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ABSTRACT

The emulsion polymérization of iSoprene has been
produced by using as initiating agents various compounds
which are known to dissociate to a certain extent in solu-
tion into free radicals.

The rate of thermal decomposition of some of the
diazothio ethers employed as initiating agents have been
measured by observing the rate of evolution of nitfogen

from a solution of the compounds in bﬁtylphthalate.
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. EMULSION POLYMERIZATION OF ISOPRENE
HISTORY .

| As early as 1835 attempts were made to deduce the
© struoture of natural rubber by pyrogenetic decomposition,.
However, it was not until 1862;ﬁthat Gravilla{ﬁilligms.; .
isolatedla hydrocarbon having a boiling point of 577389 C. o
a:rom-the low boillng,fgactionn§f~§he distil;ate qf,nétupa;' f
rubber. This hydrocarbon -he named isoprene, but it Was_v.,
-vﬁwenty years later before'Tilden.proposed“the,presentv: |
structural formula ror:isoprene;'kWallééh ghowed‘thét the
higher boiling fractions of the dist;llate.from naﬁural
rubber were elther dimers, trimers,.or other related homof“i
logues of 1scpreheq - It was also soon Observed that iaqpreneg:
on prolonged- standing again formed rubberlike‘produdts. g
It}appearqd, therefore,,that isoprene and rubber were
genetically related. It was, of éou?se,.a long step from
thé first observations to the actual prgparation‘of syn;
thetioanubber fram‘ispprenaﬂ

From 1885 on research in the field ofrrubhei inoreased,f
and in 1906, Harries, as a result of extensive research |
~greatly extendéthhe knowledge of the chemistry of rubber by
~ means of ozone degradation of natural rubber.. He-found‘that .'
decomposition of the ozonides with hbt water gave an almost -

quantitétive yield of derivatives of the unit group 05H8,
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that is, levulinicra;dehyde;,1evulinicgaeid;‘and?lévﬁlin1¢§
aldehyde peroxide. The prééenoe of thesa%ccmpoun&sdn”
degradation show that the rubber molecule contains a recurring
ldQuble;bqnd;a£t¢r eacp tqurth Qarbon-and‘coulﬁ"be,represeﬁbe&:
by the‘following structure v , o P N o
*CH CHz cH2 CH CH[CH:L‘C’CH CHICH ~C=

‘ Alongawithftﬁe_studyiaffthe«structure’of3thé;Bbeer=f'
moleauia; and the determination .of isoprene as-the vuilding
unit; were manyvattemptgrtc éynthesize;artificiai.rubber
from,iSOprenes Althaugh a great many.attempts:weféfmade,
_it'éannot-be.said that ahyaaf~these.attempts‘weré~very
successful, and in 1910 due to the high price of natufal'
rubber; research was started to investigate the péééibility*f“
of polymerizingbutadiené, This work resulted in the
production of the Buna rubbers, which had~pr0perties:that ’
made them a fairly suitable substitute for natural rubber.

During World Wer I, Germen chemists had little success
with thelr synthetic rubbers. During World War IT, ‘supplies
of natural rubber'were-almost'completély'lost to the Allied
.rubber'industries,land'it was imperative'téfdéveIOp'immed-
iately a suitéble synthetic rubber. Most of fﬁe reséarch
was'directed‘tOWards the goal of perfecting and putting into
large scale production, GRQS (emulsion polymerized buta-
diene-styrehe) with the resuit that a satisfactory substitute
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for natural rubber for most purposes was obtained. The work

F

on isoprene during this time was negllgible.



