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1.

- INTRODUCTION

This ‘work: was<fostored by the-United: Statee
,Naval Bureau.ot Aercnautics through:-a  fellowship: grant-
'ed to the ‘University of- Cinoinnati for-research; .-The- -
problen~was'to'develop»a~volat119»free~organic~f1niah-u
ing: syatem for aircraft: netals. The - volatlle solvents
 ﬂused in. paints .create- fire-and toxicity hazards- (20)
.‘eapecia}lyminwthe«conrinodwspaoe%awgilablqmon:shipn.~
.Thaninécpiiqua1sﬁtnotﬂth§ufinishxcou1d»bo@cuthin;hglt
if the-solvent:could be:omitted and:perhaps:the-.cost . . -
couldxbeﬁdecresaedagvenmthough*the*nawmnodianyauld<cos§>
v*5w11ttlewmof95thgnuthe-solyent;. Rssearohvwas*aueﬁifiad-
von these poinxs. R
- WQ preposed that allyl and acrylic c@mpoundl
z'might be: adapted :for- use: An 8-volatile: free: paint. Thneo
substances’ form: hard;~tau3h,mweather~rosiatanxupolyners.-f
They" make\desirable protoctivo coatings when uaed An.
,paints conta&ning volatile solventa (6 ) If & suitable
'ﬁnethed ot applying and hardoning ‘them : could ‘be: developed,
we: weuld bo abme to. nakn some very useful painta which
_containad\no volaxile aolvqnts perlee.i;

It 18 1mposaib1e to polynerize or harden thpso
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. compounds at room- temperature'uith the- known polymer-

1zation techniques. - Phe nano-’and di-functional

“Polyfunotional ‘monomerssuch:- ass allyl stzrah ( )‘do

-hardsn at rean temperaturo ‘but> much- too slowly*for our

Apurposea. Thsyiare ‘80lids: or- very viscous 11qu1ds which

,could not be readily painted: on t - surrace, but which:

might “be used 1n conjuncilon with-a more fluid moncnor*(2$

Ve ohoso Lo 1nvest13ate the polymerization ratoa.”

,kijyof varioua allyl and acrylio manomera with known and npv

. 7~iicatalysts and promotera in- order to evaluate the possibil-

”1tyuof using theso monomera-in paints, - A-study-of thise-

type ‘would- roveal trenda in monnmor and catalyst activity.

:establishing a firm-footing- upon whioh.the paint problcn

| 'oould be- attacked ©objectively.  For instance; 1t m.ght

fbe found that -the- more vinyl groups&-monomer cantains,

the- ‘more-rapidly it: polymerizea~ﬁ~wo wenld then endoavor

to prepare monamers containins more- vinyl 3raups 1n order

~to.get: materiale moro desirdbloAfor quiok hardenins

upaintn. Likcwiso, 4L 1t were tonnd that hydrazoacempounds

v:dwere most aetivo An: redncing orsanic peroxidea in- monp f‘

;Eener solntions, then we—wonld 1nwestigate~nsw hydrazo-

 compounds in a‘search for: even greater activity. .",qo_n-».
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bining~iheeewresultS&wewweuld~havewnewweonponndnmwhich
polynerizedﬁnore readily at-lower-temperatures: and.whieh
might be suitdble for use 1n fast: drying;- nonvolati]e
‘paints. '
:” _ The progress ot polymerization ‘reactions-has:
iabeen determined for- the moet part by’ observing the fol-
) ‘lowing" properties -of- ‘the- eggp1e°
fxl.'chemieoi¢unsaturation (24)
-‘2;~Eieotfieallresietanoe'(322

- 3, ;nianagnetic susoeptibility (16)

'7 4';~_Viaooeity (fa) 4

5. Freezing-point. lowerins (63)

wG;xAbserption epeotr&»( )

 e7; Refractive index ( )
‘B;AOptieal aotivity (34)
»g;gnensity (56) |

10, Amount o£ polymer

B Distillation of unreaeted nonuners ( 5)
be Precipitatien by eolvents (58) | J

_ ) Of these: propertiea only nnsaturation gives g
L direet quantu.anve interpreta.tion of: the reaction. All

‘; the: other. properties nust be evaluated against known

T*fstandarde ‘beforetheir interpretation can become accurate.’




4
-!Tho‘amounx of- polymor recovered rron«a sample»gives a
semi-quanxitativo picture«becauae dinor, trimer. ‘and -
oth@r low: molecnlar -weight- products are usually 1oat
,It 1s not &g accurate as unsaturation for characteriz- ,
1n5 thevstate of-a aystem.v Absorption spectra -will- yiold
quantltative data when the absorption cnrves -of- the men-
;;emsr and polymar are: availdble.» Since azspeotrophoto-
:ﬁmoter waa not: availabloxst the“time -this .work: was: Anitie

4ated and unsaturatian analysis appeared to be~aatistac-

-tory. .the:: spectrophotometet was not 1nvostisat.ed further. o .

- We: dscided to utilize~uneaturat1an for evaluating tha
| progresa o our polymortzation reactions. ~~A"'1'
: . An: analysis -for: determining allylic unsatura~
r».tion Ain monomer-polymer«mixtures ‘W« founa ( 3). Sinoe
this- procednre.appeared to-be- sutisfactory ‘we- decidod to
 7use 1t.v No spocific uethods were tound in the- 11teraturo
' for determinins aorylato unaaturatian 1n monamer-polynor
.zmixturea. In l privqte canmunication Cos Os- willits, .Chief
fAAnalyst of:the: Eastern Regional ReaearehALaboratory of tho |
iU. 8.: Department of: Agriculture said that: althoush they
,:had ~been: working wlth acrylic resins, thoy had no occ&sion
¢to determins tha unsaturatian of the polyacrylates, 3Bq\ | -
'.Isuggestea thatiwe- try quantitative catalytic hydrogenation. .
a;After reviewing thia method of analysis we" decided 1t was



too»1nvelvédwtowbe»antulwfbr*ourwpurposé§~'Thzrefqrp.
'l-wowgssﬁmedathutmthemglly&wanaIYSLSmwouldﬁprobablqaSb
.gppllcablpwto&gcrylateswandﬁif~not;rthatwa»auitqblo ,
prbcednreéoouldwbeweaeilyvévdlvéde-~ :
Soveral manomera woretseleeted to. roprosent

the - mono~; dl- and poly-functlonal allyl and- acryllc'

- compounds Thoy wero.;~ 'gn; Q~-' ' 5: j ij: {x»
S ' ~ Monomer -
~Funetlenuﬁ- o Allyl ; E "Acrylic
Monoe. ',g‘allylbutyrate ' 1sobuty1methacrylate
Di- ' dlethyleneglycol- o
o S bie(allylcarbonate) 31ycold1mothacrylate'
Trie | trlallyleitrate

It was telt that thia range ~would be- suftlcienm ‘for-the
,.1n1t131 lnxestigatlon and ‘that--4t. conld befextendad AL
»'fexperlmental dstauindicated ‘the: highar poly-runctlonal
vmancmers to be:: valuablo."'

