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GENERAL INTRODUCTION 

One of the outstand-ing ;;roblems of orgo.nic 

chemistry which has, &8 yet, received no satisfactory 

solution is that of the constitution of caoutchouc. 

Though many theories have been advanced from-time to 

time, none have been able to answer all the require-, 

ments of a satisfactory formula. 

Our knowledge too of polymerization pro­

cesses, their mechani8~r~, the effect of telnperature, 

time of heat ing arJ.c.. cata-lyst S or1 the amount 8"nd na.ture 

Qf the products/is iIl a. still less adva,nced state and 

a more complete knowledge of t11is subject is particu­

larly desir able on a.ccount of it s very dir.ect bea.ring 

upon the constitution of cGoutchouc. 

Accord.ingly it wa.s decided to study the poly­

merization of isoprene and dimetbyl~utadiene)(by di­

methylbutadiene ls meant the 2-3-dimethylbutadiene-1-3) 

which are known to give polymers similar to caoutchouc, 

to see if any simple intermediate bodies, further poly­

merizeable,could be isolated. The determination of the 

constitution of any such compound would not only throw 

considera.ble light on the mechanis{([ of polymerization 

but also on the constitution of caoutchouc. 

B-myrcene, which is the only compound of 

this type mentioned in the literature, was isolated by 

{Q).~~~;$I3·lenslr.r from among the polymers of isoprene. 

However he did not prove its constitution. It was 
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decided to repeat this work fir8t~and then apply the same 

treatment to dimethylbutadiene in the hope of· isolating 

from among its polymers a compound similar to B-myrcene. 

At the same time it WetS decided to investigate 

the effect of temperature and dur&tion of heating on the 

polymerization products of these and similar dienes. 



I1 THE CONSTITUTION OF CAOUTCHOUC 

The earliest work on t he chemical propert ies and 

constitution of caoutchouc was done in connection with its 

destructive distillation. Although it had been noted by 

Gregory, Dalton, Httnly and Barnard that such treatment 

gave rise to oily products, A. Bouchardat (1) in 1~37 and 

G. Williams (2) in 1860 were the first to make a systematic 

study of these. Will·iamB not only succeeded in isolating 

isoprene but also noticed that on standing it was trans-

-3-

formed into a thick viscous fluid. On distilling the latter 

he found that, after the unchanged isoprene had passed over, 

the contents of the flask were transformed into a spongy 

elastic mass which on burning gave off the odor so 

characteristic of burning rubber. It is clear from the 

remarks made by him that he believed rubber to be a poly-

mer of iso-orene. 
JIo 

In 1875, ~. Bouchardat (3) found that by heating .#--

isoprene in sealed tubes he got besides rubber-like 

substances, products similar to those which he obtained 

by the pyrogenic decomposition of rubber. This definitely 

connected the terpenes, represented by dipentene, with 

isoprene. 

In 1~79 (4), while attempting to prepare the 

hydrochloride of isoprene, he obtained a product which he 

said had the same physical and chemical pr.operties and 



which,gave the same pyrogenic decomposition products as 

rubber. 

In 1992 Tilden (5) noted the conversion of 

isoprene to rubber-like substances on treatment with 

certa.in chemicals such as HOL or NOeL. In lSgl.!- (6) he 

prepared isoprene by passing turpentine v~pors through a 

red hot tube. This caused'Tilden to believe that the 

synthesis of rubber might become a practical p~ocess·'. 

At the same time he proposed the formula for isoprene 

which was later verified by Euler (7) and by Ipatiew and 

Wittorf (g). 

Since the constitution of isoprene was first 

determined many methods for its pre,aration have been 

found. Also many methods of polymerization have been 

found applicable not only to isoprene but also to its 

homologue~ and similar d1enes. 

Though numerous analyses had shown the 

empirica.l formula of purified rubber to be (C5Hg>x, 

and though it had been known for many years that it 

was a polymer of isoprene, whose constitution had been 

proved, the way in which the isoprene molecules were 

united in caoutchouc was a problem left untouched, 

except for the wor~ of Glads~one and Hibbert (9), until 

the time of" Harries. Though interesting, the'study of 

the reactions between rubber and mineral acids (1·:)) and 
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the halogens (11) shed little light upon the structure of 

the rub,ber ·hydrocarbon. It proved certainly, however, that 

the hyd.rocarbon contained one d0l1b1e bond per (C
5

Hg)uni t · 

The work on the ni,tro:sites revealed the relationship between 

caoutchouc and myrcene (12). Further studies of the 

destructive distillation of rubber yielded little,more 

information than was already known. It was the investigation 

of the addition products of caoutchouc with oxygen and ozone, 

particularly the latter, and finally hydrogen that gave rea~ 

insight. into the structure of the hydrocarbon molecule. 

Harries t classical work (12) on the action of ozone 

on caoutchouc.may be considered the real commencement of 

modern rubber research. He obtained the ozonide by passing 

ozonized oxygen into dilute solutions of rubber and evaporat­

ing off the solvent under reduced pressure. After purifica-

tion it was found to have the composition C'C1ol1.606)x' that 

is to say,. two ozone resio.ues were taken up for every (C10 H16) 

group in the molecule~ -- further evidence of the presence of 

two double bonds per (C10H16) unit. On treatment with water 

the ozonide was hydrolyzed anct yielded as the only recognize­

able products laevulinic aldehyde, laevulinic acid, 
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laevulinic aldehyde diperoxide and traces of hydrogen peroxide. 

He had shown previously (13) that o~one acted on an ethylenic 

linkage in the following manner: 

~o , ~ \ , 
C - 0 t 03 .... 0 - C 

I - \ .-r-, \ I \ ~-OfO 
/ -

°3 



Hence he concluded that rubber contained the grouping: 

ClL. .• c. c~. c~. OH~. 
-) 11, 11 

Molecular weight determinations in acetic acid solution 

gave a value of 233 for the ozonide. This approximated 

that for a molecule containing ten carbon atoms. Harries 

concluded, then, that caoutchouc possessed the structure: 

OH3 · r, · C~ • C~ • nH 

HC,C~,CH2.C.CH3 

and the 'ozonide 

C~ C

J

. CH2 • C~. CI~ 

OJ, ,..03 
C. CH2 .CH2 · C. c~ 

-6-

We can readily see how such a compound 'could give the products 

described by Haxries. As the mmlecular weight of caoutchouc 

was known to be much higher than that of the ozonide, Harries 

assumed that the simple moles polymerized to a. complex of very 

high molecular weight by means of their partial valences. i.e. 

~~ rH:3 
- - O~ • CH - - - - CH. CH2 • C~ • CH - - - - - c . C~ -- -

I1 fl 11 I J 
-- CB2 · c - - - - CH. C~ : C~ • C - - - - - CH. CH£ --

. I I 
CB:3 t C~ 

He suggested that this loose combination would-be easily' 

depolymerized by ozone forming separat e (C10H16) molecules, 

to whioh the ozone would be attached at the point of d'is­

~p~1on. As was pointed out by Pickles (14), there·was no 

reason why, at'her reagents suoh as bromine, which was known 



to form a tetrabromide of the empirical formula C10 H16Bt'+, 

should not effect a similar depolymerization. As' a matter 

of fact the tetrabrom'ide exhibits C1 general behav~our which 

suggests a, body of as complex a structure ascaoutchouc 

itself. Pickles postulated the following structure: 

1H
3 rH

3 1H
3 

9H2 • C : CH. CH2 • C~ • C = CH. CH2 · C~ · C : CH. rH2 
I I -- --'"- ---------- - ---

That is to say, a closed chain of (C
5

Hg) nuclei, indeterminate 

in number. In this case the union of the (C
5

Hg) groups results 

from a rearrangement of the double bonds. Pickles suggests 

that in each molecule there is only one such ring. This &voids 

t he necessity of" a.s sur~1ing two st eps in the polymerizat ion of 

isoprene to caoutchouc. The scission products of the ozonide 

-,7-

are account ed for quit e as sa,t isfactorily as by Ha.rries f formula. 

Harries (12) himself subsequently abandoned the 

ego-ring formula as in f'urther experirne11t s, he isolat ed 

derivatives having a breater nu~ter of ca,rbon atoms in the 

molecule. Starting with lJara rubber the 8.clclition product 

with hydrochloric acid was first prepared. This was then 

heated with pyridine to remove the elements of hydrogen 

chloride and so regenerate the caoutchouc. The ozonide 

prepared from this yielded on hydrolysis, laevulinic aldehyde, 

a heptane~dione, undecan,etrione, pentadecanetetrone, 

laevulinic acid, succinic acid, hydrochelidonic acid, oxalic 

acid, hydrogen peroxide and a number of unidentified products. 

The prese'nce of the' triketone and tetraketone is explica,ble 

only by assuming a ri~b larger than the octodiene. It was 



shown too that the fllo'lecular wei6~lt of the ozonide in benzene 

solution was 535, corres?cnding to (C5Hg03)9 the theoretical 

value of which is 580. Furt'her, Harries fOU11d that the 

hydrochloride of caout chouc (ClOH162HCL)x on beir.;; heat ed at 

100 0 C. gradually ~ave off hydrogen chloride and analyses ~t 

the end of 5, 7, 14 and 20 dayslrespectively,were obtained 

which corresponded roughly to the compositions-

C25H405HCL~ 

C25H403HCL ---+ 

C25H40 4HCL-+ 

C25 H40 2HCL~ 

On these grounds it was a,ssumed thc: __ t the caoutchouc molecule 

was farmed by the .union of five (C5ag) nuclei thus giving a 

20-carbon atom ring. 

Olivier (15), however, has objected to some of 

the experimental work on which Harries conclusions are based. 

He ha,s poil1ted out that the molecular weight of the ozonid.e 

cannot be taken as a criterion ~oe.cause considerable va,ria-

tions are found as the method for its preparation is changed. 

Olivier has also repeated Harrie.s f wor}c on the thermal de-

composition of caoutchouc hydrochloride but states that his 

V\Tork wa,s by no means as significant as that of Harries. The 

latt er it may be not ed has offered. no evidence to show t ha.t 

his hydrochloride was homogeneous. The work of Boswell (16) 

too has cast doubt on the quantitative formation of the 

ozonide as postulated by Harries. 

Later experiments have led Harri-es (17) to the 

conclusion tha.t there are more than five isoprene nuclei 

present. He found tr ... at if the d.ihydrochlQride is reduced 
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by zinc dust, a hydrocaoutchouc, C35E62 or 040H70,is formed 

which may be. distilled, in vacuo, unchanged. Its molecular 

weight, determined in bromoform, wa~ 6067. The composition 

of the bromide and ozonide afford further evidence of thirty-

five to forty carbon atoms in the molecule, pointing to at 

least seven or eight (C
5

Hg) nuclei. Harries concludes then 

that caout chouc is a polymer of a hydrocarbon conta.ini.ng 

seven or- eight ( C5Hg) units joined into a large ring. 

Olivier (15) has also objected to these conclusions. 

He argues that Harries has advanced no proof of the homo­

geneity of his hyd.rocaoutchpuc. In fact the analyses of the 

hydrocaoutchouc itself and its ozonide indicate the very 

opposi te. 

Previous to Harries-adoption of his final formula, 

Ostrom;sslenskt (lg), had prqposed one very similar to this. 

From a comparison of the properties of the bromides of 

caoutchouc and of polymerized erythrene and of the polymer 

of vinyl bromide he decided that caoutchouc itself must be 

a polymer of the compound: 

C~. CH2 [C( CH3) : CH. CH2 • CH2] · C( CH3) : CH 
t· - 7 I 

Haxries has objected strongly to the experimental results on 

which these conclusions are based (12a) . 
• 

Ostrom~BslenskY'also proposes a mechanism for the 

polymerization of isoprene (19). This was based on the 

isolation, from among the polymers of isoprene, of a dimer, 

., 4.tJD.yrcene for which he advances tentltat1vely, the folloW'-' 
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ing formula ('-1.9,a,:): 

This product was polymerized by s·haking at 60 o-70ofor 

five da~ys in the presence of I;: sodium a.nd barium .peroxide. 

It gave a product resembling caoutchouc raore clos·ely 

than isoprene ~~nder the same conditions. Accordi!.l.l to 

OstrGmisSlensky:t then, the mechani~m of the transforma-

tion of isoprene and B -my~cene .into caoutchouc is as 

follows. First the isoprene breaks up into an atom.of 

hydrogen and a radical which unit e 1}!;i t~1 another isoprene 

molecule to form a dimer, B -myrcene. This process 

repeats itself seven times and so forms an open chain 

octamer which then forms a ring and g·ives caout chouc. 

The reason that barium peroxide and sodium OD isoprene 

and B -myrcene do not give the same caoutchouc is that 

in the first case anyone of the intermediate·polymers 

may unite wi·th the isoprene or with a lower polymer or 

with another molecule of itself. In the second case he 

supposes that B-~yrcene forms a dimer and then a 

tetxamer which on cycla~ion d 6ives" normal isoprene-

caoutchouc". In the fir'at case the different intermediate 

polymers cause a difference in the arrangement of the 

methyl groups and double bonds, so abnormal caoutchouc 

results. Of course under certain conditions cyclation 
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of the dimer take$ place and dipentene results. -([s-t:r€)m~ss'lensq 

proposes a similar mechanism for the polymerization of other 

dienes, i. e. butadiene and ethylenic compounds-, i. e. vinyl 

bromide. His caoutchouc is then a po).ymer of this 32--carbon 

atom ring compound. 

Recent work by Staudinger and-his e.o~w~r~.e~s('(.?9),~qn 

the catalytic reduction of qaoutchouc supports the idea of a 

large molecule for caoutchouc. The hydroge;nation was carried 

out at a temperature of 270 0 -2g00 C. and under a pressure of 

100 atmospheres of hydrogen,in the presence of platin~~ 

black. The product was a colorless non-ela,stic mass with 

the em.pirical formula (C5HlO ) x. It had the chemical pro­

perties of a saturated hydrocarbon and was not attacked 

by nitric acid or potassium permanganate and did not add 

on bromine. In its behaviour to solvents it resembled the 

original caoutchouc. On distillation in vacuo it decomposed 

completely at 350 0 C. giving a series of compounds of the 

composition (C5HlO )X ranging from methyl ethyl ethylene 

(05H10), the simplest member of the series, to CSOHlOO' 

Staudin~er has suggested that hydrocaoutchouc bears the 

same relation to methyl et:q.yl ethylene as normal rubber 

does to isoprene (21a and-b). 



fE3 ~H3 
-.-- C~ CH2 CH CH2 -C~ C~ CH • C~ C~~-

Hydrocaout chouc. 