4.
THEORY

It was showh in 1932 by Fisoher & Harkinssthat the

_ absorbed film between a hydrocarbon 0il and a sodium oleate
solution at o.1 M concentration is monomolecular, with the
polar groups oriented toward the water, and the hydrocarbon
group toward the oil. This orientétion is aécompaﬁied by a
décrease in free energy and therefore is the more stable’
gonditién. However, it was found that at room temperature
pétassium laurate gives a clear sélution in'Water up to 33%
and potassium myristate up to 26%. These high values might
be taken to indicate that solid soap may reduce its free
energy by going'into solution . in some other form than that
of single molecules. In general, it has been found'tpat
most of the soap dissolved is present as.aggregates;‘eéch pf
which~contain a large number of molecules. These éggregates
are deéignated as soap mhficelles. The general struetuie of
these soap miéelles eonsiéts of - three double lajers of soap
mglecules ﬁith the polar groups toward the water, and the oil
groups tow;rds eacﬁ-other, with a layer of water between. each
double 1ayer of soap maleoules‘é. This waﬁer layer is an
1ntegral part of the soapjﬁ;;elle rather than a solvent, and
is wsually referred to as "bound water®, in contrast to. the
term free watsr (water as a solvent). Besides being an
emulsifier, soap is also a solubilizer. It has been fairly

conclusively shown that when monomer is added to soap
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solution, that it is solubilized between the hyd;ocarbon ends
of the oriented soap molecules.

The soap micelle is the prominent initial locus for poly-
merizatian17; However, it is not a locus throughout'the
polymerization since the polymer particle formed adsorbs a
monolayer of soap molecules., This causes a rapid disappear-
ance of the soap from the micelles, -and hence the mieelles
}themselves seem to completely disappear from a five percent.
sodution at a cenversion of about twelve percent. At low
yields the polymer has been shown to contain more monomer
then polymer and thus after twelve percent. yield the main
locus ef reaction is the polymer-monomer particle. The
monomer droplets which persist after the soap ﬁicelles have
disappeared are not thought to act primarily as loci of
reaction: but rather as feservoirs of monomer from which
monomer molecules diffuse into all of tﬁe other loci.

In a free radical type of reaction the molecules grow
very rapidly--in the order of a fraction of-a second. In
order, therefore, to exert‘any control over the size of the
molecules it must be a process of balancing chain init-
iations and chain termination. Many of the mercaptans which
are effective as chain initiators are also effective in
controlling molecular weight through chain transfer, e.g.
chain initiation

R-SH +0,— RS + HOS

R-S®+CH= q:—:CH CHy— R—S CHz- Q/;CH ~CH?
C' 3



and chain termination .

RSCHIG=CH-CH] + RSH——%R-SCH;K,';CHCH +RS’
CHs =+ S C%\u,.

Analysis of various polymers indioates the presenca of
one sulphur atom per moleoﬁle',. Also in polymers made by
_using thioglycolic acid and eth&l thioglycolate as modifiers,
1t is found that the ratio of sulphur atoms to carboxyl or
carbethoxyl groups 1s nearly l l :: The extent of modlfic-
'ation obtained will depend on the rate of formation of
mercaptyl radioals by the oxidizing agent the rate of
reaction of the free meroaptyl radioals with the monomer'"
moleoules, and the rate of reaotion of the growing pélymei"'
Ichain with mercaptans° Diffusion rate of the mercaptan is
important. As Harkins has shown, the reaétion takes place
either in the aqueous sclution or in polymer-monomer partiole
formed by diffusion from the original emulsion monemer
droplet° N | | | ‘\‘w(  - ' |

The.main function of vhe mereaptan, aside from its “
initiating action, is to oontral the size of the polymer.

| chain. Howaver, 1t is plain that even under the most favor-
able oonditions a Wide variation in molecular- weight will be
cbtained. The major ‘factor” responsible for the wide
molecular weight distribution is the variation in the Gon-
centration of the modifier throughout the reaction. At a
conversion of 70% there is approximately a tenfold change

' 9
in mercaptan concentration. Thus the molecular weight
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distribution will change with conversion due to the change in
modifier concentration during the course of the reaction.
The reaction time will also affect the amount of modification
especially with mercaptans which have a slow rate of diffus-
ion. Reaction temperature would also be expected to change
the propertiés of the polymer due to the change of rate of
.reaction, of the rate of diffusion, and the total solubility
of the mercaptan as wéll as thelother factors.
For a diolefin éuch as l1soprene each step in the prop-
‘ agatign may take place in one of several different:ways.
For the addition of a free radical it would be possible to

have the following initial steps

H C/fzzzéfﬁ CH=CH,— #-CHy Ci‘; CH= CHZ‘U
(A3

cis end trans 1, 4 addition
A%+ CH=CH-C=CHy —> F-CH,~CH=C-CH 2 o)
CH C 15

cis and trans 1, 4 addition

£ + CH= CH=-C= C/{Z—a,%c;,{z ~CH-C=Chy
Chs CH,

l, 2 addition

A° + ChymG=Ch=C > H—CHy~ ~C-CH=CHy
CHy FH (4)
1, 2 addition

A+ CH=Clf~ = Chy— A-GH ~¢=C
Ch City CHa ﬁ‘”