. There are twe general types of" polymerlzatlon
f,catalysts (46), namely 1on1c and free radical.. Thpwlogic

-catalysts RS divlded 1nto catlons -and- anionsi: Stannic

?chlorldo and aluminum chloride are representaxive of thei:

. ;poatlon group. Tho anionlc group vhich consists- or organo- ;'

.sodlun ooupounds hae only begnn t0.be:x developed reeently.
~;Free‘radlcals are complexes ot abnormal valency which. -

<posaesa addltive properties, but do not carry an - electrical
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charge- andf are~not- free- 1ons. - They-are- produced by actinic
light. heat and oy 'decomposition ot eertain chemical eub-
_ fatancea auchx 8- pero:iées and diazoniun compounds.-
'.l'he ionic cata.lysts* are gemally used t0: pcly-
merize:- styrene, coumarin and aliphatic monomm such &8
isoprene: and’ ‘butadienes: -Thgy-:ea:e'---»usual:ly« --1nget1ve«"xltoygm-~
allyl ra.ada-; acrya;ic*-moﬁomergitfi ‘For ->1n'stancee»a«‘(38 Y ~boron§r1§ ‘
fluoride;-*-a*-stréng‘"ionic'- catalyvsﬁ,‘-‘-hava béon' used: as- a. .do-
hydration- cat.alyat for: the preparatian oL allyla.crylate |
with: ne- efreot an- t.he double "bonds, For t.his remn wo
felt. that an: 1nveat13at1m or this t.ypa of oatalyst would
- not..be: a,s rmit.rul as: an 1nvestigaticn or the tree radical
. type. catalysts. L e e e
‘ s When enough lisht or heat energy 18- absorbed
by the carbon~-carbon- double bondr 1t. bocmea activated
-and: behavee 11ke 5 free radical, adding to another dou’blo
~vbond and 1n1t1at1ng t.he chun reaction. :
| . E- B
Hvyer: & C='C *.
% _"ﬁ'é'a_t_-) R S
R

. 0~
N




N : 7e
| Similarly, -eome- chamical compounds~contaln bonda which

‘are- nore unatable 1o heat- and- 113ht ‘than the- carbon-earbon
:bqnd and:may ‘be-used-as- tho ‘source-of the-free: radicaln
»which start thg polymerization rouction. -One:- classhof
compounds which form~these froewradicals 18- the«peroxidss.,
| For 1nstance, ‘benzoyl: peroxide, which 1s made-frem:en L

organic acid, forms free~rad1cals as - follews 659

»Othor typea ot peroxidos are evolvod from: alcoholu, auch a8
,tfputyl-hyd:operoxidqﬁ044) |

CHj « G« 0 -0 «H
'wanq,:rénj-ethqrs‘:Shch"as*diétk"butylperoxlqe.

':GH3, cﬁg-ﬂ

B

| _Rccéht1y~1t~was%fduhd*ﬁhatAioduéihgvageitbi1ncdrporitdi”in

Nenulsian polymerizatien systems causod~theuporox1do catalyzed

‘iireaction to. occur more irapldly (1. ) It Was: assunedlthat

'"ithp ‘reducing: agont attacked.tho 'peroxide:causing-it-toe. de-

 ¢composo,faster, thareby croating & greator free- radical

'ooneanxratian. Subatances such as: sodinm bieulfitc and‘

.,¥hydroxy1am1nazhydrochlorida were- found to be very: eftectiyo



No- roports were:-found:of- roducing agents: snit-
able-for- ‘use-in- bulk- polymerizaticn. The- 1norgan1c agents L
- woulad- not pe--goluble-in- pure-moncmar, henne wauld not: be
'applicable.‘ Wg theretor03 dpetded 10~ 1nveet133to tha use
»i;cf -organie- reducing agents as- bqu polymerization promoters.
~Hydroqu1nqn95,‘hydrazofcqmpounds,wth;o-alcohelsuandﬁperhgps ‘
the. blsulfite addition products of long' chain- aaa'oh‘ydes- -
might be- snitable for- this'purpose. Ir the)ratenor bulk
polynerization may ‘e 1ncreased 8- much ass the raxe ot _
i;emulsian polymorization bw tho use»of redneing agent pPro-
Amotors, thpn we: w111 hnve gy eatalyst suitable for use in
_non-volatile.surface: coatings.- | P
| - Compounds- which: ‘have. nitragen 11nkages frequnntly-
,éecompcse'underwnoderate~cenditions to form: free radicale.Ax

For 1nstancentetraphonwlhydrazine reacts a8 fellowa°--?

3L — oo

: Bonzylhyponitrito (21) has boen reported to. catalyzo'thc '
“bulk. polynarizat&on or methyl methacrylate. Itanay.fupn;

SR

:'freo radicale by release or nitrogen.f
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Orty-oxms-o-aly o O

0
+ N, .
- The rate of polymerizatidn with the hyponitrite was said to
be thirty times as fast as with an equal amount 6f benzoyl
peroxide, This ié a rough qualitafive statement since it
was not stated how the amounts were determined or how the
polymerization rate was évaluated. Benzylhyponitrite is a
solid melting at 49°C, The lower homologues are liquids
and are usually very unstable. Perhaps some of‘the higher
homologues may be used safely as polymerizatibn catalysts.
Diazomethane and éthylazide have been reported (25) to
cause polymerization of butadiene, They might be appli=-
cable to allyl and acrylic compounds too., The stable dia-
zonium fluordborate salts might have pronounced catalytic
activity since they would supply both free ;adicals and an
ionic catalyst at the same time, Catalysts of this type
will be evaluated in our study.

The role played by air in polymerization is not
understood, It is usually repdrted_that polymerization
of mono- and di-functional styrene, allyl, vinyl and ac-

rylic monomers is inhibited by air, yet we have found

references (14) which indicate air to be necessary in



10,

the«polymerizationvofﬂthese‘cempounds:~“1t~hss beenffound
that “the- polyfunctional allyl monomers-are more: readily
polymerized-by: air (40) or air-and-metal- driers than by
peroxides.w It appears thnt thoee-compounds behave moxo
like the: dryins oils used: 1n paints than- tho ‘mORO=

functional:monomers: tral which -they: wero ierived.

Sinca thp‘efreot of” alr upon polymerization 18’,

"‘Iuncertaln we: relt 1t beat to exclnds air as-nuch a8 pos—

' sible.. Tetard this end woxdocidod-to uae nitrogon atnoa-
 pheros when possible and to uao vacuun ‘or nitrogon atmos-'
pheres .when"* distilling monanar.:-_ A

' .The- polymerizatian reaetian 1s very tenpera-
-mental It 18- 1n1t1ated and: sustained by a very- low come
vcentratian of exceedingly reactive froe*radicala. Ir
;1mpur1ties arexpresent in- tho monomer thay nsy«react

preferentially w&th{tbe free«rndicals and prevenxrpoly-v'

"vmerizatianvor ‘the~ monqner'w Tracee ot'thzse»lmpurltioa~

give risa to:an: '1nduot1°n period,' the- time- before the
‘ﬂpolymerizatton reaction starts. . SOmo very: active-im-
.4vpur1tiea such a8 hydroquinone, ‘plerle acid. trinitro-
| benzem and thio-alcohela (48) a1e- added to menonera to

prevenx polymorization and are known as" 1nh1b1tors.,~f
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They~must»bewincorooratedwin~themaoiive@scry11c~mononerew
_but may- be cmitted-from allyl. monomers ‘which .are: normally
'etable for- msny ‘months-at: room- temperature.' -

~ To-make-our-reaction: Tate: data useful we" muat
‘rix all, the variables»except the -one- we~are*meesun1ng.» |
Towsrd,this end,great cgre nnst be exereised to»insure the"
‘purity of monomer and catalyst 1n order to awoid lengthy
1nduction periods- and to allow the reaction to- prooeed

- &t-1ts- greatest: rate,: The temperature must be“eonstsnt.

. We- chesew60°c.ibecause the polynerizetion reactions

usually occur at ar convenient rate at this temperature.»
5iThe heat of polymerizstion»of the aerylie esters 48- abaut
: _eishteen kilooalories per- mole. This. ‘means- that. small-
»;reaetion vessels nust ‘be- enployed*in order to seeure good
‘.heat transfer, otherwise-the temperature ot the reactants
::~w111 be much: higher thsn the- surrounding constant temper- |
-ature\bath. Since 1ight 18- eatalyst 1t nust be: kept |
.awsy trom the polymerization reaction. It wss felt that
'these points eonstituted the variables of" ths polymerizs-
”1,_t1on systen.; :
‘ ~ i_i' - A few»rste studies: have ‘been. conducted .on. the
“allyl and\acrylic monomsrs. The polymerizatian of. allyl
facetate catalyzed by benzqyl peroxide and p-chlorobenzqyl

«psroxide was found to. be 'y rirst order reaction (4 )
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Thia~céuldwbeﬁcalculatedwrnqnﬁeitherwréaidual“peréﬁide
éonténtworﬂpolym§#~contenm%““TheQe&invqstigatorgfgped
1odometriewanélyéiswfor~perox1d§swandnthewbrcm1d9~~
bromateﬂreagentﬁfbr‘determiningﬁalljlic'unSétﬁration.
They found ‘that- atmospheric oxygen had relatively
ﬁhlittle effect on: the rate of polymerization. It»qu
B ;also etated that their data was reproducéblev The ‘
" polymerizations wero$carried out at 80°C, An optieally
active: monomer, d—Sec-butylchloroacrylate, Wag: found to
'.polymerizo accordins to first erder kinetics when N
catalyzed by benzqyl peroxide (35).“ The reaction Was
tollowed by use<of the polarimeter. ‘

