

as is well known, water has a cemparAtively great effect in 

increasing the viscesity er a rubber sol in benzene. 
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V{A'l'ER ABSORPTION BY RUBBER - I. 
The efficiency of rubber compounds used for purposes 

of insulation 1epends to a large extent cn the amount of 

water which the rubber will absorb from the surrounding 

medium. Of especially great importance is this in connection 
the 

with under-water cables, Where/rubber is immersed in water 

continuously under comparative/£lgh pressures. 

ne Vries(47) and Whitby(46) cbserved that the water 

content ef raw rubber varied with the humidity ef the atmos­

phere in which it was stored. Van Rossem(49) showed that the 

amount of water which ia absorbed by rubber depends upon the 

humidity, temperature, B.nd upon a further important factor -

the amount of water soluble impurities in the rubber. Obach 

(50) observed the difference in absorption frem sea-water and 

fresh water, 8n1 noten that net only did rubber absorb less 

from sea-water, but that in the latter case, the rubber soon 

reached a constant weight, whereas in the case ef fresh water, 

the absorption was continuous over a long period of immersion. 

Whitby(51) has further shown that the capacity ef rubber 

to retain meistureis closely related to the presence ef 

hygrcscop1c serum solids in the rubber. Kirchhof (52) has 

investigated the relatienship between the water absorption 

and the acidity ef the rubber an1 shown that the fermer is 

dependent on the amount of fatty acids present. Recently 

Boggs·an0 Blake( 53) anti Lewry and Kohman( 54) have riiscussed 

the effect ef varieus facters upon the amount ef water 

abscrbed and the rate cf abserption. 
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Lowry and Kehman, mentioned abeve, consider that the 

mest impertant facter determining the amount ef water absorbed 

is the vaper pressure or water with which it is in equilibrium, 

They censider that the mechanism of water absorpticn sensists 

in two prccesses. 

l.-The fermation ef a true solutien ef water in rubber. 

2.-The formatien ef seluticns internal to the rubber ef 

water soluble censti tuents. ef the rubber which can be removed 

by washing. 

They conclude further that increasing the rigidity 

of a rubber compound decreases greatly the smount ef water 

absorbed. 

It would appear tc the present writer that, net the 

vapcr pressure ef water in the surrounding medium, but the 

amount ef water soluble constituents in the rubber, is the 

most impertant factor in water absorption. For of the two 

processes mentioned in the ~enultimate paragraph, the second 

ene is by far the more important., as will be shcwn in this 

work. Evidently, then, if all of the water-soluble consti­

tuents could be removed from the rubber, and granted that 

the latter were comparatively rigid, the vapor pressure ef 

water in the surrcunding medium wculd make very little 

difference in water absorption. 

The pure cacutcheuc ~drecarbon must be considered as 

possessing practically no affinity for water, hence the 

latter cannot solvate the rubber. The mechanism ~f water 

absorption then with the pure hy~rccarbcn would lie in the 
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capillary and adsorption forces which would be exerted. If a 

sufficiently firm surface cou11 be presented to the water, 

only the ferce of adsorpticn and that ever a small surface 

area, could be exerte1 to cause an increase in the weight 

ef the immersed hydrocarbon, 

Impurities in the caoutchcuc may be of twc kinds, either 

water-soluble or water-insoluble. In the case of the fermer, 

a solution will be formed of these constituents, internal to 

the rubber. In the case ef the latter, as for example wi th 

powdered quartz or carben black as a filler, the absorption 

of water will be decreased, because a mere rigid preduct 

will result lessening the effect of capillary ferces. The 

addition ef SUlphur in the process of vulcanizaticn lessens 

the water absorption greatly. 

In the present work, samples ef rubber containing 

varying amounts of water-soluble constituents were prepared 

by the following proce~ure. 

Samples #1 anfi #2 were prepared by extraction of smoked 

sheet with a 75-25 acetone-petroleum ether mixture, and then 

diffusing cut the pure hyrlrocarbon from the nitrogenous matter 

as described in a previous section (Fractionation of Rubber). 