73 4 addition
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. | CHy |
7 +CH=C"CH=CHz— ﬂ“i“CH"‘CHa\ 6
- ChHs 3, 4 ‘adaition & 1 .
Howaver, the tendency of the methyl group to cause a drlft
of'e}egtrons away from itself is well known o We should
"equqy, therefore, a centre of electron density as indicated
in the~following equationo .That, this is the case has also |
been shown by the Dielb Alder reaoticn g;th acrylio aldehyde.

on isoprene and other . similar reactions .

Q‘H H, ) CH /H ’/\«Cfo
4 :1.1 = A
J—/—>C T +CH, T CHEN S
CHzf) |

Since the free radical is loaking for a centre of electron
density we:shoulﬂ expect that byrapalqu we_opu}ﬁ ;a:ggly‘w ,
eliminate aégations 2y 3, 5y and 6. Also it pas.peen_ghown.
that in the gase_of butgaiene,the amount ofll,:?'adaition‘is
negligible’ia ‘By analogy again we should‘expegiyﬂtherefore,
the elimination of~e§uation 4,. It has been frqquéntly'ﬁtated
in the literature that isoprene is believed to,aqd‘laréely.

1 - 4, and the above theory is advanced as an explanation of

the tendency of isoprene to add 1 - 4..
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EXPERIMENTAL WORK
. PART I
The effect of oxygen from the air on the rate of

polymerization has been reported by various workers from time
to time. We have previously reported,lj that in the
polymerizétion of isoprene using Hy0, as an oxidizing agent,
that both yield and the intrinsic viscosity varied with the
time of exposure of the soap~ferrous sulphate-mercaptan
mixture to the air. Both the yield and viscosity curves
were found to pass through a maximum. This effect could be
explained by--(a) the formation of soap peroxides by'the
action of oxygen on the unsaturated parts in the soap mol-
ecules; (b) the oxidation of part of the mercaptan to the
disulphide and hence less modification would be obtained; (c)
the absorption of oxygen into the soap gel thus increasing
the total amount of 0xidizing agent. In order £o determine
if soap peroxides were formed, the method of E.J. Bettér and
A. Davidsohn was used. HoWever, although a small quantity
of peroxides'were fdund present initially, there was no
detectable increase in the soap péroxide value upon exposure
to air for forty eight hours at 25° ¢C. Confirmetion of this
data has previqysly been published by F.D. Gunstone and

T,P., Hilditch who found no increase in ﬁeroxide value upon
éxposure of methyl oleate to air at 25° C. for periods less
than one hundred hours. I.M. Kolthoff and I.K. Miller

have shown that there is a measureable rate of oxidation of
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mercaptan in soap solution to the disulphide. Therefore, it
is concluded that the observed initial increase in yield is
due to a combination of (b) and (¢), whereas, the eventual

decrease of yield is due to the oxidation of a large portion

of the mercaptan to the disulphide and thus the amount of

chain initiation.is slight. In order to test the validity

. of these conclusions it seemed necessary toltest the effect

of the disulphides on polymerization, and dompare the effect

df the disulphides with the corresponding mercaptans. The

compounds synthesised in this class were n didodecyl

disulphide, phenyl mercaptan and diphenyl disulphide.
Dodecyl D;sulphide

Preparation of dodecyl disulphide by the method of Fore
and Bost: |

Ten grams of dodecyl mercaptan was dissolved in boiling
ethyl alcohol and sufficient alcoholic lead acetate was
added slowly to ensure complete precipitation of the yellow
lead derivative. The precipitate was digested one houf and
filtéred hot. The residue was washed with cold water, and
then with successive portions of hot acetone and boiling
ether until no more soluble material could be extracted.
Fifteen grams of the lead salt were suspended in 500 mls. of
hot, glacial acetic acid, and a slight excess of iodine in
the same solvent was added drop by drop. The solution was
diluted with water and cooled, then filtered and washed with