Based- on these»fev scattered roferencee 'Q”f
. felt.that: the reactiona would: probably be first order~

and. their rate dependent”upon’ catalyst concenxrat;gn.v
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DETERMINATION OF UNSATURATION IN POLYACRYLIC
AND POLYALLYL ESTERS

Polyester samples are precipitated
in a very finely divided state from a pyridine
solution by dropwise addition to aqueous
bromide-bromate reagent., The bromine re-
leased upon acidification adds quantitatively
to the finely dispersed sample and the ex-
cess bromine is determined by conventional

iodometric analysis,

This analytical procedure was developed primarily
to follow the course of bulk polymerization reactions. The
total unsaturation of the samble is reported a® monomer,
for convenience, although it is realized that a small amount
of the unsaturation is due to active polymer chains and freé
radicals,

The determination of unsaturation by halogen
addition to solid polymerized acrylic esters has not been
recorded in the literature. The difficulty in this type of
analysis is partly due to the reticence of halogens to add
to a double bond conjugated with an acid group (8) (9),
as in the case of acrylic acid, CH,=2CH-COOH, and partly to
the problem of exposing the unréacted bonds in the polymer
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to the action of the addition'reagent.

No satisfactory method of adding halogen to a
solution of the polymer in organic solvents was found.
Bromine, whether in anhydrous organic solvents or~in
aqueous solution, adds very slowly to the polymer. It |
has been reported by Robertson and his co-workers (51)
that»hydrogen bromide’catalyzeerthe_addition of bromine -
tofacrylic’acid,in noneaQueous.solvents,-but the rate -
was still too slow to make this;reagent practicaI, wijs
solution,”prepared according to Kemp - and Mueller.(QS),
was found to be ineffective on solutions of the_polymer in
,acetic acid and carbon tetrachloride.' An'attempt was made
_ito'prepare a stable,vactive.brOmine'reagent by forming
~bromine salts uithfpyridine; ethanolamine, and other"n
v‘organic‘aminee in'organic solvents;ubuttthese reagents_ ’
”proved to be unstahle. Sluggish reactions were obtained
using bromine-bromate reagent in methanol, with just '

" enough water to keep the bromine in solution. v
Aqueous_bromide-bromate solution has been shown
:to be a strong halogenating reagcnt(37) Mercury, aluminum
and nickel salts (12) were reported to promote bromine ad-~
'dition (29) in some of the more difficult cases, however, |

we have found these salts to be without appreciable effect
on acrylic esters. When an attempt was made to fonm the

.soluble sodium salts of acrylic esters according to the
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~hydrolytic‘proceduretof}Bartlett and Aitschull'( 3) the mone
: omers partially polymerized and_gave iow analyses, From the
fwork of Evans and Tyrrall (15) it was inferred that bromide-
"bromate reagent adds quantitatively to emulsions of poly=-
acrylates, On testing various solvents, pyridine ‘was found
to have‘the properties requisite for the production of the
‘spolymer in a state of lelSlon suitable for this type of
‘analysiss good solubllization of the polyester, water S0l
ubility; a density,lessvthan»one; and stability toward
bromine in'acidrsolution. A quantitative saturation of poly-
mer precipitated from pyridine was obtalned w1th aqueous

bromide-bromate reagent.
AﬁiLYTIcAL rRocEDUnE./’

An accurately weighed sample (0.04 to 0.50 g.) of

'polyacrylate is dissolved in, and made up w1th pyridine to a

3 volume of- exactly 25 ml. A five milliliter aliquot’ of the

pyridine,\solution is added_dropw1se from a pipet to 20Am1.
of a 0.025 N to 0,05 N bromide-bromate solution infa 250 ml.h
| g;s. Erlenmeyer flask. An effort ‘must be made to distribute

the drops evenly over the surface of the brominating reagent .

- "in order to secure the best possible dlsper81on of the poly-

'mer see preoipitate Figure I The solution is acidified

- with 70 ml. of 10% sulfuric a01d, stoppered, sw1r1ed, and
allowed to stand in the dark for 20 minutes at 20° to 25°c.,,°”



Ten milliliters of carbon tetrachloride is then added and ‘the
flask is shaken in order to. dissolve the solid polymer.: One
milliliter of 30% potassium iodide sclution is added and the
free iodine liberated by the excess bromine 1s 1mmediately
titrated with 0. 05 N sodium thlosulfate solution, a few drops
of fresh starch solution being used as an 1nd1cator...7*

'The procedure may be. used for determining unsatura-'
tion of polyallyl esters if the addltlon cf bromine 1s car-
ried out at 0°C. and the sample allowed to stand for only 10
“to 15 minutes. This temperature-time change is necessary toApd
vav01d bromine substitution, 31nce the allyl esters are. much

more active in this respect than are the acrylates.

~»cALcULAT10u

-

The percentage of unsaturation in the polymer sampler

is calculated as monomer according to the equation:'

.'where S is the percent monomer, A is the equivalents of bro-
mine, B is the equivalents of thiosulfate, M is the molecular‘
4we1ght, W is the sample welght, and E is the number of double E
bonds in the monomer.p ' . | | S
riSCUssrqsir
= This procedure is applicable only to polymers which

vare soluble in pyridine.~ This includes all the polymers

‘jefcrmed from monofunctional_monomers'andeQmele:the:P°;yme?9 .
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Figure 3




Figure
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formed . from polyfunctional monomers.i_ A
The sampleiweight is critical, The weight~0f liquid

polyester mustfnotherceed about 0.5 g., otherwise'insufficient

dispersion of'the Sample will'prevent quantitative bromination.

The critical weight for solid‘polyester samples is‘about 0. 04 8.

Sample size between these two extremes should be altered pro-

' portlonallyo ﬁci% ﬁii% ‘l”t?tv | | ; . |
Figure I is a photograph of polymer precipitated by

adding 5 ml, of pyridine-polymer ‘solution dropwise to 20 ml.

- of- water in a petri dish, Most of the prec1p1tate is 80 finely

divided that it appears ‘as a white mist.} Figure 2 shows ‘the

H;contents of the dish shown in Figure I after stirring. 1t is

seen that‘the white mistflike precipitategdoes not tend-to,

" ‘coalesce, but remains in a finély divided'state; These par-

~ticles were seen to be in violent Brownian movement when ob-

l,served under the microscope. The small white polymer . aggre- :

; gates seen in Figure I and Figure 2 were found to be very

fragile and porous and not to 1nterfere with the analy31s.

Figure 5 represents the polymer precipitate from a pyridine
Fsolution which was too concentrated. The large gummy poly-t

‘l mer aggregates which are formed tend to stick together and

do not add bromine quantitatively. This condition must be

it -

avoided. Figure 3 shows the hard, dense, fragile polymer L

vprecipitated ‘from acetic acid solution, and Figure 4 shows :
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the effect.ofistirring fhis precipitate. It is obvious that
acetic acid is not a suitable solvent for dispersing the
polymer, |

It is necessary to use about 100% excess bromide-
bromate reagent with acrylic esters in order to force the
reaction to completion in the allotted time. Samples al-
lowed to stand for ohe and one half hours did not react with
more bromine than those which stood only 20 minutes; hence,
it was felt that the addition reaction was complete and that
no appreciable substitution occurred. As much as 100% excess
bromine may be used with allyl esters. The time and tempera-
ture specified mﬁst be adhered to closely, however, in order
to avoid appreciable substitution of bromine. Monomers con-
taining allyl and acrylate groups in the same molecule, such
as allylacrylate, cannot be analyzed by this method because
the low temperature and short period of time necessary to con-
trol substitution of the allyl group will prevent complete
substitution of thevacrylate group.

An excess of sulfuric acid must be added to the
bromide-bromate sample solution to neutralize the pyridine
and liberate the bromine., The amount of acid used should be
about 75% to 100% greater than the theoretical amount in
order to prevent the pyridine from reacting with an;appreci-

able amount of free bromine.