Both of the samp)es gave negativp. tests for nitrogen. Sample 

#1 possessed much greater rigi1ity than sample #2. 

Sample #3 was prepared by mixing solutions ef nitrogen­

free, extracted rubber and smoked sheet in the proportion 

2 to 1 respectively - thus yielding a rubber containing 

approximately one third as much water-soluble material as 

ordinary smoked sheet. 
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Sample #4 was prepared by mixing solutions of nitrogen­

free extracted rubber and smoked sheet in the propertion of 

1 to 2 respectively - thus yiel1ing a rubber containing 

approximately two thirds as much water-soluble material as 

ordinary smoked sheet. 

Sample #5 was ordinary smoked sheet which contained 

about 2.75% of nitrogenous matter. 

Sa~ple #6 was prepared by utilizing the rubber remaining 

after abe1.:t 60% ef the pure hydrocarbon had been diffused 

eut - thus yielding a rubber centaining about two and ene 

half times as much viater-seluble material as cmoked sheet. 

The samples were ~ried. in vacuo, weighed and immersed 

in the meoium. A 3.5% selution of se~ium chloride was 

substituted fer seq water and in the case ef the water 

vapcr, the samples were suspended ever water in clcsed tubes. 

At stated intervals, the samples were remeved, superficially 

dried by pressing between pieces of filter-paper an~ the 

increase in weight noted. The superficial drying was carried 

cut in as standard a way as pcssible each time and centrel 

tests shewed a very small experimental errer. 

The results are tabulated belcw. 



Meriium 

Sea wat-er) 

water) 

Water-vaper) 

Sample 

1 " \ . . : 
) IV !r~~L 

2--1 o. 59 

3 0.62 

4 1.10 

5 5-;:: 1. 50 

6~r. J} "n1--{" 3 5.20 

1 O. 51 

2 0.74 

3 

4 

5 

6 

1 

2 

3 

4 

5 

6 

1.13 

3.37 

3.87 

2.B.4O 

O.2D 

0.37 

0.00 

2-.04 

G.IS 

7.12 
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Percent __ !~.crea!3~ 1!l weight 

ever cri~~~~l weisht after: 

12days 

0.32:., 

0.75 

2.08 

1.74· 

36.60 

0.86 

1.18 

3.32 

4.32 

5.09 

32,_ 30 

0.23 

O. 58 

0.88 

3.12 

3.2-4 

10. 56 

21days 

0.29 

0.78 

1.96 

2.13 

2.15 

29.87 

0.79 

1. 57 

3'~ 68 

4.83 

5~ 63 

2!J .12-_ 

o. 57 

0.71 

1.96 

3. 52 

10.38 

31days 

0.28 

0.77 

2.04 

2-.19 

G.47 

2~. 41 

0.83 

a.OO 

4.09 

5.17 

6. 82:_. 

2:1.61 

0.33 

0.77 

2..22_ 

3.91 

4.60 

10.43 

The amount of water absorpticn is seen te run parallel 

to the amount ef water soluble material present, without 

exception. Sample #1, presenting a firm surface an1 centaining 

no water soluble constituents abserbed a negligible amount 

only, in all cases. The absorptien in the case ef sample #2 
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is almest as low, the difference being due tc abscrption by 

capillary acticn and adsorptien. The water abscrpticn gradual­

ly increases downwar1 until we reach the surprising figure of 

ever 36% in the case of the protein-rich and resin-rich 

rubber. It will be noticed that in the case of the latter 

sample, the weight decreased after having come to a maximum, 

shcwing diffusicn of seme ef the water-scluble constituents 

cut inte the water. 

The( aosorption is less in all cases in sea-water than in 

pure water (with the excepticn cf #6), which is tc be anti­

cipated since the number ef water molecules adjacent tc unit 

surface of the sample has been lewered. 