cold weter. The residue was shaken with three 150 ml,
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portions of 20% K I to convert the PbI, to the soluble
complex KPbIB. This latter part of thé procedure does not
work well since the residue 1s extpemely registant to
wettingvby water. However, the product can be crystallized'
well from glacial acetic acid anﬁ sihce the Pbl, is relatively
insoluble it can be filtered off. The second recrystalligation
gives long white needles of the disulphide with a very sharp
melting point of 34.5° ¢C. This melting point is constant
upon further recrystallization. |

Phenyl Mercaptan

Fifty grams of phenyl mercaptan were prepared by
reducing eighty five grams of benzene sulphonyl chloride with
two hundred grams of tin and five hundred mls. of hydro-
chloric acid. Thé mercaptan was steam distilled, extracted
with ether, and after driving off the ether was distilled
at atmospheric pfessure at 166—170o c.

Diphenyl disulphide

Diphenyl disulphide was prepared by evaporating five
grams of phenyl mercaptan'with a few mls., of dilute ammonia
and upon cooling crystals of diphenyl disulphide Were
obtained, and after recrystéllization had a melting point

of 61119 ¢,



12,

RESULTS:

Each model was prepared by dissolving L.5 grems of
R.R.C. soap and 0.1 grams of ferrous sulphate in tWQ»
‘hundred mls. of hot water. The oxidizing agent, modifier,
and one huhdred grams of‘isoprene were added after‘thevsoap
solution had been cooled to 30° C. Polymerization was |
accomplished by end over end :otationvof the bottles at a
rate-of eighteen revolutions per minute in a constant
temperature bath at 45° C. In all éases listed be;ow the

time of polymerization was twenty-four hours.

TABLE I
Modifier Oxidizing Agent % Yield

17" ) ' " 1 " 72

"' '; ‘; fA' Y" 73 |
.2 g. ClZHé5S—SCle25 " " " 10

1" ] f; " . 1t A o iO

" " ' 1 1" " 4 9
.2 g. CgHySH N o mom negligible

. - - - 3.

n k14 . " 7" " ’ "

14 1 " " " ;1

+2 g. CgHyS-SC4H; o mom "
134 " A 1; 1t Y_l 1"

" on " 1 " "
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It seems probable_thgt Phenyl mercaptan is a poor
initiéting agent for_polymemization since it is too easily
oxidized to the disulphide as is the case with the lower
aliphatic members. The fact that n—didodecyl disulphide is

unregctive bears out our previous conclusions
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PART TII

Since the mechanism of polymerization is believed to
proceed through free radical formation, it was decided to
try various diazo thio ethers as initiating agents which,
according to T.B. Reynolds , decompose by thermal

decomposition according to the following equation:

R-~N=N-S-R'> R + Nz *+ RS

Originally the mercaptans used in coupling, n&meiy,
thio 3 naphthol and para methyl phenyl mercaptan were
prepared as indicated below. However, all final tests were
made with mercaptans obtained from Eastman Kodak Co.

Thio 3 Naphthol

Sodium naphthalene sulphonaté was prepared by the
method of Fieser:l, and the sodium salt was converted to the
corresponding sulphonyl chloride by heatfgg the dry sodium s.
salt with phosphorous pentachloride at 150O C. Thé product
was recrystallized from chloroform. The sulphonyl chloride:i
thus obtained was reduced with tin and hydrochloric acid.