OH­a ) 
CH3 • CH2 • C = CH2 

Methyl ethyl ethylene. 

rH3 ~H3 
- -CH2 • C~ • C = CH • CH2 OH2 · C - CH • C~--

Normal caoutchouc. 

CH~ 
I ) 

OH2 = CH - C = CH2 

Isoprene. 
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He obtained results similar to these with hydrogenated methyl 

rubber-. 'Staudinger argues, that caoutchouc cannot be a poly-

merized product such as su3gested by Harries,fo~ if such were 

the case/the hydrocaoutchouc could not be colloidal in size. 

Then oa€lutchouc must be an ethylenic derivative of high 

moleoular complexity, in whic~ a large number, probably 100 

or more molecules of isoprene are united together in a 

regular manner such as indicated above. He is not prepared to 

s'ay definitely whether this molecule takes the form of a 

closed or open c'hain but is in favor of the latter idea .. 



staudinger (22) also reduced CBJout chouc using 

Harries method. From a study of the properties of the 

compound which he obtained he is convinced that Harries 

was dealing· not with hydr8caoutchouc but with 8. cyclo-

caoutchouc, 

'X 

Harries had objected (23) that the temperature 

used by Staudinger in the reduction of caoutchouc was such 

tha.t he was reducing its d.ecomposition prod.ucts rather than 

the caout'chouc it self. T11is obj ect ion was overcome by 

Pummerer and Burkard (24)1 and later by Staudinger (21). 

Pwnrnerer &110- Burkard succeeded in hydrogena.t ing l::u:aified 

rubber in dilute hexahydrotcluene solutions ht ISo-26° c., 
in the presence of platinum black. They obta·ineQ. by this 

means,a fully saturated hydrocarb~n which was resistant to 

oxidation both by air and potassium permanganate. It 

possessed the empirical for;i1ula (C5H10) x' .After prolonged 

heat ing a.t 200 0 C. and short heat ing aJt 30-JO C. it was 

f'ound to have a molecular weight of a.bout 1700. By ca.reful 

vacuum dist illat ion it yieJ.ded a conlp~und whose analysis 

and molecular weight determinations indicatec_ the formula 

(C5Hl O)lO' They concluded then that the parent hydrocarbon 

had a molecular weight of 600-700. This however owing to 

it s great t ende,ncy t') associate gives rise to molecules of 



enormous molecular weight. 

This idea seems to be quite contrary to that of 

Staudinger1unless the suggestion that he advances (21a) , i.e. 

that the macromolecule can dissociate in solution, is 

accepted -- then these two ideas become practically the 

same· In favor of the association theory Pummerer, Nielsen 

and Gftndel have-shown that the molecular weight of caoutchouc 

does vary .in solut ion (25). In camphor and menthol# using 

concentrations of 0.5 to 1%, they obtained-for gel-rubber, 

sol-rubber and diffused rubber values a.s low as 520 to 600. 

With higher concentrations, 2%, they obtained values from 

1200-i6oo. Tl1ese deterlninations ,then, indicated an extensive 

but limited dissociation. It is interesting too, to note. 

these rubber samples which differ so much in solubility 

showed the same average molecular weight in c~nphor and 

menthol. It. appears then that the essential difference 

between them mu·et lie in their different po\vers of aggrega­

tion. Hydrocaoutchouc and cyclocaoutchouc were also 

investigated. These too gave values around 600. Pummerer 

concludes then tha.t caoutchouc has a parent hydrocarbon, 

containing 8, 9 or 10 isoprene units, which through 

aggregat ion disaggregat ion associat ion and disassociat'ion 

accounts for the 'various phenomena. According to Pummerer 

it cannot be de·cided yet whether it l1as a :ring or open 

chain structure but present evidence, obt&ined from a 

variety of sources points to a ring compound (26). 

-14-



Other theories 8.S to the constitution of 

caoutchouc are those of Barrows (27), KiT*chhof (28), 

and B08well (29). These howevsr will not be dealt 

with here. 

This co~cludes a brief SQ~ary of the most 

p.rominent theories of the constitution of caoutchouc. 

-15-
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III Ii'TTRODUCTION TO EXPERI~{ENTAL WORK 

Since this research deEls mainly with the exam-

ination of the products obtained by the polynlerization of 

isoprene and dimethylbl1ta.diene, a short su_m~ra.ry v.7ill lJe 

given of the results obtained by other ~orkerB in this 

fie.ld. 

Product s of the PolY4nerizat ion of Ios:Jrene and. Dimethyl­
butadiene other than High Pol;~ers. 

In regard to the polyrneriza,tion of isoprene 

Kandakow (30) as . early as 19')C~-1902 put for1)vclrd an 01;-

servati0n of very grea.t 'interest: ttt:1at B_ transient 

stage in the polymerization of these hyd.rocarbons con-

sist s of dilneric, open chain iso~renes, containi11g sev-

eral double bonds in tIle :'1'!oleclJle". Orlly one cS.se is 

rnent ioned in the lit erature 11:Jv:eveT where a compound 

intermediate between isoprene and its caoutchouc-like 
has been isolated. 

polYlne.r. This tIle the B-rnyrcene of' 08tro.m~s.sle:msq 
1\ 

prev,iously ~~lent ioned" Ostl'omissl~fi~k7 prepar eO. this com-

pound by keeping iS0l')rene at ordina.r~T temperatures or by 

sance of absence of catalysts. He gives no defi~ite proof 

of its constitution but the properties rnentioned by him 
4... 

indicate formula of the type that he proposes. 
A . 

Harri~s (12) isolated a dimer froM th~ polymer-

izat ion prod.uct s of isoprene for which he -proposes a for-

mula the same as that given by Ostr~m~sslensky to B-myr­

cene. Harries did not notice whether his compound would 

polymerize. 
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Though no other open ch&in di~er8 are mentioned 

as having been found among the polymerization products of 

isoprene, several cyclic dimers have been isolated. These 

of course are not int.ermediate between isoprene and its high 

polym.er~ but instead are by-products of the reaction. Among 

these is dipentene, which was recognized as far back as the 

time of Bouchardet and Tilden. Another, 1.3. dimethyl -3-

ethenyl-6-cyclohexene, was isolated by ·Lebedeff· (31). 

Lebedeff w~s unable to detect any trace of an opert chain 

dimer from iso~rene or an)'" other of tIle divinyl cornpounds 

which he inveptig~ted. 

More recently Aschan (32) has isolated a compound 

which he believes was l-methyl-4-iropropenyl-2-cyclohexene. 

The latter too found no ~ndication of an open chain dimer. 

The poly~eriza~ion o~ the other members of this 

serie8hc~s been investigated by Harries (12), Lebed-eff (31 ) 

and others but thou.gh di:f!leric compounds have been olJta.l~ned 

noneJwould polymerize further. 

The Effect of Temperature on the Poly~erization of ISQprene 
and Dimethylbutadiene. 

;.~ \' 

As in most reactions,an increase in temperature has 

a great effect on the rc .. t e of polymerizat ion of isoprene and 

dimethylbutadiene. But not only does the temperature at which 

the~. polymer1zat ion is carried out influence the rate of rea.,ct ion 
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but also affects the amount and na~ure of the products 

obt£i.ined. As a result of a large number of experiments on 

isoprene and similar dienes Lebedeff (31) drew the foilowing 

conclusions: 

1. the higher the temperature used for polymerization,the 

higher would be the r~tio of dimer to high polymer; 

2. at a constant temperature the ratio remains the same. 

The presence of a catalyst however may affect this. These 

con'clusions have been investigated here in order to get some 

more quantitative data on the subject. 

But not only do changes in tempera~ure influence the 

amount of high polymers formed but also its properti~s. It has 

been shown by Staudinger (33) and by Whitby and his co-workers 

(3~) that indene and styrene/when'polym~rized at elevated 

temperatures, always give polymers of lower molecular weights 

than when polymerized at lower'temperatures. The temperatuxe 

of formation of the polymer also influences its solubil~ty 

in various solvents and the viscosity of the resulti.ng solutions. 

So the effect of the temperature of formation and the time of 

heating upon the proper'-ties of the polymers of isoprene and 

dimethylbutadiene have also been 1nvest·igated in this research. 



IV EXPERIMENTAL-WORK 

The Preparation of Isoprene 

'The first step in the experimental work ,,~~s 

the pr.E";}parat ion of isoprene. The procedure followed 

.was that of ~arries and Gottlob (12). Figure3I and 2 

show the essential features of the apparatus used. In 

Figure I, A is a 3-1iter p~rI'ex flask with a short neck 

-19--

and a side neck. The side neck is conveniently used for 

emptying and recharging. 

B is the heating element shown in Figure 2. 

C is a condenser through which water at 45-500 

is circulated. The inner tube is of Pyrex glass. (The 
II// 

supply of ',warm water was conveniently obta.ined from the 
I~ , 

appar~tu~isupplied with the Abbe refractometer). 

D is a spiral condenser (with more coils than 

shown in the diagram), through t he jacket of which cold 

water circulateB~ 

E is a 300 cc- flask cooled to -10 C. or 16wer 

by an ice-'salt mixture in the bath F. 

G is placed in a Dewar flask H filled with 

ether cooled by solid C02- It serves t,o' condense any 

isoprene which escapes E. 

In Figure 2., the lower diagram shows an ele­

vat ion · of the heat ing element; the upper, a plan o·f the 
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Figu:re 1. 
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Figure 20 

B 

B 

F A 
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top plate. 

The element consists of 6 feet of No.2g gauge 

plat·1num wire (F) threaded througn holes· in two perfor­

ated dis·ks of asbestos slate (E) 4.75 inches apart:· This 

gives 11 vertical strands of wire in all. (The wire used 

w'as circular. It is probable that if it had been flatten-

1\0" 
ed better results would have been obtained). 

The asbestos slate plates were 0.125 in. in 

thickness and 1.5 in. in diameter. (Or of such diameter 

as to 'leave sufficient clearance in the neck of the flask 

for the liquid' refluxi~g back from the condenser to flow 

into the· flask without coming in contact with the hot 

p~ate or wires). The holes in the plates for t·he pass­

age of the wire should be as large as the strength of 

the plates will permitl1n order to allow of the free 

passage of vapors. 

The~plates are attached, to a heavy copper wire, 

(C), 0.125 in. in diameter, by means of nuts soldered to 

the rod on either surface of each plate. ·This rod acts 

as one terminal. -The other terminal (E) is attached to 

the end of t-he platinum wire which has been brought over 

the edge of the upper plate. 

Another -apparatus, which was similar to that 

used by St&udinger, was prepared. In this, the principle 

is the same as in the above lamp, but the decomposition 



takes pl.a,ce under r~duced_,~p+essure. rA diagrammatio 
,~ 

sketch of the apparatus is shown in "Synthetic Rubber", 

by J.P.Schotz (1926),page 94. However, as this was 

found. to be considerably more inconvenient and trouble­

some than the original. l&mp .. it was not used. 

Also 1 t mightr be ment ioned- that a nichrome 
nol-

~leme~~ cQuldAbe used as in a very few minutes it be-

came heavily coated with carbon. 

OPERATION 
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Only 450 cc. of dipentene (From the Hercules 

Power Company) were charged into the flask. This volume 

·was used as it was found after trying quantities varying 
etf; e Itn "'Y 

from 350-600 cc. that the apparatus worked most.Awi th such 

a ch&~ge. Th.is was brought to the; boiling point; and, 

after it seemed certain that the air in the flask had 

all been displaced, the heating co~l was brought to, 

and maintained at, a·dull red heat, (7-5 to g.5 amps-, 

n.c., ~lO volts required) while the dipentene in the 

flask was kept boiling fairly rapidly. 

It was found that, as the run proceeded, the 

platinum gradually became coated with carbon, with the 

result· that it·s efficiency fell off. Hence eac·h morning 

before starting a run the. platinum was cleaned by, heatin~ 

the coil to:a brig~t re~ ~Bat for one or two minutes. 

Further, as the run 'proceeded the con.centrat ion 
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of resins in the liquid left in the conversion flask 

rose; and this also caused the rate of isoprene form­

ation to fall off. Hence before each run,the flask was 

cle'aned out thoroughly and dried. The residue which WE-.S 

thus rej ected of course contained scrne unchanged dipent ene, 

but for our purposes it did not seem worth while to re-oover 

it by separating it from the resin which it contained. 

The dist illate conte.ined u11cl1anged dipent ene 

as well as isoprene. The former could of course be used 

again. 

The following shows the results of a represent­

ative run:- 450 cc. of dipentene boiled as described for 

7 hours left a residue of 160 cc. in tl1e conversion fla.sk 

and gave a distillate of 270 cc. On fractionation the 

distillate gave an isoprene fracti~n (boiling 27.5 to 37°0.) 

of 190 cc. the balance being dipentene. 

PURIFICATION OF ISOPRENE 

Approximately 4 litera of isoprene were obta.in­

ed in the manner indicated.. This \va.s dried over calciu.m 

chloride and fractionated several times. The first method 

used for the purificat ion of this prod.uct was one de­

scri·b.ed by Ostromi's81ens~ (35). 1500 .cc. of. iso-prene, 

(B.P. 33°-36°0.) were allowed to stand at room temperature 

over. 16 grams of sodium wire and 135 grams of 'barium 
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peroxide fer at least two days. This mixture was then 

refluxed for one hour '-QRe. )aQ1J X and diet illed. Aft er 

fract ionat ion the volume of isoprene (B .. P. 33° to 35 0 ) 

wa,s 1300 cc. This isoprene v7hich \Ire,S used in the first 

part of~he work as 08trQ~~sslensk~ claimed that after 

such treatment the product woul6. be 9C)-lOJ!, pure and would 

contain no unsaturated compounds other than isoprene. 

Finally the purificat"ion was carried further 

than this by a second method used by Ostrom~sf'lensky (35). 