Further samples ef protein-free, resin-free rubber were 

prepared an1 presse~ in a mechanical press at an elevated 

temperature in an effcrt te ebtain a still more rigid mate­

rial, but it was found that these samples shewed marked 

tackiness and ceuld net be used after a few days immersion. 
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SUMMARY 

1.- The meaning ef solvation, the facters affecting it 

and theories concerning it have been discussed. 

2.- Measurements have been made in the temperature­

viscosity r~laticn of various cellulose acetate sols and 

the results discussed in the light ef the Hatschek-McBain 

controversy regarding the cause ef viscosity. 

3.- The visccaities of various rubber sols have been 

measured. The results oppose any general correlation of 

high viscosity with swelling, unless possibly each group 

ef solvents (accordin~ to structure) is considered separa-

te1y. Viecosities of rubber sols and meta-styrene sols have 

been compared. 

4.- The precipitating power ef series of organic liquids 

fer rubber has been measured. It has been shown that in any 

one series, a definite parallelism exists between precipita-

ting power and polarity. Relation has been shcvm broadly 

between 1ie1~ctric constant and precipitating power. 

5.- Pcly vinyl acetate has been shcwn definitely to be 

heteregenecus, the molecular weights ef fracticns cf it 

and the visccsities of the scluticna ef these fracticns 

determined. Varicus catalysts in the pclymeriz9ticn ef vinyl 

acetate have been tried. 
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6.- An effort has been made to fracticnate rubber by the 

"diffusion" method, using two varying mories of procedure. The 

results, although not definitely disproving the twc-p~~se 

hypothesis, seem to indicate that rubber, in common with 

many other organophylic collOids, is heterogenecus. 

7.- Rubber samples with varying nitrogen content have been 

prepared and. treate1 for water absorpticn. The latter has 

been shown to depend very tiefinitely on the water-soluble 

constituents of the cacutchcuc. The nitrogen-free, acetcne­

extracted samples were found tc abscrb a negligible amount 

ef water. 



RE]'ERENCES -
l.-Whitby, Colloid Symposium Monograph, (1926) 

2.- It et .. 
3.-Kuhn, Kol1oid Zeitschrift, 35, 275, (1924) 

4.-McBain an~ Salmon, J.C.S. 119, 1374, (1921) 

5.-Madgen, ~eel and Briscce, J.C.S. March 1928, 

6.-Van Bemmeln. Die Abscrption, (Dresden,1910), 

7. -Hi 11iga~, J .Phys. Chem. ,26,247, (1922..) 

8.-P.P.VcnWeimarn, Kc11.Ze1t. 4,198.(1909) 

9.-Hatschek, Trans.Far.Scc.12,17,(1916) 

10, -Weiser~" al)d Bcgue-; Colloidal Behavicr, I (378),1924, 

11.-Mardles, J.C.S. 123,1951,(1923) 

12.- If , Trans.Far.Scc., 1922, 

13. - He ss, Kc 11 • Ze it. 2~7 , 1 54 , ( 1920 ) 

14.-McBain, Kc11.Zeit.40,l,(1926) 

15.-Hatschek,J.Phys.Chem.31,383, (192?) 

16.-Whitby. lce.cit. 

17.-Hats·chek, See 15, 

18.-Kirchhcf,Kc11.Zeit.15.30, (1914) 

19.-Posnjak,Kc11.Chem.Beihefte,3,432,(1912) 

(69) 

20.-Hatschek, See 15, 

21.-Kncevenagel,Bregenzer,Kc11.Chem.Beihefte,13t26~(1921) 

22.-Duclaux,Revue genera1e des ccl1cides,I t 33,(1923) 

25.-Whitby,Paa~ernack & Evans, Unpublished. 

24.-Whitby & McNally, Unpublished • 

25.- •• " .. 
26.-Whitby, See 1. 

27. -Staudinger, Frey & Stark, B. 60,1782, (192J7) 



(70 ) 

28.~Whitby.McN811y & Gallay,Trans.Rey.Sec.Can. ,Sect. 111.1'928. 

29.-See 28. 

30.-Staudinger, B.59,3019,(1926) 

31.-Whitby & Katz, J.A.C.S., 192£. 