The thio A4 naphthol was steam distilled and recrystallized
from alcohol. Melting point 82 +1° ¢,
P-Thio Cresol

Sodium p-toluene sulphonate was prepared by the method
of Fiéser,/ converted to the acid chloride as above, and

then reduced to the corresponding mercaptan. The mercaptan
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was recrystallized from alcohol. Melting Point #2 * 1° c,

Diazo Thio Ethers

A typical preparation éf a diazo thio ethéf consisted of
dissolving 0.1 moles of an amine in one hundred mls. of Q.O N
- acid. The femperature of the acid sdlution of the amine was
kept at 0° b. throughout the dropwise addition of én aqueous
solution of sodium nitrite. The addition of sodium nitrite
was continued until a permenent reaction df nitrous acid with
sta;ch iodide paper was obtained. The diazotized solution
Was‘then filtered with decolorizing capbon through a chilled
Buchnef ihtb a chilléd flask. Coupling Was accomplished by
slowly adding the diazotized solution with constantfétirring
to an alkaline ice solution of the mercaptan consisting of
slightly more than 0.1 moles of mercaptan in a solution of
four hundred mls. of 2.0 N sodium hydroxide and twenty grams
of sodium carbonate. The resulting yellow solid was
filtered off and dried ﬁnder vacuum, This procedure worked
well fbr most of the diazo thio ethers attempted, however,
oils were obtained when using phenyl mercaptan, and hehce was
unsatisfactory for this particular»mercaptan,,.'
The rate of decomposition of some of the diaZo‘ethers
-was measured by observing the rate of evolﬁtion of nitrogen
from a solution of the -ether in one hundred mls. of butyl
phthalate. The rates of decomposition of the diazo ethers
is greatly ihfluenced by temperature, a twenty degree

decrease in temperature increases the induction period and
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the half life period by approximately a factor of seven for
p-methyl benzene diazo thioz3rnaphthol.. The temperature for
decomposition was chosen at 65O C. since it provides a
convenient rate of reactioﬁ for most of the ethers. After
the induction per{od is over the decomposition closely
parallels a first order reéction. Results for the decomp-

osition of various diazo ethers appear in Tables II, III,

and IV. (Pages 17, 18, & 19)
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TABLE IT

Decomposition of p-methyl benzene diazo thioS -naphthol at

65° C.
Sample #l Sample #2
Time in Sees.  Mls. of N, Time in Secs. Mls. of Np

0 | 0.0 0 0.0
1560 1.0 1620 1.0
1920 2.0 2000 2.0
2200 3.0 - 2295 3.0
2400 4.0 2530 4.0
2515 5.0 2715 5.0
2730 6.0 2500 6.0
2900 7.0 3070 | 7.0
3055 8.0 E 3220 8.0
3210 9.0 3360 9.0
3337 10.0 3500 - 10.0
3875 15.0 | 4100 15.0
14585 20,0 4760 20.0
5310 25.0 5485 25.0
6100 - 30.0 6340 - 30.0
7020 35.0 7250 35.0
8100 40,0 8355 40,0
9325 45.0 - 9660 . 45,0
11020 50.0 _ | |
Total 71.5 | Total 10.0

Neglecting the induction period the tiﬁe for half decomp-
os;tion.fqr pemethyi benzege_diazo thio @-naphthol in one
hundred mls. of butyl phthalate is 8211 minute at 65° C,




18.
TABLE III

~ Decomposition of p-methyl benzene diazo thio p toluene at

65°¢c.
é_ample # Sample #2
Time 1h Sees. Mls. of Njp Time in Secs. Mls. of N2
o - 0.0 ‘ 0 0,0
90 1.0 | 962 1.0
1228 3.0 | 1216 3.0
1415 5.0 1391 5.0
1602 7.0 1570 7.0 |
1770 9.0 1762 | 9.0
1952 11.0 2000 | 13.0
2286 15.0 2240 16.0
2520 18.0 2590 20.0
3086 24.0 3052 25.0
3521 28.0 .. 3595 30.0
4345 34.0 4278 35.0
' 5020 38.0 - 5095 40,0
Total 58.2 Total  60.0

Neglecting the initial induction period, the time for half
decomposition of p-methyl benzene diazo thio p-toluene' is
42 + 1 minutes in one hundred mls, of butyl phthalate at
65° c.
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TABLE IV