From the isoprene pur ifi ed E~S. above, the t etrc:'. bromid e 
the 

was made by/Mokiews~y (36) method in which bromine is 

added to a cooled cilute solution of isoprene in chloro-

form. The isoprene wes removed from this by treatment 

with zinc dust. Accordi11g t 0 G1lstavson f s method (37) the 

actual procedure used. Wo,s as follows, 100 cc. of iso1=·r·e11e 

were dissolved in 100 cc. of chloroform. The solution 

Wc.s introduced into a 2 liter f'lask fitted. with a reflux 

condenser, dropping funnel a.nd ·fllechanica.l st irrer. The 

flask was cooled in -~4'n cc. ice-SL~~~t 1Jctth to about -10°0. 

Then a solution of 320 grams of bromine in 500 cc. of 

cb.loroform,previously cooled, WB8 A,o.ned.{dro!, by r1.rop,to 

the isoprene-chloroform solut ion. It wp,s found. after 

five or six experiments that these-concentrations were 

the most convenient, for though some substitution took 

place it was not very great. In n~ore concentrated 80-

lutions, the theoretical quantity of bromine could not 



be added without a consid8rable quantity of hydrogen 

bromide being given off. 

-24-:-

The solu_t ion of brolnidea thus o.1~)tc~ined was then 

washed with an aqueous soda solution) till it was- color­

less. The chloroformic layerwcs then dried over anhy-

drous potas8iw~ carbonate. The mixture vVES fi~tered 

and. the chlorofoTII1 distilled of "f. The concentre.te,; 

generally-brown in color, ~ES then di~tilled in vacuo. 

Three ~ain fractions were obtained. The first boiled at 

600 -70 0 c. (un~er a pressure of 12 ~~. of mercury); the 

second at ~go-94° and the third at 155°-160°. The first 

fract ion, containing amylene bromides, wc .. S di searded. The 

presence of such a fre-ction as this shows that Ostrom-tss­

lensl(y's first method ws_s not 28 efficient as W(?·s clairnedl' 

for, according to him, isoprene" purified in that manner, 

would contain no u~~sc:ttlrated compounc.s ot11er tha,n isoprene. 

The yield of the second and third fre.et ions, isoprene ~i­

bromide and tetrabromide respect ively, Wc~ s about 75-~011:. It 

was very difficult to get these fractions in a pure state, 

but after three or four distill~tions in vac~c, colorles~ 

or almost colorles8 f procluctE\,. V7ere obtained~ As these went 

dark on stand.ing they were used immediat ely in all cases. 

The relative amounts of the two fr&ctions varied,but when 

the above procedure was adhered to only a s~Fll amount of 

dibromide was obtained. If however an insufficient quantity 



of bromide was added the sec0nd fraction was lar~er as 
'--' 

of course would be expected. 

The regeneration of the isoprene from the tetra 

bromide '\fete conducted first accord.ing to the procedure 

recommended by Ostromj·sslenskr. Isoprene t etrabromide, 

320 grams, ~as slowly added, by means of a dropping funnel 

to 300 cc. of alcohol in which 262 graJ'Us of zin.c dust 

(twice the theoretical qu.antity) -rere sus~gended. The re-

act ion vras very slow in the cold but when the al'cohol Wc,s 
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kept boiling gently, it proceeded very' rapidly. To the 

flask (cbf the three-necked type) wo.·s a.ttac:Jed a reflux 

condenser which was kept at such a t~~DerotureJ 45°-50°0., 

that only the alcohol wa.s condensed, while the isoprene 

passed through it and W8 .. S cond.ensed_ ir:. a second conden-

ser. This apparatus was simila,r to the.t used in the 

preparat ion of the crude isoprene. Thel"'tracesr;of a.lcohol 

carried over with the isoprene were removed by washing. 

The yi~ld8 by this method., even 'before the proo.uct 'had 

been dried and distilled, were low', l.t-o~ being a ':":.lc1ximum. 

1Juring the reaction the alcohol became very dar~\:land on 

cooling a, hard black resi110uS rllass separat ed 011t. Also 

much of the zinc dust did not react as it became caked 

and· crusted in the bottom of the· flask. In the final 

procedure adopted B. 1ar:se.r q-uantity of alcohol, 450 -500 CC'. 

was used. The zinc dust was added in t~ree portions and 



kept in a state of constant agitation by means of an 

electrically driven s'irrer passing through one neck 

-26-

of the flask,and sealed with mercury in the usual man­

ner. The yields by this method were very good, ~5 to 90% 
of t~ theoretical quantity of isoprene being recoverered. 

rhe same general procedure was applied to' the· 

dibromide. In this· case 75 to g5( of the .theoretical 

quantity of isoprene was recovered. 

The isoprene obteuined this was then dried. 

over calcium chloride and distilled. The distillate 

was then allowed to Etand over sodium "rire :for sev·eral 

days and re-distilled. The boiling pOint of the' pure 

isoprene was 33·1+ to 33'. 9 at 741+ mm. 

PREPARATION OF 2-3-DIMETHYLBUTADIENE -1-3. 

Preparation of.Pinacone ~ydrate 

For the preparation of pinacone hydrate 200 grams 

of 20-mesh aluminium were placed in a perfectly dry 3-1iter 

flask. Then a solution of 30 grams of mercuric chloride 

in 300 ccs. of acetone was added" rapidly with agitation. 

"This was' left undisturbed for 15-20 minutes. Then 10 

grams of finely divided zinc chloride and 100 ccs. of 

acetone were added. After this addition the mixture was 

allowed to stand for one and a half to two .tl.ours with 

fre~uent shaking. The shaking had to be as vigorous as 

possible to prevent the caking of the a.luminium at the 
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bottom of the flask. Then 500 cc. of acetone and a 80-

lut ion of 30 grams of mercuric cllloride ·in 600 cc. of 

acetoneMlre added drop-wise over a period of four hours, 

at .such a rate as to keep the liquid ~t its boiling point. 

It was found necessary to alternate the addition of these 

two reagents so as to cut down the vigor of t-he react ion, 

ie. 100 cc. of one and then 100 cc. of the other. A large 

excess of acetone is used to keep the aluminium complex 

in solution. The flask was then covered with a cloth 

and allowed to stand overnight. Generally. it was found 

refluxing slowly in the.morning. It has been-found that 

stirring is not necessary as long as the aluminium is 

kept in a loose condition. In all the reaction took 35-

40 hours. The flask was then heated on a water bath for 

two hours. Then 1200 cc. of water were added gradually to 

decompose the complex and the mixture boiled for two hours. 

When it had· cooled_ to about 40 0 0. it was filtered and the 

mass extracted with four 1000 cc. portions of acetone. 

The filtrate 'and washings were concentrated to about 2000 

cc. and the supernatant oil removed with a separating 

funnel. The &que-ous liquid on standing overnight in an 

lee oox aeposl~ea crystals of pinacone hydrate. The_oil, 

which consists of mesityl oxide, isop;torone, et.c., deposited. 

crystals of pinacone. The total yield of pinacone hydrate 

was about 350 grams. 
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It was necessary during the reaction to exc~ude all 

moisture. The acetone had to be carefully dried over c8.1cium 

chloride andfract ionally d-i st il··leo.. Small ar.aount 8 of im-

purities in the acetone greatly red.uced the :rielcJ of hy-

drate ,and_ on two occasions' 'prevented the react ion fr0Y!1 going 

at a.ll. 

The hydrate WB.·S purified bJr dissolving it in an 

1 - ht .f''''''' -1- + equa . we1g 0_ ,_.Ol l.ng waver, ~iltering a.n~ cooli~~ the 

filtrate in. ice. The crystals deposited were removed by 

fil tra.t ion. Two recrystalliz~tions were generally enough 

to give a very pure product. 

Removal of ~ater of Crystallization from the Finacone Hydrate 

Pinacone hydrat e ~lhen diet illed G:ave up· pract ically 

all it s water under 13500. This carried over 10-15'1., of 

the pinacone present. This however was recovered fro~ the 

distillate. For this preparation a long air condenser is 

used with a well cooled receiver. The yield of anhydTous 

pinacone was ~5-981 of the theoretical. 

Potassium hydroxide and potassium carbonate were~ 

tried as dehydrat ing agent 8 but were not 2~S convenient to 

use as the method described. 

Dehydration of Pinacone to 2-3-Dimethylbutadienel~4 

Anhydrou.s ~pina .. cone W':i.S treat ed with 2~~ of sul­

phonilic acid (3g) and heated with a free flame so that 
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the vapors p~ssing off registered a temperature of about 

900 0. Half of the pinacone w~s added through a separatory 

~unnel so as to maintain the concentration of the catalyst 

more or less constant as the reaction pr·ogressed. The dis­

tillate consisting of two layers was separated and the 

hyd.Tocarbon layer dried and diet illed. The fract ion dis­

tilling below 90 0 was fractionated again and the liquid 

boiling from 6g-72oC. taken as diene. Yield about 45~ 

of the theoretical. 

The above experiment was repeated but 10% of 

potash alum (39) was 'used instead of the sulphanili.c 

acid. The yield obtained was very low (about· 30% of 

the theoretical) most of the hydrocarbon boiling above 

r 72°0. 

Dehydration was then attempted using potassium 

bisulphate (40). After drying and fractionating the 

hydrocarbon, which was obtained,tbe yield of d1ene boil­

ing between 6go and 730 amounted to 40% of the theoret­

ical.' 

Then 500 grams of pinacone were treated with 

2 grams of 48% hydrobaomic acid (~l) under the same 

conditions as before. The reaction proceeded very 

slowly but after 24 hours most of the pinacone had 

reacted. After the first fract ionat ion, the yield 

was only 55~ of the theoretical. However it was found 



that by repeated fractionation of the apparently higher 

boiling port~ons, the yield of the dimethylbutadiene 

co-uld be raised from 55% to ,between 70 and .~O%.. In 

all 30QO grams of anhydrous pinacone gave 1600 grams 

of pure dimethrlbutadiene. 

As the impurities in the dimethylbutadiene 

wer~ mainly pinacoline, they were removed by treating 

the carefully dried and fractionated product with 

sodium. After two or three such treatments, the pro­

duct was considered pure as its refractive index was 

found to a~ree quite closely with Kandakow's value. 

1·4-375 

-- 1. 4-370 

--

Kandakow's value (42). 

- Whitby and Macallum (~3) 

for 
Found/one sample 

1\ 

- Found for a second sample 

The boiling point varied. between 69.5° 70 .5°0. 

The Preparation ofDimethyl-2-~ Pentadiene-2-~. 

This compound was prepared according to 

G.ignard's method (4~) by the action of methylmag­

nesium iodide on mesityl oxide in ethereal solution. 

The methyl ,iodide was prepared by the method 

of'Dumas and Peligot (4l). 72 grams of methyl alcohol 

and 20 grams of red phosphorus were mixed in a flask 
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to which was attached a reflux condenser. 200 grams 

of iodine were add.ed slowly. After this, add·ition, the 

mixture was allowed to stand over night and then dis­

tilled from a water-bath. The distillate was shaken 

with dilute sodium hydroxide, d:ried ov"er anhydrous 'cal­

oium chloride and redistilleo. The yield_ of the pure 

product was l~O grams. 

The mesityl oxide was prepared from diacetone 

alcohol by distilling the latter in the presence of io­

dine (4§~. The diacetone alcohol had been prepared by 

refluxing acetone against barium hydroxide in the usual 

manner (46$. 

The actua,l procedure used "in preparing the 

diene was as follows. 34 gr8.1'TIS of 111agnesium turnings 
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were introduced into a 2 liter flask,which had connected 

to it a reflux condenser and dropping funnel. Then 

enough of an ethereal 801~lt ion 8f methyl iodide, l!.rhich 

contained 202 grams of thp iodide dissolved. in an equal 

VOl1..1me of pure anhydrou.s ether, was adcled t.o:, cover the 

magnesiu!J. A vigorous reaction i'~·~ediately. set· in,and 

the flc:.sk had to be cooleo_ with rl~nning \vater. Then 

.550 cc·. of ether vrere added anc. t11e rest of the iodide 

solution was allowed to run in slowly thro~gh a dropping 

funnel. l!!hen the addi t ion wa .. s complete, t~e n:.ixture W,lS 

heated on a water D~th Th~n ~ solution of 

127 gra~s of anhydrous mesityl oxide dissolved in an 



equal quant i t~r of ether wa.8 added slowly throu6~: the 

dropping :unnel.. 'The rate of addition of the methyl 

iodide and mesityl oxide solutions had to be controlled 

carefully on account of the vigor of the reactions. 

After the addition of the mesityl oxide· the mixture 

was heated for half an hour on a w£~ter bath a.nd then 

a.llovved to stand over nigl1t. In the 1~lornil:6 the 

flask was cooled in crushed ice and slightly over 

the ~heoretical quantity of a 10% acetic acid solution, 

previ 'Y.lsly cOuled with i·ce, was added. The ether 

layer was t~en separated frOiJ the aqueous layer and 

t~e latter "washed once with ether. The ethereal layer 
-

and extract were washed wit11 dilute sodilJ.lll hyrdoxide 

solut ion, tlle:J. wit l1 d.ilute sodiu:~,: bisulphite Bolut ion 

and then with distilled water. The solution tl1uS 

obtained was cOllcentrated an a water bath. The 

distillation was continued at atmospheric pressure. 

At about 70° c. the dehydr"ation process began and the 

mixture of water ar4~ hydrocarbon distilled almost com­

pletely at gCO C. The residue consisted of unchanged 

mesityl o'xide and a dimer of the diene. The hydro­

carbon was ~ried with calcium chloride and fractionated 

carefully. The boiling point f'~:llld was 92° C. at 749 

mm. The boiling pOint found by Gr.ignard was 92-93° at 

750 mm. The yield of pure hydrocarbon was 50~ of the 

theoret iea!. 
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The Preparation of Methyl-2-Eentadiene-2-4. 

The starting po~nt in this preparation is 

diac:etone alcohol. Diace~one alcohol is reduced to 

2-methyl-pentandiol-2-4 w2ich is then dehydrated to 

give the desired die~e. 

Two ~ethods for the reduction of diacetone 

alcohol have been tried but neither has proved satis­

factory. 

Zelinsky and Zelikoff's procedure (47) has 

been followed carefully but very poor yields have been 

obtained. According to this method an aqueous 801utiqn 

of diacetone alcohol is reduced by means of -3% sodium 

amalgam~ Various concentrations of the amalgam have 

been used but the yields have always been low ~ between 

30 and 40~. 