,2?,

The poljestera absorb broﬁiné strqngly, which ﬁakes
it necessary to dissolve the‘polymer in carbon tetrachldride
before analyaing the 801u£ion for eicess brominé. This ab-
sorption serves to enhance the addltlon reactlon by concen-

¢

"ﬁtratlng bromlne in the polyester.‘

The accuracy of the analysls varies up to about 2%
'depending upon the 81ze of the sample, the aliquot portlon

taken, and the normallty of the solutlons employed.
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ANALYSIS FOR ALLYLIC UNSATURATION

The test procedure evolved for determining unsat-

uration in allyl compounds was a2 modification of the version

outlined by Bartlett and Altschul (3), This method was not

used in the rate studies.

Procedure:

l.

2.

4,

About 4g. sample is accurately weighed into a constricted

test tube and 5 ml. of 4,3 N NaOH in methanol added and

_the tube sealed, -

The tube must be kept in an ice bath while sealing to
prevent;vblatilization. A glass bead should be drop-
ped into the-throat of the‘tube to prevent flashing
of thé vapors while.sealing.
The tube is shaken to mix thoroughly the contents and then
gradually heated to 100°C. in é boiling water bath and held
at this temperature for one to two hours., (Long enough to
degrade the polymer and make it soluble in water,)
Cool tube to ice temperature and transfer the contents
quantitatively to a 250 ml. volumetric flask, and fill to
the mark with distilled water,
A 10 ml, aliquot is pipetted into a 150 ml. G.S. titration
128k, 15 ml. of 0,05 N bromide-bromate solution added and
25 ml. of 10% sulfuric acid added. Shake thoroughly and
set in an ice bath in the dark for from 5 to 10 minutes.,
Add'4+ ml. of aqueous 30% KI solution and titrate immediately
with 0,05 N sodium thiosulfate solution {hypo). Starch
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indicator was used.,

% monomer = (N Br x ml Br - N St x ml St) mol.wt, x 100
- 0404 x wt, sample x 2 ( i -double bonds

CAUTION

Samples must be quickly weighed and sealed if the
monomer is volatile,
Sample must be kept in dark and cold to avoid sube-

stitution of bromine.,

It was shown experimentally that about 100% excess of bromide-
bromate reagent was necessary to force the reaction to equi-
librium in 5 to 10 minutes. This was contrary to the results
reported by Mulliken and Wakeman (37 and was not indicated by
VBartlett and Altschul. The following data indicates this

clearly:
bis(allyl- M1 Br MiSt Time of Remarks
carbonate) reaction
diethylene-~
glycol 8 ml., 6.5 ml, 5 min, The thiosulfate
readings vary
Sample 8 3.9 10 widely
8 2.9 20
15 17.75 5 Equilibrium was
reached in 5 min,
15 17.70 10

15 17.70 20 Calc., 92.,8% monomer
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This data also indicates that excessive standing in the dark
on ice does not cause appreciable substitution of bromine to
occur. Data for isobutylmethacrylate indicated the same conclu-
sion., It was also found that substitution at room tempera-
ture is appreciable and causes yields of 104% or higher to be
calculated., It is therefore obvious that samples must be
kept cold and in the dark to get accurate results.

Considerable flashing was experienced in sealing
 the sample tubes. If was foﬁnd that a small glass bead
dropﬁed into the neck of the tube'prevented the flashing and
did not hinder sealing the tube.

A 0.1 ml, of 0,05 N solution represents 1.2%
unsaturation, hence it is seen that the data cannot be ac-
curate to more than + 0.5%. Analyses of several samples of

the same material gave results within this degree of error.
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L

‘ é. The Rast method Cﬁ) was used for determining the molecu-~
lar weight of several of the monomers. It gives a quali-
tative estimation of molecular weight. Triallylcitrate
has a molecular weight of the proper magnitude, Diethyl-
eneglycol bis(allylcarbonate) has a higher molecular weight
than it should have,

b. The refractive index was determined with an Abbe refrac-
tometer,

cs The density was determined with a 10 ml, pycnometef which
was calibrated at 25 'C. with distilled water.

d. Molecular refraction was calculated from the experimental

values according to the formula of Lorenz and Lorentz:
M = Mol. wt. x ARL 2.1 M = mol, ref.
density - (RI)=42" RI= ref, index

The theoretical molecular refraction was calculated from
bond refraction values (13) given by K. G. Denbigh.

€. Unsatuiation analyses were carried out according to the
standard procedure, using 1 ml, aliquot portions,

Conclusionss

glycol bis(allylcarbonate) are in a fairly pure state. The
diethyleneglycol bis(allylcarbonate) was an industrial sample
which was specified to be only 94% monomer according to un-
saturation analysis., It had polymerized slightly after

standing in the laboratory for several months. It was vac-
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uum distilled in the laboratory in an attempt to obtain a
purer fraction, However, we were unsuccessful, Our vacuum
fractionating column did not have enough plates to éffect
the desired separation., Since the material polymerized sat-

isfactorily in subsequent experiments no further attempts were

made to purify it.
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SYNTHESIS OF

ALLYLBUTYRATE

?Hﬁ! CH, (,"H3

. By —— Moo

fHL ] QH;

cooH CH.0H 2L -0-CHCH=CH,
Mol, wt., 88.10 58,08 - 128.17 18
Exptl. 220g. 218¢. 320g. 45g,
guantity S ) o |
Excess 0 50% theory theory
Mols 2.5 3.7 2.5 2.5

Esterification catalyst, 5g. p-toluenesulfonic acid
Polymerization inhibitor, 5g. quinone

Azeotrope former, 100 ml, benzene

Procedure:

1. The reactants were placed in a flask fitted with a Stark
and Dean tube,

2, Heat was applied by gradually raising the oil bath temper-
ature from 115° to 130°C., to keep the benzene-water-allyl
alcohol azeotrope distilling at a reasonable rate., The
water was separated\from the azeotrope in the Stark and
Dean tube and the allyl alcohol-benzene solution returned
to the reactor,

a. The azeotrope had a boiling point of 68,2°C.
b. About 10 hours was necessary to complete the esterifica-
tion.

‘3. Excess benzene and allyl alcohol were distilled from the

product at atmospheric pressure by gradually raising the oil
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bath temperature to 150°C,

4, A 2 foot Vigreaux column was fitted on fhe reactor and the
fraction boiling from 140° to 145°C. at 1 atmosphere press-
ure was taken as allylbutyrate. The yield was 246 g. or
about 76.8% of theory.

Remarks:

This was a simple, straightforward esterification., No dif=-
ficulties were experienced, The only precaution necessary
was to avoid contact or breathing of the toxic allyl alcohol

or its vapor.
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SYNTHESIS OF

TRIALLYLCITRATE
oH CH CH,
1 n
C-[cH, COOH] n* OH o cu
! 2 C-len:C-0-CH
C-OH +3 eH, i 2, + #H,0
o -Hzo 'OH C':o _
. O-CH;-CH':CHZ
Mol. wt. 210.13 . 58,08 312.3 18.01
Exptl, wt, 210.g. 232.3g. 312.3g. 72.04g.
Exptl. mol., 1 41 4
azeotrope former 200 ml, benzene
esterification catalyst 5. p-toluenesulfonic acid
polymerization inhibitor 10g, copper turnings

This reaction was carried out according to direc-

tions given us by John Bellamy (5).

Outline of synthesiss

l. The esterification required 18 to 24 hours. A Stark
and Dean tube was used ﬁo remove water,

2. The reaction product was washed thoroughly with water
to remove p-toluenesulfonic acid and allyl alcohol, If
this was not dohe excessive decomposition would occur in
the final distillation,

3. The benzene and water were removed by distillation at
1.5 cm. Hg pressure (water aspirator). Careful, even
heating had to be done, otherwise the reactants would
undergo a violent, almost explosive, exothermic polymer-
ization,

4., The product was vacuum distilled at 1.5 to 2,0 mm. Hg

pressure, The fraction boiling at 160° to 170°C. was

found to be triallylcitrate. A yield of 231 g. or 74%
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was realized,
Three runs were made during the course of this

research with a total production of 484 g, of triallylcitrate,
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SYNTHESIS OF
GLYCOLDIMETHACRYLATE :
CHy

oH CHs =C-C3cH,
Phowzoc 0 +2 CH;0H
CH. C-0-CH, oy
OH 0 0 _CHy
| 0=C~C~cH,
Mol. wt., 62,07 100,11 198.23. 32,03
Exptl, wt. 62.07 500,55 198,23 64.06
Exptl. mol, 1 5 1l 2
alcoholysis catalyst 1l ml, sulfuric acid
azeotrope former 200 ml. 65-70°C., ligroin
polymerization inhibitor 25 g. hydroquinone

This synthesis is an adaptation of a method (49
for preparing monoacrylic esters, Henry Steinmann stated
that he had also prepared glycoldimethacrylate (9), by a
slightly different procedure.