Decomposition of p-bromo benzene diazo thio p-toluene at 65°C

Sample #1 ‘ Sample #2
Time in Sees. Mls. of N, Time in Secs. M1s. of Ny

45 0 ' 0.0 0 0.0
4590 1.0 '4520 1.0
1320 5.0 7400 6.0
8140 7.0 | 8510 9.0
9650 - 11.0 9675 - 12.0
12150 17.0 - 11355 16.0
13200 19.0 13200 20.0
14120 21.0 15700 25.0
17520 217.0 18680 30.0
21600 '33.0 22040 35.0
Total 56,1 Total 58.9

Neglecting the initial induction period the time for half
decomposition of p-bromo benzene diazo thio p-toluene in
one hundred mls. of butyl phthalate at 65° C. is 2121t 3

minutes.
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Measurements on the rates of decomposition of the dlazo
. thio ethers were discontinued since_the rates of decomposition
weré found to be influenced by surface area. Both the
induction period and the time for half decomposition were
found to be less when the decomposition was carried out in a
vessel in which the surface area had been greatly increased |
b& packing with glass. However, since the rates of decomp-~
osition previously recorded were measured under similar
conditions théy do afford a relative comparison of the:
stabilities of the ethers. A relative comparison of the
stability of these ethers should also be obtained from the
rates of polymerization obtained by using these ethers as
initiating agents. This comparison should at least be valid
for any one series, and may be valid from one serlied to
gnother. Followling are typical tabies of the results ‘
obtained uéing diazo thio ethers as inlitiating agents. The
amount of the particular'diazo thio ether used in a model
was based on a weight equivalent to one gram of p-methyl
benzene diazo thio/F -naphthol.

Preparation of Model

Each model was prepared by dissolving 4.5 grams of
R.R.C. soap in two hundred mls. of water by heating. After
cooling the soap solution to 25° C., one hundred grams of
.isqprene containing the dissolved diazo ether was added.
‘Polymerization was accomplished by end over end rotation

of the bottles at a rate of eighteen revolutions per minute

P PO
e - PRLPRSEY
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at a temperature of 45° c.

B TABIE V
Initiating Agent Time of Yield Gel
Polymerization % 13
1.00 g. p-GH3-06H4-N=N-S-010H7 9 hours 70 8
68 0
1.23 g. p-Br-C6H4-N=N-S-GloH7 24 hours gi 8
' ‘ 18
1.08 g. p-NOp-C¢H,-N=N-S-C10H7 24 hours < g g
_ | < 5 0
1.08 g. 0-NOy-CgH4-N=N-5-C1gHq 24 hours j;? 8
» <5 0
.87 g. p-CH3-CyH,-NiN-S-GgHy4-CH3 § hours | gi 0
90 0
1.08 g. p-Br-CgHa-N=N-S-C¢H4-CH3 24 hours ;2 0
38 0
.20 g. CH3-C 64SE ana 6 mls. of 24 hours 0 |
202 0
0
.20 g. -cloﬁgigﬁggg 6 mls. of 24 %hours 8
0

In order to determine if a yallid comparison from one
series to another of the diazo ethers could be made, the
rate'qf polymerization with p thio cresol andJQ,Naphthyi
mercaptan was tested. Both gave negative results as was
the case with the phenyl mercaptan previously mentioned,

and the reason for lack of iniation is probably the same.
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TECHNIQUES

Prbduct'Yields

The yields calculated in this thesis were based on the
total solids content, and a correction was made for the soap.
content and any other solids present. Twenty to thirty
grams were sampled into a weighing bottle and weighed
rapidly to milligram_accuracy. After the sample was dried
in a drying oven (60° C.)itwas reweighed, and from this the
total yield can be cq}cuiated.

Preparation of the Anti Oxidant

In order to prepare a suitable colloidal suspension of
P.B.N.A. (phenyl naphthylamine) the following formula was
added directly to a Waring Blendor:

H20 100 mls.
R.ROCL Soap . b 3'0 vg'
P.B.N.A. 120.0 g.