32.- It It . .., et .. 
33.-See 2A. 

3:4.-See 27. 

35. - It " 

36.-Weber, B.36,3108,(1903) 

37. - Hauser, "Lat ex" , (Dresden, 1927), 

3.8. -DeVri es J Ar-ch.Rubber Cul tuur, 3, 183, (1919 ) 

3'9. -Whi tby, Chap. XXVII! , Cellci dal Behavicr, (Bogue) • 

40. -See 37. 

4l.-Bary, Revue generale des cel1cides, 111,22.5, (192.:5) 

42.-See 41. 

43.-See 24. 

44.-Pummerer, Kautschuk,233,(19a71 

45.-Bary,lcc,cit, 

46.-See 44. 

47. - DeVri ea, Ar"crb.Rub. Cult. ,602,1920, 

48.-Whitby,J.S.C.I. 37,2~8,(1918) 

49.-Kolloid Chem. Beihefte, 10,43,(1918) 

50.-0bac·h,"Cantcr Lectures en Gutta Perchatt,AppendixVIII,lOOt 
(1898 ) 

51. - In1is' Rubber Werl d, 59 J 141, (1918) 

52.-Kcll.Ze1t., 35,367, (192A) 

53.-J.lnd.Eng.Chem.,18,224.(1926) 

54.-J.phys.Chem.,31,23,(1927) 








	1928_GALLAY_0000
	1928_GALLAY_0001
	1928_GALLAY_0002
	1928_GALLAY_0003
	1928_GALLAY_0004
	1928_GALLAY_0005
	1928_GALLAY_0006
	1928_GALLAY_0007
	1928_GALLAY_0008
	1928_GALLAY_0009
	1928_GALLAY_0010
	1928_GALLAY_0011
	1928_GALLAY_0012
	1928_GALLAY_0013
	1928_GALLAY_0014
	1928_GALLAY_0015
	1928_GALLAY_0016
	1928_GALLAY_0017
	1928_GALLAY_0018
	1928_GALLAY_0019
	1928_GALLAY_0020
	1928_GALLAY_0021
	1928_GALLAY_0022
	1928_GALLAY_0023
	1928_GALLAY_0024
	1928_GALLAY_0025
	1928_GALLAY_0026
	1928_GALLAY_0027
	1928_GALLAY_0028
	1928_GALLAY_0029
	1928_GALLAY_0030
	1928_GALLAY_0031
	1928_GALLAY_0032
	1928_GALLAY_0033
	1928_GALLAY_0034
	1928_GALLAY_0035
	1928_GALLAY_0036
	1928_GALLAY_0037
	1928_GALLAY_0038
	1928_GALLAY_0039
	1928_GALLAY_0040
	1928_GALLAY_0041
	1928_GALLAY_0042
	1928_GALLAY_0043
	1928_GALLAY_0044
	1928_GALLAY_0045
	1928_GALLAY_0046
	1928_GALLAY_0047
	1928_GALLAY_0048
	1928_GALLAY_0049
	1928_GALLAY_0050
	1928_GALLAY_0051
	1928_GALLAY_0052
	1928_GALLAY_0053
	1928_GALLAY_0054
	1928_GALLAY_0055
	1928_GALLAY_0056
	1928_GALLAY_0057
	1928_GALLAY_0058
	1928_GALLAY_0059
	1928_GALLAY_0060
	1928_GALLAY_0061
	1928_GALLAY_0062
	1928_GALLAY_0063
	1928_GALLAY_0064
	1928_GALLAY_0065
	1928_GALLAY_0066
	1928_GALLAY_0067
	1928_GALLAY_0068
	1928_GALLAY_0069
	1928_GALLAY_0070
	1928_GALLAY_0071
	1928_GALLAY_0072
	1928_GALLAY_0073
	1928_GALLAY_0074
	1928_GALLAY_0075
	1928_GALLAY_0076
	1928_GALLAY_0077
	1928_GALLAY_0078
	1928_GALLAY_0079
	1928_GALLAY_0080
	1928_GALLAY_0081