Procedures
l. The alcoholysis reaction was conducted in a flask

equipped with mechanical agitation. This was necessary
because the glycol is not miscible with either the
ligroin or the methylmethacrylate. The ternary azeotrope,
methanol-ligroin-methylmethacrylate was distilled from
the reaction flask as it formed., A water bath temper-
ature of about 90 to 959C, was necessary in this step.
The total reaction time was about 36 to 40 hours,

2. The product was washed thoroughly with water to remove
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the sulfuric acid and any unreacted glycok. This was
necessary because glycol has almost the same boiling
point as its dimethacrylic ester, Since the hydroquinone
was also washed out, it was necessary to add another 5 g.
of hydroquinone after washing was completed.

3. Unreacted methylmethacrylate and residual ligroin were
removed by distillation at 1.5 cm. Hg pressure (water
aspirator).

4, The product distilled at 83°C. when under a pressure

of 1.5-2rnm., Hg. The yield was 167 g. or about 84%.

A water bath was sufficient for all the heating
operétions. It was felt that poorer yields_would have re-
sulted if temperatures much over lOOOC. had been employed.

Three runs were made during the course of this

research with a total production of 497 g. glycoldimethacrylate.
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PREPARATION AND PROPERTIES OF PROMOTERS

Diazoaminobenzene (1,3-diphenyltriazene)

H
OO

Diazoaminobenzene was prepared accoding to the pro-
cedure in Vel, II of Organic Synthesis (6). Only one fifth of
the specified amounts were used., About 27 g: of product, which
had a melting range of 95.7° to 96,2°C., was recovered in the
second crystallization from ligroin in the form of bright

golden-yellow plates,

Benzenediazoniumfluoroborate

a7

O
Benzenediazoniumfluoroborate was prepared according

to the procedure in Vol. II of Organic Synthesis (7). Only one

twentieth of the specified amounts were used, yielding 74 g. of

a light yellowish-brown granular solid.

Benzylhyponitrite

O ovomenoen-O

This synthesis was divided into four parts, the pre-
paration of benzyliodide, sodium hyponitrite, silver hyponi-

trite and benzylhyponitrite,
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Benzyliodide was prepared by a metathesis reaction (45).

Opir + ot Qs +

Mol. wt., 126,58 166,02 218.05 75.56

Exptl. wt. 12.6 g. 35 g. 150 ml, 21.8 g. 15 g.

The reactants were refluxed for 6 hours. The insol-
uble potassium salts were filtered from the solution and the
alcohol boiled off at 1.5 cm. Hg. pressure., About 15 ml. of
ligroin was added and the remaining potassium salts were fil-
tered from the solution. The ligroin was distilled from the
product at 1.5 cm. Hg. pressure. The product was crystallized
at about 0°C, and the mother liquor filtered from it in a
cooled sintered gooch crucible. A yield of 18 g. of light
yellow benzyliodide crystals, m.p. 23.5° to 24°C., was re-
covered.

Sodium hyponitrite solution was prepared according

to Mellor (36).

Lo/
o +oRLHs] v2h0 S VKO N
Mol. wt. 69.01  22.99 18,01 106.01  40.01
Exptl., wte 13.72. 12.0g. 200g. 10.5g. 20.8¢.

The sodium amalgam was added slowly to the sodium
nitrite solution, keeping the temperature of the reactants
below 5°C. and agitating vigorously with a mechanical stirrer
to insure good contact. About 3 g. of yellow mercuric oxide

powder was then agitated with the product for about 15 min-

utes to destroy any hydroxylamine which might have formed,



The solution was decanted from the mercury and filtered to
remove mercuric oxide.

Silver hyponitrite was prepared according to Par-

made neutral to phenolphthalein with acetic acid. Silver
hyponitrite was precipitated by treating the solution with
silver'nitrate, exaéfly as directed, and was recovered and
dried'ofer P205. o .

Benzylhyponitrite was prepared by reacting dry
- silver hypdniffifé.ﬁiﬁﬁ.ﬁéﬁzyliodide in anhydrous ether at
- 0°C, (43) exactly according to the procedure given by Par-
tington and Shah, About 12,7 g. of fine yellow powdered
benzylhyponitrite was recovered which had a melting range

of 48,3 to 48,8°C.

/P
CI'I3 O’S
\ 0
N o 7/ 0, - H 7
CH 3/ ~ °~H Na CH3 CH2CH20H2CHZCH2§” - 0~ S « ONa

The bisulfite addition products of acetone and hep-
taldehyde were prepared by reacting the organic compounds with
a saturated solution of sodium bisulfite and recovering the
precipitate on a small buchner funnel (17). The acetone pro-
duct was a hard white crystalline material, The heptaldehyde

salt was a soap like, yellowish-white material.
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Hydrazobenzene

The hydrazobenzene from the stock room appeared to be fairly
pure. It was crystallized once from ligroin to yield yellowishe

orange crystals which melted from 129,7° to 130.2°C.

Tetrachlorohydroquinone

was crystallized from acetic acid to yield light yellow
crystals melting from 231.6° to 232.1°%.
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PEROXIDE ANALYSIS

Analysiss

Peroxide Mol,.,wt. Sample wt. M1L.TS % Peroxide
Benzoylperoxide 242,08 00,0497 8.18 99.66
l-hydroxycyclohexyl-

hydroperoxide-l 132.15 0.0683 20.45 98.91
ditertiarybutyldi-

perphthalate , 310434 0,0441 8.98 79.06
purified ditertiary-

butyldiperphthalate 310.34 0.0526 13,42 99.04
‘Remarks:

The benzoylperoxide and l-hydroxycyclohexylhydro-
peroxide-l were used in the polymerization experiments withe
out further purification.

Analysis showed that the ditertiarybutyldiperph-
thalate was about 20% low in peroxide content., This peroxide
was crystallized four times from methanol to yield the puri-

fied product which tested 99.04% peroxide.

Iodometric gnalysis was used to determine peroxide
according to the procedure of X, Nozaki (41).

The‘orgapic peroxide in acetic acid solution was
reacted with potassium iodide and the iodine, Which was set
free, was titrated with standard 0.05N sodium thiosulfate.

This reaction is illustrated with benzoylperoxide:
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Peroxide = 2 equivalents of iodine.

Oxygen from the air was excluded from the titration flasks be~

cause it causes a reoccurring end point.

% Peroxide = Mm,TS x Mol, wt, x 0,0025
- -Sample weight x_-#02 o
M..TS = Milli-liters of thiosulfate

Molecular weight of organic peroxide

Mol,.wt,
0
# 2

it

Number peroxide groups per molecule
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GENERAL PROCEDURE OF POLYMERIZATION AND ANALYSIS

A six inch teat tube was scrubbed and rinsed with
distilled_water andvacetone. It was then allowed to dry in-
verted in a test tube rack., A 50 ml. distillation flask,
which was to be used as the receiver for distilled monomer,
was cleaned in the same manner., Both pieces were heated to
redness  in a bunsen flame Jjust ﬁrior to use, tO'drivé out the
remaining moisture and impurities,

The monomer was placed in a distillation apparatus

and distilled under the conditions:

Monomer Dist. temp. Dist, press., Hg
allylbutyrate 143°-145%C, 1 atm,
diethyleneglycol

bis(allylcarbonate) Not Distilled
triallylcitrate 160°-170°C, 1.5 = 2.0 m.m,
isobutylmethacrylate 55% 60°C, 1.5 cm.
glycoldimethacrylate 83°%. 1.5 = 2,0 m,m,

A 10 to 15 ml, foreshot fraction was taken to wash
out the apparatus and to get the feel of the equipment so
that distillation of the main fraction could be carried out

correctly. The foreshot receiver was quickly replaced by the .

freshly cleaned main fraction receiver and distillation con-

tinued until about 25 to 30 ml, of distillate was recovered.
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The test tube which had been previously cleaned was
tared on the balance and the desired monomer weight added to
the balance pah. A slight excess of the distilled monomer was
poured into fhe test tube and then reduced to the correct
value bvaithdrawing small amounts of the monomer with a glass
tube, which had previously been cleaned and fired., The test
tube was then stoppered with a tin foil covered cork and set
aside.