The second method, the reduction of the 

diacetone alcohol by t~e action of sodium on moist 

ether, gave poor results also. A 30~ yield was the 

highest pbtained. 

The reduction by electrolytic means is now 

being attempted. The method being followed is that of 

Read-and Fletcher (48). 

The dehydration of the dial has been carried 

out very successfully, on a small scale anyway, by 

means of hydrobromic acid as described by Kyriokides (49). 



The Polymerization of Isoprene and the Examination of its 
Lower Polymers. 

EXEerimel1t A 
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In the first T;>olymeriza,t ion of isoprene, the 

procedure followed was that given by Ostromisslensky for 

the preparation of 8 myrcene (19a). 200 grams of isoprene 

were heated in an iron autoclave for 5 days at a te-mpera­

ture varying between 850 and 95°0., but for the most part 

The isoprene used in this experiment had only 

been purified by the first method described, i.e. with 

sodium and barium peroxide. At the end of the 5 days, the 

autoclave wa·s opened and the colorless syrupy liquid si-

phoned off. The solution was concentrated by distilling 
un 

off the/changed isoprene from a water bath. The isoprene 

recovered amount to 56~ o~he total weight used. The con­

centrate was then distilled with steam and 65 cc. (27.7~ 

of the tota.l weight of isoprene used) of a clear, colorless 

011, and 30 grams (15(-(~ of the tota.l weight)of a rubber-like 

product were obtained. The oil had a peculiar odor, unlike 

a stock sample of dipentene. It was then diluted with ether 

and dried over anhydrous sodium sulphate for 137 hours. The 

solution was then poured off; the sodium sulphate remaining 

extracted with dry ether, and the ether then removed from 

the original solution and the extract by fractional dis­

tillation. The oil left was distilled under a pressure of 



10·5 mm.of mercury. The temperature rose very rapidly to 

53.5°0., and from there rose very slowly till at the end 

of the distillation the temperature registered was 56.5°0. 

The boiling point of this fraction corresponded with that 

given by Ostromisslensky for B-myrcene. There remained in 

the distilling flask a small residue of a very viscous, 

colored oil. When this was treated with alcohol, a fine 

crystalline precipitate formed. Its constitution was not 

det ermined. 

Ostromisslensky's formula for B-myrcene is: 

1H
3 1H

3 
CH2=CH. C = CH~. 'JH2CH2 C = CH2 
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This shows the presence of three double bonds, two of which 

are conjugated in the molecule. So in order to determine 

the unsaturation of the above oil,& standard sodium thio­

sulphate solution and a Hanus solution were prepared. The 

following procedure was used. A weighed quantity of Oil 

(abou"& .15 grs.lms) Wc,s dissolved in 10 cc. of chloroform. 

To this was added twice as much Hanus solution as would be 

required to saturated the oil if it was pure B-myr~cene. 

The whole was let stand in the dark in a glass-stoppered 

bottle for varying lengths of time. After the period of 

e~bsorption 10 cc. of a 15~ potassium iodide solution and 



100 cc. of water were added. the unabsorbed iodine was 

then titrated with sodium thiosulphate, starch being used 

as an indicator. The amount of iodine absorbed, and from 

this the number of double bonds saturated, were calculated. 

In each case of course a blank was also run. 

Period of Absorption 

1/2 hour 
5 hours 
5-1/2 11 

7-1/2 « 
24 " 

No.of Double Bonds Saturated 

.69 
l.~ 
l.~ 
1.9 
2. ]. 

Evidently then the oil contained two double 

bonds unless the theoretical absor~t1on would not take 

pla_.ce on account of the presence of conjugated linkages. 

But as a sample of isoprene which was not specially pur­

ified absorbed the equivalent of 1.5 double bonds on 

treatment with the same solution of iodine bromide for 

7 hours, conjugation would not seem to cause such an ef-

feet. 

The molecular weight of the oil was determined 

by the cryoscopic method using benzene as the solvent. 

!.,~olecula.r weight calculated for C10H16 136.2 

tI " found 139.9 

Ostromisslensky had shown that B-myrcene (19a) 

and in general compounds with conjugated double bonds on 
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treatment with a concentrated aqueous solution of sulphur 

dioxide give rise to a white amorphous precipitate. This 

was tried/but the oil gave only a trace of such a precipi­

tate even after several days. 

To see if the oil would polymerize to a high 

polymer it wa.s heated with metallic sodium B.,nd barium per­

oxide in a sea.led glass tube for 3 da~T8 at 1000 • The 

tube W8·S opened and the cont ent s examined. There was 

no evidence of any polymerization having taken place. 

B-myrcene under such conditions gB.ve, according to Ostro­

misslensky, a rubber-like polymer. 

The index of refraction of the oil was then 

taken and was found to be very close to that of dipentene 

under the same conditions. A source of white light was 

used, with an Abbe refractometer in each case. The tem­

perature was kept constant at 14.5°0. 

Oil 
Dipentene 

Ostromisslensky's B-myrcene gave a much higher value than 

dipent ene, i. e. 1l';6 1. 536£11. 

As it now seemed almost certain that the oil 

was not B-myrcene it was thought safe to distil it at 

atmospheric pressure. This of course could not be done 

with B-myrcene because under such treatment it would poly-

merize. In this case, however, after distillation there 



were no signs to indioate that polymerization had taken 

place. 

Fraction (1) 
(2) 
(3) 
(4) 

Up to 172°0. (corr.) 
172 - 174 
174 - 176 
176 - end. 

On distillation of a sample of dipentene most of the oil 

came over between 1740 and 1760 0. (B.P.of pure dipentene 

175-176 0 0.). But in this case fractions (2) and (3) were 

of equal volumes and included most of the oil. It looked 

therefore~as though some other oil were present besides 

dipentene (whioh was identified later). 

The following values for the refractive index 

of dipentene and the different fractions of this oil were 

obtained when a source of white light was used with an 

Abbe/refractometer. 

Dipentene (B.P.174.0-176.0)1lpl.4745 at 18.6°0. 
Oil (B.P.172 -174) 1.4750 at 16.5 
Oil (B.P.174 -176 ) 1.4753 at 16.5 

These results were in ea.ch case the mean of at least 

four different readings. 

Preparation of Tetrabrom1de 

Small samples (1-2 cc.) of each fraction of 

the oil and of dipentene (B.P.174-176°c.) were taken and 

treated with four parts of absolute alcohol and faux parts 

of absolute ether and saturated in the cold with bromine. 

These were allowed to stand in an ice box for two weeks. 
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The solutions were evaporated. The residue in each case 

consisted of crystals mixed with a very viscid oil. In 

the case of dipentene however the proportion of oil to 

crystals was much less than with the fractions of the other 

oil. After several recrystallizations from ether, the oil 

was removed from the dipentene tetrabromide and. its melting 

point found to be 125°0. The original melting point ranged 

between 1030-115°0. After 12 recrystallizations the melting 

point of the tetrabromide from the unknown oil was found to 

have risen from between 90 0 and 10500. to 1240 - 125°C. 

J)ipentene by this method WPB shown to be nresent in ea.ch 

fraction of the 011. 

Attempts to prepare a nitrosite from the 3 fractions 

of the oil resulted only in the formation of very viscid oily 

products from which no crystals could be separated. The di­

hydrochloride too could not be prepared in a crystalline 

form. 

This oil then was not B-myrcene or an open chain 

dimer of isoprene intermediate between it and. its caout­

chouc-like polymers, but a mixture of cyclic dim'ere con­

sisting mainly of dipentene. 

Ex!eriment B. 

As it was known now that the isoprene used in 

the above experiment was not as pure as thought originally, 
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the procedure was repea.ted using isoprene purified by 

the tetrabromide method. 50 cc. of this pure isoprene 

was introduced into each of 6 Pyrex tubes. The iron con­

tainer was not used in this experiment as Ostromisslensky 

had on one occasion definitely specified glass. The tubes 

were about the size of an ordinary Car ius tube. These were 

cooled by means of solid carbon dioxide and sealed carefully. 

They were then heated on a water bath at 85°0. for 98hours. 

Thus all the details given by Ostromisslensky (~ have 

been adhered to closely. At the end of the period mention­

ed, the tubes were opened and the colorlesB syrupy solu­

tion removed. The unchanged isoprene was recovered from 

this by distillation at atmospheric pressure. The residue 

consisted of a rubber-like polymer and an oil. The latter 

wa~8 separated from the high polymer by diet illing it off 

first a.t a pressure of 9 mm. of mercury and then at 1 to 

2 mm. The distillate was collected in a flask cooled in 

solid carbon dioxide moistened with ether. The distill­

ation was continued till the weight of the undist111able 

residue remained constant. Both distillations were car­

ried out on a water bath in order to prevent any further 

polymerization or change in the character of the products. 

The oil, amounting to 19.5 grams, obtained this 

way was dried over calcium chloride and then redistilled 

from a water bath under a pressure of 7 mm. of mercury. 



The boiling point of the mixture rose rapidly to 53°0. 

and then very slowly till at the end of the distillation 

it had reached 5~oC. Only a very slight residue remain­

ed in the distillation flask. The mixture was fraction-

ated ander the same pressure as before. Two fractions 

were obtained. 

Fraction 
and Weight 

Boiling point at 
a pressure of 7 mm. 
of meroury 

Up to 5300. 

Index of 
refraction 
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7.3 grams 

41=11 

mainly at 52-53°0. 

53°-54°0. ~5 = 1. 4-713 

ll.lt grams 

#111 

75 grams 

residue not determined. 

The table shows that fraction #1 had very low 

refractive index. This was proved later to be due to the 

presence of isoprene in it. The refractive index of 

fraction #11, however, was close to, but slightly lower 

than that of dipentene under the same conditions. The re-

fractive index of the residue was not measured. 

These three fractions were then distilled at 

atmospheric pressure. The fractions obtained and their 

properties are listed in the following table. 
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Fraction Boiling Point Index of Remarks. 
Refragtion 
at 26 c. 

1 Up to 128°0. Consisted mainly of iso-
prene.Gave a heavy white 
precipitate with aqueous 
solution of sulphur dioxide. 

2 128°-171° 1.~67 Slight precipitate with an 
(mainly be- to aqueous solution of sulphur 
tween 160 0 1.4670 dioxide. 
-1710 ) 

3 171°-174° 1.4705 Very slight white precipitate 
1.4710 with aqueous sulphurdioxide. 

174°-175° 1.1+723 No precipitate with aqueous 
to sulphur dioxide solution 
1.4726 

5 residue 1.4~27 A viscid oil. Slightly brown 
to in color. 
1.4820 

The residue was then distilled under reduced press-

ure and a few drops of a clear, colorless oil were obtE.iI"}ed. 

The index of refraction of this was measured at 25°0. and 

found to be 1.4730. The residue from this was a dark brown 

and very viscid oil. It dissolved in benzene but when treated 

with absolute alcohol a very small quantity of fine crystals 

separated out. The oil obtained from residue *5 became very 

viscid on standing in the presence of air and when treated 

with absolute alcohol gave a crystalline precipitate close­

ly resembling the above. The quantity of thse crystals was 

very, very small so that analysis was impossible but the 

conditions under which they were formed indicate that they 



were probably an oxidation product of the original oil. The 

other fraction showed a marked increase in refractive index 

even on standing in corked test tubes, but did not give any 

crystalline precipi tat e with absolut e~ .alcohol. 

This oil too showed no tendency towards polymer­

ization when treated with sodium and barium peroxide for 

3 days at 100°0. 

The above data shows then that the oil obtained 

in experiment B was practically identical with that obtain­

ed in experiment A. 

The above experiment was repeated at a higher 

temperature (experiment C). 60 cc. of pure isoprene were 

heated in a Pyrex tube for 12-1/2 hours at 145°0. + 1·5°0. 
The dimer was separated from the rubber-like polymer and 

unchanged isoprene by distillation first at atmospheric 

pressure and then under reduced pressure as in experiment 

B. Distill~tion of this oil under reduced pressure and 

at atmospheric pressure gave fractions whose boiling points 

and refractive indices were the same as those of the corre­

sponding fractions obtained from the oils formed in exper­

iments A and B. When pure isoprene was heated for 5-1/~ 

hours at this temperature the same oil was obtained (exper­

iment D). 

Experiment E. 

In a second method given by Ostromisslensky (l'a) 



for the preparation of B-myrcene, pure isoprene (1 kilo­

gram) was heated with benzoyl peroxide (50 grams) for 10 

days at 90 0 0. This procedure was repeated but, as in 

all previous experiments, too, smaller quantities had to 

be used. 50 cc. of pure isoprene and 1.71 grams of ben­

zoyl peroxide were introduced into each of three Pyrex 

tubes and sealed up carefully. These tubes were then 

heated on a water bath for 10 days at or within a degree 

or so of 9000. In this case, too, most of the isoprene 

remained unchanged. The solution was distilled on a 
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water bath to get rid of this isoprene and the residue 

treated with steam. The oil/which distilled/was separ­

ated from the layer of water and dried over calcium chlor­

ide. It was then distilled under reduced pressure. At 

10.5 mm. of mercury the boiling point rose rapidly to 61.5°0. 

and remained constant there till the distillation was finished. 

The boiling point in this case was slightly higher than that 

of the previous samples of oil. Two fractions were obtained. , 
Fraction Boiling pOint N25 d25 

(10.5-11 mm.) D 4 

1 Up to 61.5 c. 1.4710 ,832 
(mostly at to 1.4713 
60-61. 50C.) 

11 61·5 1·4-727 ·g3~ 

In its action towards an aqueous solution of sulphur 

dioxide it behaved like the previous oils. 
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ThUS, though isoprene has been polymerized under 

the various conditions mentioned, the oily polymer obtained 

in each case seems to be the same. ]!olecular weight deter­

minations have shown it to be a dimer or a mixture of dimers. 

It has been shown too that it possessed two double bonds 

per (C10H16) unit. The fact that it gave only a slight 

precipitate with an aqueous solution of sulphur dioxide 

proves that these double bonds are not conjugated. Thus 

the possibi:J.lty ·.-of the presence of any open chain dimer 

of isoprene in this mixture in more than traces, is elim-

inated. The fact that the oil was a mixture was proved 

by the fact that it could be distilled and fractions of 

different boiling points and refractive indices obtained. 