‘Five minutes whipping in the blendor is sufficient to .form
a suitable suspension. If the yield is low it is necessary
to strip the latex of excess isoprene, otherwise coagulation
of the P.B.N.A. results when it comes in contact with the
latex, and a fine precipitate of P.B.N.A. throughout the
crumb is not obtained.

Precipitation of the Latex

Precipitation was achieved by adding brine-aeié

solution of the following formula:
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Ho0 - 6,000 mls.
NaCl 367 .
H,SO, 10.5 mls.

Sufficieﬁt brine-acid solution is added to the latex
(containing sufficient P.B.N.A. to total 1.25% of the dried
polyﬁer) until the latex coagulates and a solution of pH
4 - 4,5 results. For very low yields it is necessary to
precipitate the saﬁple with'180pr0pyl alcohol which breaks
the emulsion by dissolving the soap.' Any precipitate
obtained in this way is poi&mer only. A

Determination of Gel Content

Kolthoff and Medalia'lin October, 1945, summarized the
theory and method of determination of the.gel content of
a Polymer. The Harris cage was used here. for the dtermin-
ation of all gel contents. A sample of from o.l1l to 0.2
gréms of the polymer was cut into small piecesvin order to
facilitate’solution, and then the_sample was placed in the
cagé. The cage was suspended in a beaker containing one
hundred mls. of tolgene in such a menner that it was
completely immersed without touchimgg any. surface. This was
now placed in a desiccator cOntéining toluene in the bowl,
and was left for a period of at least forty-fdur hours
away from the actinic light. The sol part of the rubber
will disperse throughout the tolueﬁe during this time, while

the swollen gel will remain inside the cage.
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On completion of the standing time, the cage was
removed carefully from the beaker and suspended in air for
a few minuﬁes to evaporate off the majority of the solvent.
The cage_was finally dried in an oven at 600 C. The |
percentage gel contént was calculated as follows:

Let X be the weight of the empty cage ‘ N
Let Y be the weight of the cage plus the samplé
-Leﬁ Z be the‘weight of the cage plus the dried gel
Y - Z x 100
Percent sol = + 1
Y - X
Percent gel = 100 - percent sol
The one percent was added to the sol to take into account
the amount of sol trapped in thé swollen gel. This
correction is fairly accurate for small amounts of gel,’
but a higher correction factor is needed for high gel.

content polymers.\
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CONCLUSIONS

If the mechanism of polymerization does proceed through
the formation of free radicals and terminate'through chain
trensfer, then it should be possible to synthesize a product
that would dissociate or decompose in solution to provide
a suttable»cbncentrétion of free radicals. Such products
were obtained in the preparation of p-methyl benzene diazo
thio -naphthol'and p-methyl benzene diazo thio p-toluene.
It has been previously shown in this paper that a good rate
of polymerization could be obtained simply be adding o;e of
‘the above compounds to emulsified isopreme. Thus by the

following dissociation of the compounds A
/

» ! SOLVENT - , S
R-AN=A/-S-R' YT R + Nz + R

two free radicals afe obtained, and since there are no other
compounds present, it is conclusively shown that initiation
does proceed through a free radical mechanism as proposéd
earlier in the theory part of this paper. It has also been
shown that the presence of groups such as Br, Nf}g s in" the
amine part of the molecule greatly reduces the effective-
ness of the dlazo thio ether. The ethers formed by

coupling with thio/3 naphthol are more stable than those
formed by coupling with p-thio cresol. The greater stab-
ility of the former could be attributed to the greater

resonance possible in the naphthalene nucleus as compared
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to the benzene nucleus. In addition the introduction of a
nitro group in the para or ortho position of the amine part
contributes strongly to other resonance possibilities.
Similarly the haolgens in the ortho or para positions of the
amine part contribute to other resonance possibilities.
However, in the latter case the inductive énd resonance
effects are opposed and the overall cbntribution to res-
onance would be expected to be much less. In the case of
the methyl group in the ortho or para position of the amine
part there are no new possible resohance structures of
energy contents which are siﬁilar. Therefore, theoretical
considerations would lead us to the conclusion that the
p-methyl derivative would dissociate more readily than the
p~bromo and the latter in turn more readily than the

0-, or p-nitro derivatives.
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