A weighing dish was tared on the balance and the
desired catalyst or promoter weight added to the baiance pan,
The correct amount of catalyst or promoter was then trans-
ferred to the dish with a small spatula.

The catalyst and promoter were added to the monomer,
The test tube was then rocked to facilitate their solution
and placed in the constant temperature bath at 60°C, % 0.3°C,
It was then withdrawn at about one minute intervals and rocked
gently for a moment until the solution was homogéneous. This
operation required about five minutes. A,samﬁle was then
taken for analysis and designated, zero time,

In a few cases the reactants were dissolved at room
temperature and the homogeneous solution was then divided and
sealed in 10 to 15 glass tubes, each 6 mm, in diameter and
about six inches long. The glass tubes had previously been
washed with water, rinsed with acetone and fired to a red

heat befgre filling.
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An indicator run was made of each monomer-catalyst
combination. After the first sample was taken the reaction
was allowed to proceed for a week or until a jel formed. If
no jel formed a sample was taken to determine the dégree of
polymerization. Based upon this indication another run was
made and samples taken at appropriate intervals during the
reaction, The kinetic interpretation and reaction rates were
then derived from the data made during the second run.

Sampling was done as simply and quickly as possible.
A 25 ml, volumetric flask was tared on the balance, and then
carried to the thermostat bath. The bath was opened and a
sample transferred to the volumetric flask from the reaction
tube with a pipet. The reactor was then stoppered and the
bath 1id replaced.

The volumetric flask was weighed and the sample
weight determined by difference. The sample was diluted
to 25 ml. with pyridine,

Aml, or a 5 ml, aliquot portion of the pyridine=
polymer solution was taken for analysis, See appendix for a
detailed discussion of the analytical procedure,

Exactly 0.05 N titranfs were used in all experi-
ments. The solutions were made up slightly more concentrated
than 0,05 N and then standardized against iodine and cor-
rected to exactly 0.05 N by addition of distilled water,

The unsaturation of the polymer samples was ex-



pressed as monomer., The equations used were:

Allylbutyrate

%ZM = Titre x 0,3200

Diethyleneglycol bis(allylcarbonate)
4 M = Titre x 0,3427

Triallylcitrate

4M = Titre x 0.260
Isobutylmethacrylate

%Z M = Titre x 0,3551
Glycoldimethacrylate

ZM = Titre x 0,2477

= sample weight

F = aliquot factor
1 ml, aliquot
5 ml, aliquot

0,04
0.20

g =)

%4 M = percent monomer

Titre = milli-liters of 0.05 N solution necessary

to titrate the sample

45'
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CONSTANT TEMPERATURE BATH

The constant temperature bath is pictured on the
opposite page. It consis?ed of a standard set of equipment
with the exception that the faulty bimetallic regulator fur-
nished with the apparatus was replaced with a mercury contact,
chloroform vapor thermostat. Chloroform boils at about 60°C,
By using it to control the mercury ﬁbvement the temperature
of the bath could be maintained at 60°c, T 0.,2°.

A masonite cover was provided to keep out light and
dirt. A coat of black asphalt paint prevented it from absorb-
ing water and being warped out of shapé. The glass jar was
covered with asbestos paper to insulate it and keep out the
light.

The only precautions necessary in operating this
apparatus were to o0il the agitator motor and to clean the

mercury contacts of the thermoregulator about every two months.
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POLYMERIZATION REACTIONS

The following abbreviations were used in these
experimentss
M .,Br <= milli-liters of 0.05 N bromide-bromate reagent.
M1, TS = milli-liters of 0.05 N sodium thiosulfate reagent.
m,.Br - M1.TS

Titre
Z M

% monomer, equivalent to the unsaturation found
in the sample. ‘ ‘
Log #M = Common logarithm of % M.

Aliquoty ml, = the number of ml. used for analysis,

The rate of each reaction was calculated, assuming
the reactions to be first order., The rate was written on the

graph accompanying each experiment.

K = ‘ftq log %Q

K = specific reacfion rate per hour

C, = concentration of monomer at zero time
C = concentration of monomer at time t

t = nhours after reaction was started when

C was recorded

Each percentage graphed was circumscribed by a

circle representing its value 3 1%, It was felt that this
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represented a fair approximation of the data since the accur-
acy of éhe analysis varied from about 2 0.6% to & 2%. The

data are graphed to different scales depending upon the per-

centage range. The & 1% circles are a quick visual aid for

realizing this range and correlating the different graphs.

The mol fraction values for the reactants were
selected to provide uniformity of experimental data. In each
case 1.5 molecules of catalyst or a whole number multiple
thereof was”provided per 100 molecules of monomer and 0.5
molecule of promoter per 100 molecules of monomer, The values

are derived:

mol fraction = mols A
’ . mols A + mols B + .4
Catalyst
1.5 éatalyst/loo monomer
0,015 = 0.01477 mol fraction catalyst
1+ 0.015 7 2 catalys
3/100 —0.03 _ = 0,0291
1l ¢4 0,03

1.5/100 with 0,5/100 promoter

0,015 = 0.
0.015 + 1 4 0,005 0.0147

1,5/100 with 1/100 promoter

0,01% = 0
0,015 + 1 ¢+ 0,01 <0146
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Promoter

0.5/100 promoter with 1.5/100 catalyst

00005 -
0,005 + 1 4 0,015

0¢0049 mol fraction promoter

1/100 promoter with 1.5/100 catalyst

0.01 z 0.00
0.01 +-1.f'6.01§ 97
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POLYMERIZATION: (a) THERMAL

The five monomers were freshly distilled, poured
into six inch test tubes and stoppered with tin foil covered
corks, The tubes were allowed to stand for one week at 60°C,

Analyses before and after this treatment were as follows:

Time Sample M1,Br Mi,L.TS Titre % M Aliquot

weeks weight ml,
grams

Allylbutyfate

0 ~ 0.3453 15,00 10.73 4,27  98.8 1

1 0.4082 15,00 9.95 5.05 98.9 1

Diethyleneglycolbisallylcarbonate

0 043723 15.00 10.98 4,02 92.5 1

1 0.3149 15,00 11,63 3.37 91.8 1

Triallylcitrate |

0 0.2531 15,00 11,20 3.80 97.6 1

1 0.1357 15.00 12,98 2,02 97.0 - 1

Isobutylmethacrylate

0 0.2390 15,00 * 12.36 = 2.64 98.1 1

1 0.2651 15.00 12,13 2,87  96.2 1

Glycoldimethacrylate S |

(] 0.2978 15,00 10,32 - 4,68 9743 1

10,2143 15.00  11.66  3.34  96.1 1

Remarkss

No appreciable polymerization occurred in any of these runs,

The data is consistent within the experimental error.
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POLYMERIZATION: (1) Allylbutyrate with 0.01477 mol fraction

of benzoylperoxide at 60°C, 22,187 g, monomer
0.629 g. catalyst

Time Sample M1.,Br M1,TS Titre % M Log Remarks

hours weight % M
grams - |

0 0.5754 15,00 8.20 6.80 94.5 1.975 Clear color-
less solution

1 0.5594 15,00 8,39 6.61 94,6 1,976 '

2 0.5931 15,00 8.01 6,99 94,3 1,974 1 ml, aliquotes
used of all

3 0.5735 15,00 8.20 6.80 94,8 1,977 samples,

4 0.5720 15,00 8,33 6.67 93.0 1,968 Reactor was

' not fired,

5 0.5415 15,00 8,75 6.25 92.3 1,965

6 0.5772 15,00 8.35 6.65 92.1 1,964 No change of
sample pro-

7 0.5452 15,00 8.79 6421 91.2 1,960 perties is
apparent,

8  0.5765 15,00 8.47 6.53 9043 1.955

9 0.5382 15.00 8.97 5.03 90404 1.954

10 0,5010 15,00 9.38 5.62 90.0 1.954

11 0.5486 15,00 8,97 6.03 88.3 1.946

13 0.5330 15,00 9,17 5.83 87.5 1,942

24 0.,5852 15,00 8.87 6,13 83.4 1,921

25 0,5880 15,00 8.92 6,08 82,7 1,917

26 0.5315 15.00 9.57 5.43 81.8 1.913

27 0.5546 15,00 9.30 5.70 82.2 1,915

28 0.,5653 15,00 9433 5.67 81.6 1.911

29 0.5674 15,00 9.22 5,78 81.3 1.910

30 0.5494 15,00 9.47 5.53 80.3 1,905

032 0.5554 15.00 9.42 ‘5,58 80.2 1.904

W
Lol

0.5339 15.00 9.72 5,28 79;2 1.898
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POLYMERIZATION.‘(I-a) Allylbutyrate w1th o 01477 mol .