These constants indicated the presence of dipente·ne. This 

was proved when dipentene tetrabromide was isolated from 

the products, obtained on brominating the oil. The low 
the 

refractive index ofAoil and the fact that it did not 

polymerize on being heated with sodium B.nd barium per­

oxide also showed that neither B-myrcene nor any other 

product, intermediate between isoprene and its rubber-like 

polymer,were present. 

Though nothing fuxther can be said definitely 

concerning the composition of this oil, a comparison be-

tween the physical constants and general properties of 



its various fractions (experiment B) with those of the 

compounds in the following table brings out the close 

resemblance between them and Lebedeff's and Aschan 1 s 

dimers. In fact the main fraction obtained corresponds 

closely to Aschan's 'diprene' which was obtained in a 

similar way. A small fraction too has been isolated which 

corresponds roughly to Lebedeff's dimer in boiling point 

and refractive index. The constants oOf the oil also re-

semble those of myrcene and Harries( dimer but it has been 

shown tha~ these cannot be present, as they are open chain 

dimers, each containing three double bonds, two of which 

are conjugated. 

It is expected that when a larger quantity of 

this oil has been accumulated a closer study may remove 

Borne of the doubt as to the nature of its undetermined 

const i tuent s. 

Boiling point ~ND Density Remarks 
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Compound 

B-myrcene 5goC. 1.536g d~ .g472 
(13 mm) at 26°0. 

Gives a white precip­
itate on addition of an 
aqueous sulphur dioxide 
solution.On being heated 
with sodium and barium 
peroxide it gives a 
rubber-like polymer. 

Myrcene 56-7 
(12 mm) 

Can be distilled without 
polymerizing.B.P.16 
(260mm).Gives a white 
precipitate with aqueous 
sulphur dioxide solution. 
Naturally occurring. 



Compound 

Harries' 
crude open 
chain (1) 
dimer (12) 

Lebedeff's 
cyclic 
dimer (31) 

Aschants 
dimer(32) 
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Boiling point NnDensity Remarks 
63-5 1.~7408 d1~ .8451 Forms an oily tetra-

(14 mm) (180 ) 1 bromide 

lt1+00. 
(9 mm) 

1.4638 d~O .8331 B.P.160-1(760mm) 
(200C) FarIns a t etrabromide. 

171.5 to 1.46960 d~O .8481 Gives an oily tetrabro-
173°0. (23.4) mide.Does not polymerize 
at 752m~. to a rubber-like polymer. 

Gives a crystalline 
tetra bromide. 



The Polymerization of Dimethylbutadiene and the Examination 
of its Lower Polymers. 

In ord.er to find out if any compound comparable 

to B-myrcene could be isolated from the products of the 

polymerization of dimethylbutadiene,the following experi-

ments were carried out. 
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In experiment #1 two tubes, each containing 50 cc. 

of pure dimethy1butadiene were heated in a water bath at 

8500. for 101 hours. At the end of this time the tubes 

were opened and the clear syrupy liquid poured into a 

flask. The unchanged diene was removed from the rest of 

the solution by distillation at atmospheric pressure. The 

oily polymer wa,IS then diet illed from the rub·ber.l' under re­

duced pressure,in the ~ame way as described in experiment 

B. The amount of· oily polYlner formed in this case waJs very 

small/so this experiment was repeated in experiments 11 and 

III but the period of heating was increased to 154 hours 

and 250 hours,respectively. The ana.lyses of these tubes 

were carried out separately and showed that there WB.S s,n 

increase in the amount of oil formed as the time of heat-

ing was increased but that it wa,s still very slnall. Accord­

ingly 375 cc. of pure dimethylbutadiene (experimentI~ were 

heated in 5 sealed tubes in a water bath at ~50C. for 120 

hours. The oily polymer formed was isolated as before and 
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added to that already obtained. 

The crude product, 5 or 6 cc. in all,was dis-

tilled at a pressure of 10 mm. and its boilin~ point found 

to be about 800. Its index of refraction at 26°0. was 

1.~775. It gave no precipitate with an aqueous solution 

of sulphur dioxide. On being heated at 10000. in a sealed 

tube for 4 days, the oil became slightly viscid (N~6 1.491) 

and colored but gave no precipitate when added to alcohol. 

In experiment V ,lOO cc. of pure dimethylbuta­

diene were heated at 145°0. for 12-1/2 hours. The oily 

polymer was separated in the usual manner. After purifi-

cation it gave no precipitate with an aqueous sul~hur 

dioxide solution. When boiled at a pressure of 74g mm. 

of mercury it showed a very sharp fraotion at 19~O-200o c. 
Its refractive index at 21° C. was 104799. 

The following table gives the physical properties 

of the above oils and those of the dimer isolated by 

Lebedeff (31) and Ascllan (32) froln the polymerization of 

dimethylbutadlene. The' same compound was isolated by 

Kandakow ('~) and also by Richards (I') from the pyrogenic 

decomposition products of d1methylbutad1ene rubber. 

BOILING P0INT NO. 

Lebedeff's 20~O C. (~50 mm.) 1.47716 at 19.7° c. 
compound (~ 0 a.t 1 mm. ) 

Aschants 200·5 201·3 1.47915 at 20° C. 
compound (~7° at 12 mm.) 

R1chards 205 0 c. 1.47786 at 25
0 o. 

g~O P01rmer Approx. gO 0 C. ( 10 mm.) 1.~775 at 250 c. 
1 5° Po ymer 198-200 (74~ mm.) 1.4799 at 21° C. 
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The oil obtained at both temperatures is obviously 

the same. Its properties agree well with those of the 

dimethyldlpentene described by the above-mentioned workers. 

Thus, too, by the polymerization of 

dimethylbutadiene, no open chain compouDd intermediate 

between the d1ene and the high polymer has been 

obtained. 



The Eff'ect of Temperature and Time of Heating upon the 
Polymerization of Dimethylbutad1ene. 

In order to determine the effeot of temperature 

on the rate of polymerization and the yield of d1mers and 

high polymer, dimethylbutadiene was kept in tubes, sealed 

at atmospheric pressure for different lengths of time, at 

temperatures varying from 45°0. to 145°0. After this 

treatment was over the tubes were opened and the contents 

transferred to a tared-flask. The unChanged diene WB,S 

.removed by distillation, from a water-bath, at atmospheric 

pressure. Then the diene was distilled from the residue 

under reduced preSSURe and collected in a flask cooled with 

solid carbon dioxide ~mo~'s'teheiii with ether. This dist111a-

tion was carried on till the flask and its contents no 

longer lost in weight. The flask was rewelghed. The 

d&fference between this weight/ and that of the flask alone., 

was taken as the weight of high polymer. To determine the 

yield of dimer the product obtained from the vaouum 

distillation was evaporated under reduced pressure till no 

more d1ene came off, or else distilled in vacuo and 

fractionated. The results obtained are tabulated in the 

following table. 

-51-
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Weight Reaction Reaction ~ of diene % of diene % of diene Ex-
of dlene carried carried polymerized converted converted peri-
used on for on at to high to dimer* ment 

polymer 

725· ~O days room 3· 45% 3·45% None VII 
tempera-
ture 

171+· 5 10 days l.J.5° approx-19.25 19·25 Traces VIII 
12 hours imately 

72·7 1+ days 5 g5° ll.~ 10·5 .9 I 
hours approxi-

mately 

72·7 6 days g5OC. 15·3 13·g 1·5 II 
10 hours 

72·7 10 days 85°0. 22·3~ 19.6 2·7 III 
10 hours 

14·5 37 days 85°0. 49··7% Not deter-
11 hours mined VI 

72·7 12-1/2 11+5 0 26.7% 15·6% 11.1% V 
hours 1.5°0• 

The polymer in experiment VII was formed in a sample of 
CL 

dlmethylbutadiene which had been standing 1nAsealed pyrex flask 

in the laboratory. In experiments I, 11, II1, VI and VIII the 

tubes were heated in a wate~bath, but in experiment V the heating 

wes carried on in a bomb furna,ce. In 8.11 cases the tubes were 

of the same size (volume 105 ac.) and the same amount of liquid 

(50 o.c.) was put into each. This was found to be an important 

factor as the amount of air in the tube greatly influenced the 

rate of polymerization. 

• The d1mer obtained in these experiments (and #4-) has been 
described in a previous section. 

In Experiment IV, when a larger type of tube (volume 

250 o.o.) was used, 272·5 grams of d1ene (75 o.c. in each tube) 



o 
when heated at 85 C. for 120 hours, gave 50 grams of 

rubber-like polymer -- (1~.3%). This yield is much higher 

than the da.ta in the table would indicate. However, these 

results are not Burprising as it, is a well known fact that 

oxygen, oxides, ozonides, peroxides and other oxidizing 

agent~ exert a definite catalytic influence on the poly­

merization of such dienes as this. 

In experiments. I, II, and III the ratio of the 

amount of oil to the amount of rubber-like polymer is not 
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a constant. This however cannot be taken to disprove Lebedeffts 

rule as the experimental error in handling these small 

quantities (.7-2 grams) was relatively great. Also as in 

these cases the oil was not distl11ed} any impurity 1~ the 

original diene would be concentra,ted here. It has been 

shown by Lebedeff, Harries and others that after B. certain 

point has been reached the rate of pol~aerizat1on decreases. 

In the present work, experiments I, 11, III and VI bear out 

this fact. 

The effect of temperature on the rate of poly­

merization of d1methylbutadiene is also brought out in this 

table. This is shown for instance in experiments VIII and 

III where a difference in temperature of 40°0. causes a 

difference of 99-1/2 days in the time of heating required to 

bring about approximately the same percentage conversion of 
o 

diene to high polymer. The yield obtained at 145 C. is quite 

in accord with the results of Lebedeff (31) who found that 

when dlmethylbutadiene was heated for 5 hours at 150°, 15·1~ 



of the dlene was polymerized and for 15.5 hours at the same 

temperature 3g.~ was polymerized. At these higher 

temperatures, as Lebedeff, Harries and others have already 

notiOed,the yield of dimer is greatly increased. It should 

be ment 10ned the,t 'the tubes used in the polymerizat ion at 

145°0. were 165 c.c. in volume but the volume of diene (50 coc.) 

was the same. 



The Effect of Polymerization upon the Refractive Index and 
Density of Dimethylbutadlene. 
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In order to determine the effect of polymerization 

upon the index of refraction- and density of dimethylbutadiene 

a number of small tube$, the vola~e of each being about 15 o.c., 

were made up and 5 o.c. of pure diene introduced into each. 

These were cooled i~ solid carbon dioxide moistened with 

ether, and sealed off. They were then hung, by means of a 

copper wire cage, into a constant-temperature bath. This was 

kept at 85° + ~50C. by means of an electric heater and thermo­

regulator l and was stirred efficiently. This temperature was 

chosen as it was known to cause comparatively rapid poly­

merization of the diene to high polymer with only but a small 

amount of dlmer formet1on. jfter the period of heating was 

over the tube;, whose i.fractive index and density was to be 

measured, was removed from the bath and allowed to cool. It 

was then opened and its contents transferred to a weighing 

bottle. The refractive index of the solution was measured 

with an A~be refractometer kept at 24°-25°0. The weighing 

bottle and its contents were placed in a therimostat kept at 

25° + .02°0. and allowed to come to this temperature. The 

density of the solu'tan was then measured. For-this 

determination a small pipette, about 1 o.c. in volume, had 

been previously standardized. This pipette and a tube, which 

was made fit closely over the-outlet of the pipette in order to 

prevent evaporation, were weighed. Then the solution was drawn 

into the pipette ti-ll the meniscus had reached the graduation mark. 

The tube WRS then slipped over the outlet of the pipette and the 
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whole re_e1ghed. The density was calculated from the difference 

between the two weights. The results obtained are shown i~ the 

following table. 

Time a.t .g5° c. 

o 
12 houl'S 

12 hours 

1 day 

3 days 

3 days 

5 days 7.25 
hours 

NB5 

1.lt367 

1.4-420 

1.4.420 

1. 44-35 

1.1+460 

1.lt468 

1.l+4g6 

7 days 18.75 1.4500 
hours 

15 days 12 
hours 

22 days 22 
hours 

24 days 2 
hours 

1. 4590 

1. 4590 

*16 days 22.5 1.4500 
hours 

*12 daye 1.4-499 

• 7335 

· 7372 

.7400 

• 7394-

• 7457 

• 7~69 

Too 
Vis­
cous 
to be 
de­
ter­
.mined. 

• 7469 

g.3% of d1ene 

polymerized to high polymer 

11.2~ polymerized to high 
polymer 

19. g2 ca.lculat ed 

25.5 calculated 

The variation in refractive index with time is shown 

graphically on the following page (Graph I). The change in 

density with time of heating was not plotted but does shOW the 

same general type of curve. 

Two anomalous results were obtained in the experiments 
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marked with an asterisk. Polymerization, as measured by the 

change in'refractive index and density measurements seems to 

have stopped. The cause of this deviation is not known. 

The effect of the air present in B, tube upon the 

rate of polymerization of the diene and consequently upon 

the index of refraction of the resulting solution is readily 

seen in the two experiments whi'ch follow. 10 c. c. of the 

diene were sealed in a glass tube, volume 25 c. c., in the 

ordinary manner. At the same time 10 c. c. were put in a 

similar tube, cooled in solid carbon dioxide moistened with 

ether in the usuBJl ma.nner, but then evacuat ed, by connect ing 

it to a water pump, till the pressure was reduced to 10 mm. 

The tube was sealed off while still at this pressure. The 

two tubes were then heated in the thermostat at g5°C. for 40 

hours. At the end of this time they were opened BInd their 

refract ive 
26 

N· D = 
Nti;6 = 
N55 --

indices measure~ 

1.~440 For solution in tube filled with air. 

1.~~20 - For solution sealed under reduced pressuxe. 

1.4267 - Original refractive index of the diene. 

Thus though the increase in refractive index in 

neither case is great/the "difference between the two cases 

is very noticeable. 

The result s, obt ained from t he refract 1've index and 

density measurements, emphasize a point which has already 

been mentioned. This is -- that polymerization generally 

proceeds rapidly up to a certain point and then slows down. 