-(fractlon of benzoylperoxide at 60°C

12 809 g. monomer ;; .3631 g. catalyst

tTime‘ Sample M1 ,Br, Ml;TS‘aTitre,‘ %TM Log Allquot

e ._.O __

"?4.

12
22

%
\30 |
"

hours weight . . . RO ZH ml.v,~-,;°f

grams

U e a5 o par seaa

1
1,
0.4190 15.00 10,28 4.72  90.2 1.955 1
'0;39é7u 15;06. _10.66vw 4,34;;;88;5"1;947;rf1f;',i
| 0,4084“15;06, 10, 66.}-4.34ft 85.1:f1-93O71’1;

10,2783 15.00 f12.16;‘ 2.8 81.7 1912 1
:-:o,éﬁadl 15.00_,”12 45:"21555*f7§.1fui;8§85.1

o Remarks: ;[

. Qe

EReactants seemed to be a llttle more v1scous afterlfrc

w‘34 hours..;-

‘The reactants formed a clear colorless solution through-»fff?9v° ’

| out the run.

c.

d.

The polymer-pyridine solutlon was not colored.;.r

The reaction tube and dlstillation receiver were f1red to‘fc; ;;"

'ﬂiremove any traces of water or 1mpurit1es.~e.}



56,



100

60

1

1 %
10 Hours 20

Diethyleneglycol bis(allylcarbonate)

0.01477 m.f. benzoylperoxide
K = 0,00948/hr.

2,00

AW
1.90

T

1.80 1 1 2 'y

0 10 Hours 20



576

POLYMERIZATION: (2) Diethyleneglycol bis(allylcarbonate) with

0.01477 mol fraction of benzoylperoxide at 60°C,

27.08 g, monomer 0.3585 g. catalyét

Time Sample M1.Br M1,TS Titre % M Log Aliquot.
hours weight ' %2 M ml.

grams
0 0.6133 15.00 8.62 6.38 89,2 1.9504 1
2 0.5950 15,00 8.97. 6.03 87.1 1.940 1
4 0,5963 15.00 9.05 5.95 85.5 1.932 1
6 0.5235 15.00 9.90 5316 83.5 1.922 1
8 0.5903 15,00 9.83 5.17 82.4 1,916 1
10 0,6210 15,00 9.13 5,87 80.8 1.907 1
22 0.6325 15.00 9,72 5.28 71.6 1.855 1
24 0.6117 15,00 9.92 5,08 70.9 1.850 1
26 0.6075 15.00 10.08 4.92 69.4 1.841 1
28 046290 15.00 10.00 5,00 68,1 1.833 1
48 Clear, colorless, rubbery jel; fractures easily.
Remarkss

a. The sample was a heavy syrup after ten hours and a fragile

jel after twenty-two hours,

b, After standing for about a year in the air the polymer

had turned a light yellow color,
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fPOLYMERIZATION: (2-a) Diethyleneglycol bis(allylcarbonate)
»with 0 01477 mol fractlon of benzoylperoxide at 60°C.

| 13 707 g. monomer »:_’f;; .1815 2. catalvst

riimelf SampleT,Ml}Br{;’Ml;Ts:eTitre - %M - Log . Aliquot
‘hbu?Sj}Weightf*_,"xi;f jr;h[w_; ST %}M;f'{ ml. ’
0" o 2241;5',‘15.00 12 63:{’ 37 . 90.41956
4  ' 0,2688 _15.00,,_‘:12.31'.;‘ 2, 69",::4'85‘ 9 1.934
8 0 2134;":_;5.ovo*__',fi.3“12.94'.;j"?f.i2 06 &.",3»7’/'82 6;-."1*' 91".71
12° - 0.18% [4'1.?5..067,:.’?3 00 9.00  81.3 1.910
20,2094 15.00 1290 2.09 721 1.858
26 o. 2562}::'!15;‘0()",_’,} '12.83.:fj]ié?léi? 70,8 1850
3oo 1175 "."-15.001:(?4'10 66 }:.,1-;»‘4 34 *"":_'63.4?"}}ji 802‘:* 5

o

N TN

48 | A fragile, ciear, colorless, rubbery Jel was produced.f

fRemarks.f

a.‘Thls run ‘was made to check the reproduclbility of these .*“

A'f experiments.: The agreement w1th the prev1ous experiment
is good.z

,b. The last sample was ev1dently not completely soluble in i

pyrldlne, as. indlcated by - its low unsaturatlon. -
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POLYMERIZATION: (3) Triallylcitrate with 0.01477 mol fraction

of benzoylperoxide at 60°C.,

10.828 g. monomer

Time  Sample
hours weight
grams
0 0.3002
2 0.3253
4 0.3194
6 0.2574
8 0.2455
24 0.2580
28 0.2820
32 0.1831

Remarks:

a+ The monomer and the product were clear

b. The solution was syrupy after 24 hours

M. .Br M1.TS

15.00
15,00
15,00
15,00
15,00
15,00
15.00
15.00

after 32 hours.

10.67
10.37
10.52
11.44
11,61
11.81
11.53
12,79

0.1260 g. catalyst

Titre

4,33
4.63
4,48
3.56
3.39
3.19
3.47
2.21

7 M

% M
93.7
92.6
91.3"
90,1

1.972
1.966
1.960
1.955
1.954
1.905
1.903
1.895

90.0
80.4
799
78.5

Log Aliquot
ml,

T R R = T

and colorless,

and a fragile jel

ce A sample was taken after 48 hours,however, it would not

dissolve in pyridine or acetic acid and, consequently,

could not be analyzed.
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POLYMERIZATION: (4) Isobutylméthacrylate with 0,01477 mol

fraction of benzoylperoxide at 60°C.

14.219 g. monomer 0.3631 g. catalyst
Time Sample Mi.,Br M1.TS Titre % M Log Aliquot
hours weight % M ml,
_ grams. i o
0  0.6298 20,00 13.10 6.90 97.3 1.988

0.5 0.7252. 20.00 12,15 7.85 96,0 1,982
1.0 0.6634 20.00 12.75 7.25 97.0 1.987
1.5  0.7202 20,00 12.37 7.63 94:2 1.974
2.0  0,7200 20,00 12,98 7.02 86.6 1.937
2,5  0.7306 20.00 13.02 6.98 84.8 1,928
3.0 0.7285 20.00 13.53 6.47 78,8 1.896
3.5 0.5467 20,00 15.27 4.73 76.9 1.886
4.0  0.3918 20.00 16.76 3.24 73.3 1.865

- I e =

Remarks: _

ae. An induction period of about one hour occurred.

b. The sample was syrupy after 2;75 hours,

¢c. Samples could not be taken after 4 hours,

d. Reactants formed a clear, colorless, hard polymer. It
softens with heat but cracks when fractured in the cold.