The change in refractive index also serves as a 

measure of the extent that the diene has polymerized to the 

high polymer provided that the amount of dimer formed is 

small, otherwise of course a correction would have to be 

made for this. The actual concentration of high polymer 

present in the diene has only been determined in two cases, 

but has been roughly calculated in two other cases and the 

results, with those of experiments I, 11, III and VI, plotted 

(Graph II). The calculations were made as follows. The 

refractive index of pure methyl rubber, as determined by 

Whltby and Maca.llum (43) is' 1.525 (a.t 20°0.) and that of 

the pure diene from which it was prepared was 1.4377 (at 

20°0.) Thus lOO~ polymerization caused a change in index 

of refraction of .0873. Then, having assumed that l~ 

polymerization would ·cause a change of .OOOg73 in the 

refra~ctive index, the concentration correspondi.ng to the 

refractive indices of 1.4540 and 1.4590 were calculated. 

The curves can not be expected to agree very clo.sely as 

the calculation is only very approximate. Also it might 

be noted that in experiments I, II, III and VI the 

temperature was only roughly controlled. So it may be 

concluded that on the whole refractive index measurements 

serve as a convenient method for following the polymeriza­

tion of the diene to high polymer provided that the amount of 

d1mer being formed is not too great. 
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The Effeot of Temperature and Time of Hesting upon the 
Polymerization, of Isoprene. 

The yield of dimer and rubber-like polymer 

obtained from isoprene under a variety of conditions 

are summarized in the following table. In all cases, 

unless otherwise stated, the experiments and analyses 

were oarried out in the same way as with dimethylbuta­

diene. The quantitative results of the experiments men­

tioned in the seotion on the examination of the dimers 

of isoprene are included in this table. 

Reaction 
oarried 
on for-

Reaotion 
aarried 
on at-

% of diene % of diene % of diene 
polymerized converted oonverted 

Remarks 

1 year Temp. of .015 
• an 1oe-

box,spprox-
imately 100 0. 

101 hr. 850 ± 200. 

37 days. 850 ± 20 0. 
11 hours 

24.15 

26.12 

48.23 

70.4 

to high to dimer 
polymer 

.010 

16.25 

17.05 

35.3 

10.03 

15.66 

.005 
(crude 
dimer) 

7.9 

9-.07 

38.20 

54.7 

Isoprene in 
a glass 
stoppered 
bottle.Exp.H. 

ID cc. of diene 
heated in a 
tube,90 cc.in 
volume. 
Expt.G 

50 Qc.in a 
165 cc. tube 
Expt.B. 

Dimer aa gel 
undetermined 
50 co.in a 
165 cc.tube. 
Expt.F. 

56 co.of 
isoprene in 
a 165 co. tube 
Expt.D. 

60 cc.in a 
165 co. tube. 
Expt.O. 



Reaotion 
carried 
on for-

5 hours 

15 " 

Reaction % of d1ene 
carried polymerized 
on at-

1500 0. 53. 

150°0. 79. 

42.7 

~ of diene % of diene 
converted converted 
to high to d1mer 
polymer 

15 27.7 
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Remarks 

Results ob-
tained by 
Lebedeff 

Result ob-
tained by 
Lebedeff 

Expt.A. 
Carried out 
in an iron 
autoclave 

The above table shows clearly the great effect 

of temperature on the velooity of polymerization. Also, a 

oomparison of these results with those obtained on the veloo­

ity of polymerization of dimethylbutadiene shows that an in­

crease in the number of methyl substituents diminishes the 

ease of polymerization. This faat has also been pointed 

out by Lebedeff (31) and more recently by Whitby and Maoall-

In the aase of isoprene too, an inorease in the 

temperature employed for the polymerization greatly increases 

the amount of the dimer formed. However, at a constant temper­

ature I the ratio between the "amount of dimer and high polymer 

formed is a constant. This is evident from the results ob­

tained at 145°0. The presence of a catalyst, as pointed out 

by Lebedeff, may change this ratio. From these results it 

is seen too that the tendency of isoprene to polymerize to 

its dimer is greater than in the case of dimethylbutad1ene. 
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Visoosity and Molecular Weight Measurements of the Dimethyl­
butad1ene Polymers 

After the analyses of the samplesJwhioh had been 

prepared in order to meaSt~e the rate of polymerization of 

dlmethylbutad1ene, there were left in the distillation flasks 

rubber-like residues. It was on these residues that the 

following experiments were carried out. Previous to their 

use, they had to be oareful1y purified. This was done by 

allowing them to dissolve in pure anhydrous benzene and 

then precipitating them ~'ith absolute ethyl alcohol. This 

was repeated at least twice. Then, when the greater part 

of the liquid absorbed by the precipitated polymer had been 

expressed, it was placed in a vaouum desiocator, and the re­

maining benzene and alcohol removed by means of a water-pump. 

After th~ first 10 or 12 hours of this treatment/the desiocator 

was connected to a Hyvao pump for several hours. This pro­

cedure was carried on for 4-5 days ,or till such a time that 

all traces of liquid had been removed from the polymer. This 

was naturally most important as the presence of a very small 

amount of a foreign liquid would have been suffiaient to 

affect seriously a molecular weight determination. since the 

depression of the freezing point of the solvent was only .040 

to .10. It was found too that the polymers were very suscept­

ible to ox"idation and. when not actually being used, had to 

be kept in a vaouum desiccator where the pressure was 9 to 

10 mm. Even under these conditions they oxidized rapidly 



and so all measurements and solutions had to be made as 

soon as the polymers were dry. 

In the preparation of solutions for visoosity 

measurements a definite procedure has been followed. A 

weighed quantity of polymer was put into a small bottle, 

which had been carefully cleaned and dried,and 20 00. of 

anhydrous thiophene-free benzene was added. The bottles 

used were about 50 00. in volume and were in all cases 

stoppered by~a cork oovered with tin foil. They were then 

plaoed in a dark cupboard for eight days. During this time 

they were shaken onoe a day. Visoosity measurements were 

then made as follows: 5 oc. of the sol were transferred, 

by means of a pipette/to an Ostwald viscosimeter which was 

plaoed in a water-bath kept constant at 30.l0~.020C. When 

the sol had reached this temperature its time of flow was 

measured. The time of flow relative to the time of flow 

of the pure solvent (oalled here the relative Viscosity) 

was oalculated. The same viscosimeter was used throughout. 

the time of flow of pure benzene through it at 30.10 0. being 

24.4 seoonds. 

The solutions for the molecular weight determin­

ations were prepared in the same manner as the above, pure 

benzene being used as the solvent. For comparative purposes 

the same amount of solvent (20 oc.) ind approximately the 

same amount of polymer (about .68 grams) have been used. At 

the same time as the solutions were made up 20 co. of pure 
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benzene was put in a bottle under exaotly the same oonditions 

as the sols. All were then put in a dark cupboard and, except 

for ocaasional shaking, were allowed to remain there for 4 

days. The freezing points of the pure benzene and the sole 

were then measured in the usual way. The difference between 

the freezing point of the benzene and that of the sol was taken 

as dT in the ordinary formula, 

where 

M.X: _w __ 
dT W 

M - the molecular -
w - the weight of -
W - the weight of -
K - 5120 -

weight of the dissolved substances. 

the dissolved substance. 

the solvent 

dT - the depression of the freezing point -
It was found that meoh.anical stirring assisted greatly in 

obtaining consistent results and also in preventing exoess­

ive supercooling. As this never exceeded .20 to .30 it was 

not corrected for when the calaulation of molecular weight 

was made. 

The results obtained from relative visoosity and 

molecular weight measurements are given in the following 

tables · The experiments have been numbered here, as through-

out the whole work. 

Dimethylbutadiene 

Experiment I - Polymer prepared by heating dimethylbutadiene 

at 85°0. for 101 hours. Total polymerisation: 11.4%. 



Ooncentration Relative Conoentration Molecular 
in grams per Viscosity in grams per Weight 
20 ac.of 801- 20 Qo.of solvent found 
vent used used • 

• 66'17 3.69 .2121 1443 

.5161 2.80 .3542 2110 

.3231 1.96 .7700 3400 

.1881 1.53 

.0862 1.24 

Experiment 11 - Polymer prepared by heating dimethylbuta­

dlene at 850 0. for 154 hours. Total polymerization: 15.3~ 

Concentration Relative Cencentration Molecular 
in grams per Visoosity in grams per Weight 
20 co.of 801- 20 Qc.of solvent 
vent used. used 

.0819 1.27 .2230 1973 

.2632 1.87 .6788 3982 

.3181 2.15 .6713 4017 

.49'14 2.93 .8597 4067 

.6713 3.82 

.6788 3.83 

.'114'1 4.11 

.8088 4.64 

.859'1 5.08 

.9076 5.36 

Experiment III ~ Polymer prepared by heating dimethylbuts­

diene at 85°0. for 250 hours. Total polymerization: 22.3%. 
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Concentration Relative Concentration Moleoular 
in grams per Viscosity in grams per Weight 
20 Qc.of sol- 20 Qc.of sttlvent found 
vent used used • 

• 2121 1.'18 .2615 2402 

.3270 2.25 .6971 4645 

.4600 3.00 

.6454 3.93 

.6971 4.55 

.8143 6.1'7 

.8990' 6.38 

The point with a relative viscosity of 4.55 does 

not fall on the ourve. This is probably due to a slight 

evaporation having taken plaoe during the moleaular weight 

determinations for which it was also used. 

Experiment V - The polymer was prepared by heating di-

methylbutadiene at 1450 0. for 12-1/2 hours. Total poly­

merization: 26.7%. 

Concentration 
in grams per 
20 ac. ot sol­
vent used. 

.2363 

.453'1 

.6804 

.6885 

.8626 

Relative 
Viscosity 

1.41 

1.81 

2.30 

2.34 

2.84 

Concentration 
in grams per 
20 co.of solvent 
used. 

.6804 

.6885 

Moleoular 
Weight -found 

2100 

2175 

EBperiment VII - This polymer was formed at room temper­

ature. Total polymerization after 80 days: 3.45%. 
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Conoentration Relative Conoentra.tion Moleoular 
in grams per Viscosity in grams per Weight 
20 co.of 801- 20 Qc.of solvent found 
vent used. used • 

• 2435 1.31 .6838 1700 

.4'105 1.62 .6612 1'199 

.5345 1.'12 .6922 2278 

.6305 1.87 

.6813 1.99 

.'1477 2.11 

.7961 2.23 

.9031 2.33 

Experiment VIII - In this experiment the polymer used was 

prepared by heating d1methylbutadlene at 45 00. for 10-1/2 

days. Total polymerization: 19.25%. 

Concentration 
in grams per 
20 cc.of sol­
vent used 

.2418 

.4489 

.5255 

.6883 

.7315 

.8570 

Relative 
Viscosity 

1.53 

2.06 

2.24 

2.'16 

2.79 

3.05 

Conoentration 
in grams per 
20 co.of solvent 
used. 

.2418 

.6883 

.7315 

.8570 

Moleoular 
Weight 
found 

529 

1923 

2102 

2294 

It will be notioed that in some cases, solutions 

which were used in the molecular weight measurements were 

used again when the viscosities were being taken. This previous 
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treatment was i~general without any effect on the 

viscosity of the solution. It was found that ooollng, 

even to the temperature of solid oarbon dioxide for 

12 hours,has no permanent effeot on the visoosity of 

the sol. 

The above conoentration and relative viscosity 

data are plotted on Graph 3. 

The curves show that for a given concentration, 

suoh as has been used throughout, that is about .6 - .7 
20 

grams per/co. of solvent used, there is a definite increase 

in visoosity as the molecular weight of the polymer in-

creases. This has also been shown to be the case with 

such polymers as polyindene, meta-stYrene and poly-anethole, 

by Staudinger (33) and Whitby and Kstz (34). 

Whitby and Katz have also shown that in the 

oase of 1ndene,the moleoular weight of the polymer in­

creased as the preparation of indene whioh had undergone 

polymerization increased. Experiments I,ll and III are 

in agreement with these results and show an increase in 

viscosity and moleoular weight as percentage of diene 

converted to the high polymer increased. 

It has also been shown by these workers that 

the molecular magnitude of the polymer ultimately attained 

when polymerization was practically complete, appeared to 

be lower the higher the temperature employed, When 
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polymerization was in its early stages this was not 

necessarily true. The first observation is borne out 

by the difference in molecular weight and visoosity. 

when in solution. shown by the polymers prepared at 

1450 0. and 8500. The lower viscosity and moleoular 

weights of polymers prepared at 45°0. and at room tem-

perature bear out the second observation. 

There is also a noticeable difference in 

solubility between polymers of different moleoular 

magnitudes. The produots with low molecular weights 

have a much greater solubility than the~hlgher polymers. 

This is particularly noticeable in the case of a product 

which was obtained from the diene by autopo1ymerizatlon 

at room temperature. Though at the moment of writing. 

it has been standing under benzene in the dark for 
and ;s 

3-1/2 weeksAnow in a very swollen condition, it has not 

dispersed. It is evidently then a very high polymer as 

even the produots obtained at 850 0. dissolved in 2 or 3 

hours. It appears then that dimethylbutadiene too con­

forms to the observation made by Whitby and~taudinger, 
that as polymerization approaches oompletion the poly­

mers obtained stlow temperatures show muoh higher molec­

ular weights then those prepared at a higher temperature. 

That the molecular weight of the polymer has a 

great e~Iect on the visoosity of its solutions has already 

been pointed out. So it might be expected~sinQe the 



visoosity of a sol decreases rapidly with decrease in the 

concentration of the polymer, that the moleoular weight 
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of the polymer, too, would decrease. The results tabulated 

above show that such is the case. These experiments on 

polymerized dimethylbutadiene then,sgree well with the work 

of Pummer, Nielsen (25) and Gftndel, who have found such to 

be the case with purified natural rubber. Their results 

indicate 520-620 as the lowest value for the moleoular 

weight of oaoutchouc. This oorresponds to a molecule con-

taining 6 isoprene units. The present work, though not 

complete enough to permit any definite statement to be 

made, also indicates for the dimethylbutadiene polymer, 
abouf 

a molecule containing the same number of basic units. 
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Viscosity and Llolecular ·~1eigllt Deternlinations of the 
IsoErene Polymer~ 

Upon the rubber-like pol~1ers o~tained from 

experiments 3,C, and H, molecular weight measurements 

have been made by the cryoscopic method using benzene as 

the solvent. Also the relationships between viscosity and 

concentration have been determirledfor solutions of these 

polymers in "benzene. ~~::{~~ .. ctly, the same procedure has been 

followed with these as with di~ethylbutadiene polymers. The 

results obtained have been tabulated in the fol10~jing tables. 

Experiment H - Pol~ner obtained by the autopolymerization of 

isoprene at 100e. over a period of one year. Total polymer­

ization: .01510. 

Concentration in 
grams per 20 cc. 
of solvent used 

.0512 

.1172 

.2912 

.4920 

~elative Viscosity (at 30.loC.) 
(measured after 21 days in this 
case) 

1.24 

1.60 

2.57 

6.13 

Experiment B - This polymer w~s prepared by heating isoprene 

at 8,°0. for 9~1/2 hours. Total polYweri~ation: 26.1210. 

9oncentra~bon 
~n grs.per cc. 
of- solvent used. 

.1290 

.202.5 

.4710 

.4997 

.6810 

.6862 

.728, 

.8292 

.9316 

~e1ative 
Viscosity 

1.34 
1.81 

3·10 

3·24 
4.62 

4.66 
4.79 
.5·92 
6.44 

Concentration liolecular 
in grs.per 20 cc. Weight 
of solvent used found 

.2627 

.6808 

.6810 

.6862 

.8292 

3348 
4870 
4893 
.5158 
4680 
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EXJ?eriment C - The polyrner used in this experi~]ent was 

prepared. by heating isoprene at 14,°0. for 12-1/2· hours. 

To ~.~l po lymer iza t ion: 70.470 • 

-71-

Concentration Relative Concentration ilolecular 
in gr~_per 20 cc. Viscosity 
of so.lvent used 

.2317 1.97 

.4440 3·03 

.6947 4.6.5 

.6982 4.69 

.8268 5.78 

in grs.per 20 cc. Weight 
of solvent used found 

.2317 

.4440 

.6982 

.8268 

2613 

3617 

4761 

4753 

The results of these measurements are plotted on 

Graph IV. 

In experi~ent I at higher concentrations the sol 

did not show the viscosity it was expected to have. The ex­

planation of this anomalous result was that,as the polymer 

went into solution/it absorbed all tne benzene in the bottle 

and consequently in such a swollen condition it was oxidized 

very readily. 

The results obtained in these three experi~ilents 

are quite in accord ~ith the work on dimethylbutadiene and 

the v/ork of ~/lhi tby and .i:8. tz t and Staudinger. The po IF~er 

prepared at the low temperat~re mentioned sqows a higher 

viscosity than tllOS~ at the higller temperatures t even 

though the percentage of polymerization is lower. also the 

polymer prepare·d. at 85°C. shovvs that it is of the same 

molecular magnitude as that prepared at 1450C. where the 

percentage of polYInerization vias much greater. So t as the 
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molecular weight of a polymer is known to increase as the 

time of heating at a constant temperature is increased, it 

is reasonable to believe that, tLe ultimate product obtained 

at 850C., would be much greater than that prepared at 145°0. 

The variation of the molecular weights of these 

polymers with the concentration employed in their deter­

mination is similar to the results obtained on dimethyl-

butadiene and also with those of Pummerer and his co-workers 

on natural rubber. 

Further experiments on these points have been start­

ed, but, at the moment of writing this theSiS, are not ready 

for measurement. 
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The Fall in Viscosity shown by Solutions of Polymerized 
Dimethylbu~adiaene ap_d I.soprene on keeping. _ 

It was found that the solutions whose viscosities 

have been given in previous sections showed a very :~arked 

decrease in viscosity on keeping. These sol~ were kept 

in tIle original bottles in a dark cupboa-rd 8.,;lC.l vvere only 

brought into the light or opened to the atmosphere when 

s~~ples were bei~g removed for measurements of viscosity. 

J:he diLletllylbut2.diene pOl~T:~lers and isoprene pol~l~llers, both 

exhibit this property as the following tables show. 

The Change in Viscosity (Ti~e of Flow in Seconds), of 
a sol of Polymerized Dilnethylbutadiene with Time . 
Concentration Ti:-lle o:f flovv l'i:ne of flovv Time of flow 
in grams per of sol 8 days of sol 17 days of sml 33 days 
20 cc.of 801- after its pre- after its pre- after its pre-
vent paration paration paration 

.8990 15.5 .4 secs. 11,.0 secs. 81.6 secs. 

.8143 126.2 98.9 73.6 

.64,4 95.8 78.4 61.6 

.4600 73·2 63.4 51.7 

·3270 ,5·0 .5 0.0 43.9 

.2121 43·3 41.2 37.7 

~ i~]G of flovl of pure benzene' \"/as 24.4 s eos. The above 
results are plotted on Graph V. 

, 

Change in Viscosity (Ti~e of Flow i~-3econds)t of a 
sol of PolYm.erized' IS0..Er~ne \v,i th Tilne 

COllC entra tion 
in grams per 
20 cc.of sol­
vent 

.8430 
1.0,06 

·39°0 

Time of flow Ti~e of flow 
of sol 7 days of sol 21 days 
after its pre- after its pre~ 
paration paration 

221.2 

86.9 

187.2 
240.2 
84.9 

Time of flow 
of sol 46 days 
after its pre­
paration 

12.5 • 2 
16,.7 

80.2 
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It is evident from this data that the higher the 

original viscosity the greater is the initial decrease. Also 

as ti~~le go es on I the decrec.,s e in the viscos i ty of the sol per 

unit of tirne becomes less. 

In order to find out TIhether or not the change in the 

properties of the sol resulted from a permanent change in the. 

polymer,the following experiments were carried out. A solution 

containing .7147 gr. of polymerized dimethylbutadiene to 20 cc. 

of solvent, whose relative viscosity was 2.23 (at 30.10 C) and 

whose viscosity 53 days previous to the experiment was 4.23, 

was poured into absolute alcohol. As the precipitate would 

not coagulate t}:.e mixture had to be evaporated at room tem­

perature. Even when dry the residue was sticky and entirely 

different from the originally tough, elastic product. A so­

lution was then made pp to exactly the same concentration as 

the original, and its viscosity measured on the next day at 

30.10 C. The relative viscosity found was 2.23. The experi~ent 

was repeated with a sol whose relative viscosity was 2.38 and 

whose viscosity 53 days previous to this ,\vas 4.6,. After evap­

oration the residue in this case was dissolved in benzene and 

reprecipit~ted. It was then dried and made up to the same con­

centration as the original sol, ~.e •• 8088 grams in 20 cc. of 

solvent. The relative viscosity was found to be 2.40, in this 

case too, the same as that of the sol,immediately preceding 

the experiment. The change then is evidently permanent because 

for the same cq~ncentration, the initial relative viscosity cannot 

be attained. Knowing the susceptibility of the polymer itself, 



to oxidation a probable cause of such a change would 

be oxidation due to the presence of the air in the con-

taining bottle. ·So it was decided to introduce into a 
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sol an antioxidant to see if this would preuent the de~ 

crease in viscosity from taking place. ~ccordingly 10 cc. 

of a benzene solution of PolY~11erized dimethylbutadiene were 

placed in a small bottle. This was stoppered well and placed 

in a darl~ cupboard. ;.t the same time 10 cc. of- the same 

solution of di::lethyla~~lili!1et.~Jere placed in a similar bottle 

[:_Ild put away. The diL.T1ethylaniline solution contained 2.3148 

grruns of dimethylaniline per 20 cc. of benzene. The two so-

lutions were alloTIed to stand for 6 days. Then to the first 

solI cc. of di:~1etllylaniline solution was added. After 12 

hours t~e viscos1t~o1 the two sols were measured in the 

swne viscosimeter. It was found that the tiille of flow of 

the solution", vvhich had the di:ilethylaniline present in it 

during the whole time, w~s 46.6 seconds while that of the 

other vias 44.4 seconds. UnfortUlla t ely tllis sol t \vhich was 

the only one available at the ti~e, had a low viscosity so 

no great difference between the two could be expected. But 

even this result indicates that pxidation of the polymer 

is the cause of the fall in viscosity that these sola 

undergo on keeping. 



The Surface Tension of Benzene Solutions of Polymerized 
Dimethylbutadiene 

For the measurement of the surface tension of 

solutions of polymerized dimethylbutadiene in benzene a 

Du Nouy apparatus was used. The conoentration used 

varied between .0862 to .6677 grams of polymer in 20 cc. 

of benzene. but the results obtained showed that the poly­

mer had no effect on the surface tension of the solvent. 

All measurements were made at 21.6°0. 

The Unsaturation of Polymerized Dimethylbutadiene 

The polymer ~pon which the measurement of un­

saturation was made. had been prepared by heating pure 

dlmethylbutadiene at 85 00. for 101 hours. It then was 

purified by dissolving it in pure benzene and precipi­

tating it with alcohol several times and finally by pro­

longed drying in a vaouum desiccator. The method o.f A.R. 

Kemp (5,) was followed olosely and, as full detajls are 

given in the original paper/they will not be repeated 

here. The iodine numbers obtained ~ere, 309.1, 307.8, 298.6 

and 297. These values oorrespond very olosely to the oal­

culated value (309.1). This oalculation is based on the 
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assumption that there is presemt in the molecule, one double 

Determinations of unsatur-

ation then indicate that the polymer is a ring compound. 

This method gives similar results with natural rubber; that 

1s, it indicates the presence of one double bond per (CsHa) 
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unit. But as Pummerer has pointed out it is doubtful if 

such methods as this are aocurate enough to differentiate 

between an open-or~closed~chain compound containing say, 

6 to 10 isoprene moleoules. The same, of course, would 

apply to polymerized d1methylbutadiene. 

The Fractionation of a Polymerized Dimethylbutadiene 

The method used for this purpose was that of 

fractional precipitation. 5.5 grams of the polymere were 

dissolved in 50 00. of pure benzene. Then a solution of 

80 parts of absolute alcohol to 20 parts of benzene was 

added till a faint cloudiness appeared in the solution. 

This mixture was allowed to stand over-night. In the morn­

ing it was found that two layers had separated out. The 

upper one (Fraction 1) was quite fluid but the lower one 

(Fraotion Il) was very viscid. The two layers were separ­

ated and the polymer precipitated from them by the addition 

of absolute alcohol. The precipitate: was dried carefull~ ., 

in vacuo. It was found that the heavy layer' oontained most 

of the polymer. Solutions of the two fractions were made 

Ior visqosity measurements. The conoentration used was .8544 

grams per C.o. 

The residue from Fraction II was dissolved in 

benzene, using approximately the same concentration as be­

Iore, and again fraotionally preoipitated. Two layers, the 

upper one (Fraction Ill) and the lower one (Fraction IV) 

were separated and treated as before. The solutions for 



-78-

the viscosity measurements were prepared as in the previous 

case. The viscosity of the four fraotions was then measured. 

Fraction Time of flow 

I 55.4 secs. 

11 72.1 If 

III 67.8 " 

IV 81.3 " 
The remainder of Fraction IV was not treated 

further. 

It is evident that in the case of polymerized 

dimethylbutadiene too the product is a mixture of polymers 

of different moleoular magnitude. This was showh by Whitby 

and Katz, and Staudinger to be true of the polymers they 

dealt with. 

The InIluence of Various Reagents on the Polymerization 
of Isoprene 

The following table gives the qualitative results 

obtained when 1/2 cc. of isoprene wes treated by the reagents 

mentioned.. 

Reagent 

2 drops SnC14 

2 drops SbC15 

Result 

Completely polymerized in 3 hours. 
Product was a olear amber colored 
mass and was not elastio. On warming 
it becomes elastic as shown by oom­
pression between fingers and less 
clearly by stretching. Product swells 
in benzene but does not dissolve. 

Violent reaction. Product a pitchy 
material, soluble in benzene. 



2 drops SbC15 
(isoprene cooled 
in solid oarbon 
dioxide) 

5 drops of a 20% 
solution of SbC15 
(in ohloroform) 

A little finely 
powdered SbC13 

The same to 1so­
p:tene oooled in 
solid carbon di­
oxide 

Finely powdered 
FeC13 

Finely powdered 
FeBr3 

Finely powdered 
thorium bromide 

5 drops of a 20% 
B C13 solution Cin 
chloroform) 

5 drops of a 20% 
B Br3 solution(in 
chloroform) 

Finely powdered 
Al 013 

Product very similar to that obtained 
by SnC14 

Orange colored product. very similar 
to that obtained with SnC14 
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Violent reaction acoompanied by charring 

Product similar to that with SnC14 

Only slight effect even after st&lding 
2 days. Solution bluish green color. 

Only slightly polymerized after 12 houxs. 
Product a dark brown gel with the con­
sistency of a weak vulcanized 011. 

No evidence of polymerization 

Slight evidenoe of polymerization after 
standing 2~ hours 

Slight evidenoe of polymerization 
after 24 hours 

Completely polymerized to a yellow flaky 
mass after 24 houxs. Very slightly soluble 
in benzene. 

2 drops of ChC12COOH No evidenoe of polymerization even after 
standing 2 days. 

In all cases mentioned. here even when there was no 

evidenoe of the formation of a polymer while isoprene was 

present. a polymer was precipitated out on the addition of 

alcohol. In the cases of ferric chloride and bromide. thorium 

bromide. dichloraoetic acid. boron trichloride and bromide 
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the amount of polymer formed after two days was small. 

The polymers preoipitated by alcohol resembled one another 

in appearanoe very much/being all white or light oolored 

substances and in most asses quite unlike rubber. They are 

evidently isomers of rubber. 

Products similar in appearanoe to these were ob­

tained when a 3% solution of rubber in benzene was treated 

with the following oatalysts:- SbC15, SnC14. SbC13. Al 013 

Highly colored complex products were formed 

first. but on addition of alcohol the catalyst is split 

off and snow white or very pale yellow powders were obtained. 

These for the most part were but very slightly soluble. 

Similar results to these have been obtained by 

the action of antimony pentachloride and stannic chloride 

on dimethylbutadiene. 

The Polymerization of DimethYl-2-4-pentadine-2~4 

In an attempt to polymerize this compound by 

heat alone, 5 cc. were sealed in a glass tube and heated 

at 850 0. for 4 days and 16 hours. After this period. the 

tube was opened and the refractice index measured. The 

difference between the refractive index before and after 

heating was only .0028. Evidently the tendenoy of this 

dimethylpentaliene to polymerize at this temperature is 

very small. This was to be expected to a oertain extent, 

as the fact that methyl substition decreases the ease of 

polymerization of butadiene, has been already pointed out. 



That this dimethylpentadiene can be polymerized 

had been shown by Grignard (44) when through the action 

of sulphuric acid he obtained a dimer which he proved to 
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be a ring compound. This same oompound was obtained. during 

an attempted preparation of the. dimethyl-2-4-pentene-2-o1-4 

by Grignard's method (44). when an ethereal solution of the 

above alcohol was conoentrated in the presence of traces of 

sulnhuric acid. It boiled at 98 0 -100°0. in 12 mm. and 216°-
..L. 

217.50 at '760 mm. The index of refraction found, N~6 = 
1.4800, agreed with Grignard's value, N10 = 1.48483. 

D 
The diene is polymerized by stannl.c chloride to 

a very viscous stioky oil. This product is quite unlike 

that obtained from isoprene and dimethylbutadiene which are 

white flaky compounds. The oil is probably a similar com­

pound but in a lov~r state of polymerization. Thus/though 

the polymerization of thia d1ene is much slower than in 

the case of isoprene and dimethylbutadiene1it seems certain 

that, under suitable conditions/high moleoular oompounds may 

be obtained from it too. 
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v. S tJMA.'IARY 

An apparatus for the preparation of isoprene 

has been made and is described in this thesis. The re­

suIts obtained by dIfferent TIletl10ds of purification 

have been o_iscussed and the best one is indicated. The 

methods for the .preparation of 2-3-dimethylbutadiene-1-3, 

of 2-4-dimethylpentadiene-2-4, and of 2-methylpentadiene-2-4 

have been described and the experimental results considered. 

In regard to the polymerization of isoprene no 

indications of an open-chain compound intermediate between 

the monomer isoprene and its high rubber-like polymer have 

been obtained. Though the direotions given by Ostromisslensky 

for the preparation of B-myroene, the only compound of this 

type mentioned in the literature, have been followed care­

fully, it has not been found among the products formed 

during the reactions. Ita presellce, evell in _sces, has 

been shown to be very doubtful, i~pite of the fact that 

Ostromisslensky has described it as the principal product 

of the reaction. 

The oi11 which has been obtlined,has been proved 

to be a mixture. Dipentene has been detected definitely, 

and fractions corresponding to the general properties 

of Aschan's and Lebedeff's compounds, have been isolated. 

From the polymerization produots of dimethyl­

butadiene a dimer has been isolated which hai been proved 



to be the 4-6-dimethyldipentene obtained by Lebed$ff, 

As chan , Kandakow and Riohards. In this case too, no 

open-ohain compound intermediate between the monomer and 

its high polymer was found. 
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Thus, though the polymerization of these dianes 

to high polymers probably takes place due to the inter­

mediate Iormation of open-chain compounds, the_tmust be 

of a very transitory nature as it has been definitE:ly 

sho~n, by Lebedeff and by this work,that no such compound 

can be isolated. 

Isoprene and dimethylbutadiene have been polymerized 

at different temperatt~es/and the analyses show that as the 

temperature used for polymerization is increased, the yield 

of dimer is increased,but for a constant temperature the 

ratiO of dimer to high polymer is a constant. This is in 

agreement with the previous work of Lebedeff. 

A comparison of the rates of polymerization of 

these two compounds and of the trimethylbutadiene shows 

that an increase in the number of methyl substituents de­

creases the ease of polymerization of the diene. 

It has been found too that the refractive index 

measurements may be used very conveniently to follow the 

course of polymerization of a diene if suoh conditions, as 

are mentioned, are adhered to. 

It has been shown. too, that oxygen has a definite 

oatalytic effect on the polymerization of dimethylbutadiene. 
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This has not been notioed in the case of isoprene probably 

because, after the first experiences with dimethylbutadiene, 

conditions were kept more nearly standardized. 

From measurements of the relative viscosities of 

benzene solutions of polymerized dimethylbutadlene and iso­

prene and of the molecular weights of the polymers it was 

found th·at at a given temperature the apparent moleoular 
irlcreased 

weight/as the proportion of diene which had polymerized, 

increasei. The results also indicated the fact that the 

higher the temperature at which polymerization was brought 

about, the lower the molecular weight of the product ulti­

mately obtained. Further experiments are being carried out 

to obtain more definite data on this pOint. 

The molecular weight measurements themselves in-

d. icated that in all cases the polymer being dealt with was 

an association product of a basic hydrocarbon. Molecular 
CL 

weight measurements gave as~lowest value L~~9 in the oase 

of the dimethylbutadiene polymer. This corresponds to a 

basic moleoule with about six (C 6H10 ) units in it. As to 

the nature of the basic hydrocarbon little can be said. 

but at present the indications are that it is a ring com­

pound,as it has been shown by unsattITstion measurements 

that it contained one double bond per (CsH10) unit. But, 

though the results obtained agreed well among themselves 

1 t is doubtful if this method is accu.rate enough to show 

the dif:ferenoe betV\reen the number of double bonds in a 
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ring on open-chain compound of this size. 

The rubber-like products obtained by the poly­

merization of dimethylbutadiene was shown by fractionation 

to be a mixture of polymers varying in molecular magnitude. 

Then, in this respect, the polymerized product resembles 

those obtained from styrene, indene, etc. 

Solutions of polymerized isoprene and dimethyl­

butadiene have been shown to drop in viscosity very rapidly 

even though kept at room temperature in the dark and in 

carefully sealed bottles. It has been shown that this effect 

is oaused by a permanent ohange in the polymer. It has 

been suggested, and some experimental proof has been ad­

vanced to support the suggestion, that this change is due 

to oxidation. 

The surface tension of solutions of polymerized 

dimethylbutadiene in benzene has been measured. The polymer 

was found to have no effect on the surface tension of the 

solvent. Some qualitative experiments have been done in 

oorffieotion with the aotion of various catalysts on isoprene 

and dimethylbutadlene. 

In regard to the polymerization of the dimethyl­

pentadiene it has been shown that the presence of a small 

quantity of sulphuric acid readily converts it to the 

dimer. It has also been shown that this compound is only 

polymerized with diffioulty at 850 C. by the aotion of heat 

alone. However, from the indications at present it is 

expected that it could be polymerized to a product of 
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higher moleoular weight by the action of stannic ohloride 

under suitable conditions. 
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APPENDIX I 

Recently in this Laboratory H. N.Stephens has studied 

the oxidation by air of resin free caoutchouc in solution 

in xylene at 100°C. By varying the periods of oxidation 

he was able to control the process to a certain extent. 

His reaction mixtures he divided into two parts: petrolic 

ether soluble, and petrolic ether insoluble. From the first 

he aucceeded in separating seven substances whose molecular 

weights ranged from 4809 to 1040, and whose carbon-hydrogen 

ratios approximated closely to the value 10/16. From the 

petrolic ether insoluble material his results were unsatis­

factory as he was not able to isolate, in any case, what 

appeared to be a homogeneous product. Also, in the time at 

his disposal he was unable to m ake any attempt to deter­

mine the constitution of the apparently homogeneous products. 

So it was with the object of attacking this problem that the 

present research was undertaken. 

In the present work it was thought advisable to get 

the rubber in as pure a state as possible before proceeding 

with the preparation of the oxidation produots required. 

The rubber first used was crepe sheet. As a sample, 

100 grams of rubber were extracted with 1000 cc. of a 1-1 
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acetone-petroleum ether mixture. The solution was changed 

every 24 hours for the first three extractions and then after 

every 48 hours for the la,st two. By this time the extract 

left no residue on evaporation. The rubber was allowed to 

stand for a few days till the exoess of solution had evapor-

ated off, then 10 grams were treated with 100 cc. of commer-

cial benzene. After allowing this to stand for a week some of 

the solution was decanted off and filtered with suction through 

a cotton and glass wool filter. The resultant clean solution 

was poured into acetone and the rubber precipitated out. This 

gave a very pure colourless product, giving a negative test 

for nitrogen. However, it was found that crepe rubber 

disintegrated to a large exten& in benzene, so that the 

protein became suspended throughout the whole solution and 

was very difficult to remove. 

Accordingly, 1500 grams of smoked sheet were treated as 

above, but the extractions were carried over 15 days. By 

this time the extract was quite colourless and left no residue 

on evaporation. 950 grams of this rubber were removed, dried 

and placed in 47 litres of commercial benzene. This mixture 

was allowed to stand for 15 days with occasional gentle smaking. 

The liquid was decanted off and filtered by suction. The 

filtrate was then poured into acetone and the rubber 



precipitated out. This was allowed to dry, in a vacuum, for 

a week. The resulting rubber, though slightly amber in 

colour, gave no test for nitrogen and was resin-free. The 

yield of rubber was approximately 75-80~. 

486 grams of' the purified ru'bber were then put in a 

large pyrex flask and 4050 cc. pure xylene added. Xylene 

was chosen as the medium for oxidation as it has fair solvent 

properties and a comparatively high boiling point. The flask 

was then heated in an oil bath with temperature regulating 

device, at a temperature of 99-100° e., a tall refbx 

condenser being used to prevent loss of solvent. The heating 

was continued for 2 days, to ensure complete solution, and 

then a gentle stream of air, dried by CaC1Z' concentrated 

HZS04 and soda-lime, was passed through the solution for 22 

days, this being the time found by Stephens to be necessary 

for complete oxidation under such conditions. 

At the end of the above period a large amount or res~n 

had separated from the solution. The clear reddish solution 

was decanted off this insoluble matter and filtered by 

suction. The resins in_solution were precipitated by petrolic 

ether (B.P.35-600), after the solution had been distilled 

under reduced pressure to a volume of one litre. 
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The distillate obtained had a very sharp penetrating 

odour resembling that of formic acid. This was tested for by 

boiling a water extract of the distillate with mercuric chlor­

ide - a copious precipitate of HgzClz was formed, proving the 

presence of formic acid. 

As it was noticed that the amount of resins (petrolic 

ether insoluble material) was very great, a qualitative test 

was made, taking aliquot portions of a concentrated solution 

of the products of the reaction, to determine the relative 

amounts of the products soluble in petrolic ether and those 

insoluble. It was found that the amount of soluble products 

- those whose constitution it had been hoped to examine - was 

too small to do anything with. Evidently then, the removal 

of the proteins before oxidation, rather than after the 

oxidation, as was done by Stephens, has caused the reaction 

to go much further, with the result that the rubber was 

oxidized almost completely to resins insoluble in petrolio 

ether. 

These resins, after precipitation, were very thoroughly 

washed with petrol ether. They were as yet in the form of 

a red oil, traces of solvent still being present. When they 

were deied on a steam bath under reduced pressure they were 

found to yield a dark red gum, which was soon further oxidized 



on the surface to a glass. They were very soluble in 

acetone, chloroform, alcohol and methyl alcohol, less 

soluble in aromatic hydrocarbons and insoluble in carbon 

disulphide and petrolic ether. 

5 

A rough separation of the resins was made by dissolving 

them in chloroform and bringing about fractional precip-

i tation with petrolic ether. These frac·tions were twice 

fractionally precipitated and yielded gums varying gradually 

in colour from a very dark red to a bright orange. They 

were all soluble in caustic alkalies with varying degrees 

of care. In all cases, though, heating f~r a considerable 

length of time was required to effect solution. These 

solutions were dark brown and o~paque. The solubilities 

of the var.bus samples obtained were so similar that no 

separation could be effected. On mixing two resins of 

altogether different appearance it was impossible to 

separate them again by the selective action of solvents. 

Also no separation of the resins could be made by steam 

distillation. 

The molecular weight of one of the resins, the first 

fraction obtained by precipitation with petrolic ether, was 

determined in benzene by the cryoscopic method. This gave 

a value of 744, though probably the real value was 
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considerable lower than this as a small part of the solid 

did not go into solution. However, such a molecular weight 

as this has no significance as the resin was not homogeneous. 

All the solid resins, soluble in acetone, have a strong 

reducing power on Fehlings solution on boiling. With phenyl 

hydrazine, however, no crystalline products could be obtained. 

Though there was but a very small amount of petrolic 

ether soluble matter present, a few qualitative tests were 

made upon it to see if it resembled in any way that obtained 

by Stephens. A concentrated solution of these products was 

treated with an excess of ethyl alcohol, but instead of a 

light red gum as was expected, a very light yellow wax was 

obtained. The solution remaining after this separation was 

again concentrated under reduced pressure and treated with 

an excess of methyl alcohol. Again, instead of a red gum, 

a light yellow wax was obtained. Both of these compounds 

came down as flaky precipitates and if they had been present 

in a greater quantity they could no doubt have been obtained 

in a fairly homogeneous state. No further separation was 

attempted, but there still remained in solution a red oil 

which was left as a residue when the alcoholic solution was 

evaporated under reduced pressure. 



7 

It was quite apparent that to obtain anything like the 

results of Stephens t~ whole oxidation would have to be 

repeated, following this time his method of purification of 

the raw rubber, or cutting down the period of oxidation of 

the purer form. Instead of doing this it was decided that 

to attempt to follow the polymerization process of such a 

diene as isoprene would be really a more suitable way of 

attaoking the problem. 






	_0001
	_0002
	_0003
	_0004
	_0005
	_0006
	_0007
	_0008
	_0009
	_0010
	_0011
	_0012
	_0013
	_0014
	_0015
	_0016
	_0017
	_0018
	_0019
	_0020
	_0021
	_0022
	_0023
	_0024
	_0025
	_0026
	_0027
	_0028
	_0029
	_0030
	_0031
	_0032
	_0033
	_0034
	_0035
	_0036
	_0037
	_0038
	_0039
	_0040
	_0041
	_0042
	_0043
	_0044
	_0045
	_0046
	_0047
	_0048
	_0049
	_0050
	_0051
	_0052
	_0053
	_0054
	_0055
	_0056
	_0057
	_0058
	_0059
	_0060
	_0061
	_0062
	_0063
	_0064
	_0065
	_0066
	_0067
	_0068
	_0069
	_0070
	_0071
	_0072
	_0073
	_0074
	_0075
	_0076
	_0077
	_0078
	_0079
	_0080
	_0081
	_0082
	_0083
	_0084
	_0085
	_0086
	_0087
	_0088
	_0089
	_0090
	_0091
	_0092
	_0093
	_0094
	_0095
	_0096
	_0097
	_0098
	_0099
	_0100
	_0101
	_0102
	_0103
	_0104
	_0105
	_0106
	_0107
	_0108
	_0109
	_0110
	_0111