e. It was decided to repeat this run and try to avoid the

induction period and to secure better analytical data.
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i PQLYMERIZATION: (4-a) Isobutylmethacrylate w1th 0 01477 mol
"fractlon of benzoylperoxlde at 60°C.i?.< | o .'
14, 219 g. monomer © .3631 g catalyst
Pime -..-‘sampl_‘e m.Br m. S Titre %n Log Aliquot
~ hours weight = e L a%'n e ml.,
Lo .grams o ‘E‘; R ) TN
0 | 0.4654 15.009.82 5.18 - 99.0 1.995
043535 15,007 11.317 3.69  92.6 1.969
1 B 0.4281 15.00 :16,73._‘;{4 22;:‘ 87.51,942
1& 04052 ;5'15.00 11.26 3 74_f 821 1914
2 0.3086 15.00 12,37 2. 63""3:_76 8 1885
2F 0.2546 15.00 4.67 1o.33;°' 72.1 .858”
3 o;zjss 15,00 5.84 9.16  68.2 " 1.834
301737 15.00 875 6.25  64.0 1.806
& o‘.154§, ,'1"5'.160‘._ "f9 69 '1",5 31.-‘.:7"7'_61.0,;:',11.785 ‘
C4F 0,623 15,00 9.80 - 5.20 56,9 1.755
5 ,'0‘11:5_7»7 3 15";00.”10-1_6;,{ f4454;f*‘_54.-,7'_"1—;738.1 |

B I R IR S O R IR

flRemarkss ‘ | L e | |
‘:a.bPortlons of the catalyst-monomer solution were‘sealed
sa1n 3 mm. glass tubes and then allowed to polymerize at -
-_ 60° Co Each was withdrawn from the bath after a certain’
iftime and analyzed. . v", | _nv :H ST
*lhs_The solution was syrupy after 1% hours, a solid gel after;
,525 hours and was a fairly tough polymer after 5 hours.~;a“
;-¢.;Thls reaction occurred about 30% faster than the prev1ous,

s contam1nated run.
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“'rﬂbﬂf;POLYMERIZATIONz (4-b) Isobutylmethacrylate with 0. 02913 mol

1400 02235 15,00 964 5,36 77.0 1.886
'*F;f;;.zsfﬁl0.13821:15.005‘ 9. 46a‘75.54};f7i;2f 1.852

‘rffifraction of benzoylperoxide at 60°C.:n,:s SRR N
R 14 219 g. monomer ,«;u O 7262 g. catalyst :

;.gfj7rime,;jsamp1e; m1,Br;;M1;Tsa’Titre~Ll%'n Log Aliquot
" hours weight . . FM ml. T

‘*eﬁfosfffifo 3248_515;§b'f11444 3 56ef'97}3' 1,988 1

o .567;fo 2746A§15;oo7i12 39 hfgﬁéll 84, 7f(1;928f
o 75 o. 22145,15;ob{f 5.04  9.96  79.8 1.902

RS BEC WU URN | ‘Ffo\n‘.H_-

150 0a0m 1500 w1 38y 657 148

JRemarks._'f" _ ;
1f,’a. The reactants were mixed and portlone sealed in 6 mm.:

' ’-fa:iglass tubes. They were all put in the 60°C. bath at

‘Hgtthe same. time and withdrawn one. at a time at 15 minute U

‘LE}intervals for analysis._’
'kb;iThe cloudy reactant solution d1d not become clear.,{.v
vic;fThe f1na1 Polymer after 1 25 hours was hard and tough
i;twith no bubbles, but had a rough powdery surface and j

. - was. not clear. i
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POLYMERIZATION: (5) Glycoldimethacrylate with 0.01477 mol

fraction of benzoylperoxide at 60°C,

9.910 g. monomer

Time Sample
hours weight

grams
0 0.3172
0.2890
1 0.,1641
1% 0.,1452
2 0.1287
Remarks:

Mm.,Br M,TS

15,00: 10,06
15,00 10,82
15.00 12,82
15,00 5.97
15.00 7.56

Titre

4,94
4,18
2,18
9.03
744

%2 XM %25

96.4 1.984
89.7 14953
82.1 1,914
76,9 1.886
71.5 1.854

0.1815 g, catalyst

Aliquot
ml,

1
1
1
5
5

a. The sample had thickened appreciably after one hour and

was an insoluble jel after two hours,

b, The product remained clear and colorless throughout the

polymerization.

c. After 18 hours the polymer was very hard and brittle,

‘An internal crack had developed while the sample was in

the constant temperature bath.

The polymer had shrunk

so much during polymerization that it rattled about in

the test tube.
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figlréﬁ*‘?ﬁgos4557_15.ob;,f6 85  8.15 . 83.8 1.923

'h?me7i;f¥:5

. POLIMERIZATION. (6) Allylbutyrate w1th 0.0147 mol fractlon
. of benzoylperoxlde and 0 0049 mol fractlon of tetrachloro-A'T

lihydroqulnone at 60°C

12.809 g. monomer .3631 g. catalyst 0 1239 g- promoter'ifa

lgTime Sample Ml.Br;;Ml TS Titre % M Log Aliquot
hours - weight . - - ST &M ml,
© grams - ... 55'115Luﬁ"“';7537f7'5
‘;o 4207‘*15;602fio.o7. 4.§321l§3;8 7';972:'
0.3516 15.00. 10. 92 . 4,08 ° 92,9 1.968 .
‘;0.3177_'15{oo:f11.31:;°3;6§f->§2Q8d{ 968
:o.ééoo .15;oof~11.71.[73 29 ' 94,0 1 .973f;
, ‘;'3 0.2969 115,00 11, 6o;hf3 40]7»9157,f .9625
.,:~22?fffl° 1538’115§°§?f‘6 63¥f?8-3211185?577 1.937.
D2 04 15,00 7.8 762 855 dase

- T N R

28 01494 15.00 - 7. 16 .7.84  8a, of{;,gé4’_
30 dc1489];15-°°‘.’7 33h,:7{67d”'82 4 1,916

,'\a<xndu1 vx,vx-w~ H_'H'-H 'H,f‘

‘Remarks: L ) _ o .
ﬁffa. The dark color of the sample-pyridlne solution dld not
seem’ to change during the flrst e1ght hours, although

1t d1d change to ‘a 11ght yellow after twenty-two hours._ )

" be’ The monomer solutlon appeared to be sllghtly more viscous

the second day. ;

"fﬁffc. A six to elght hour 1nduct10n perlod was caused by the 3f'

qulnone. '
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'PQLYMERIZATION:(7) Dlethyleneglycol bis(allylcarbonate) with

O. 0147 mol fraction of benzoylperoxide and 0 0049 mol frac-fgnf;t'l;t

ftion of tetrachlorohydroqulnone at” 60°C

13 707 g. monomerv‘;o 1815 ¥ catalyst » 0 0619 g. romoter l‘~7?‘

Him,Smme Moo min £xyg e

 grams oL e R .
,n;o 4ooop,15 oofh10,742 :4;2613.91.2 .9605L
o 3980L15.oo:'io,§8 "4;32}3592.9 | .968l_
0 ,4g62 ’15.00;;16;57> <4°43ifw89 1 ; .950f;

0.4178 '15.00”»19177.f:4.23f_586.9 1 .9391j
22 0.1886 ‘15;00',‘7Lo3“t713?f;]72.3 1.859
24 »0.-‘157:7“1‘5.0'0 " 8.’76}' 6 24,‘:_:-._;’767. 1 831’;"-‘{}
T 0.1623 15,00 8,79 6. 21"_.1365.5__1,,3‘16" b
28 o;iooi*_ls.QOl 11, éz;l 3. .78 64h8'51781éfd
30 0.1280 \iS;oo 110.27” : .735?763.4 1. 8oa*i_5'lft”

® o A N o

B IR N O R I "IN IR VRN

l48 _ ‘A clear, light-yellow, rubbery Jel whlch fractures

'ea31ly.

qudRemarks.

a. A 5 to 7 hour inductlon perlod was caused by the quinone.
':byb. After startlng, polymerlzation occurred at a. slightly .i~,

- faster rate.

”zic.‘The pyrldlne-polymer solution remained colored much 1onger'.,f3"

than in the acrylate systems.n The color Was a deeper
brown whlch gradually changed to orange after about 6 to

8 hours, and remalned constant thereafter.’dﬁ
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2200 0.3557 15,00 1018 4.82  88.1 1.945
S 28 70,3212 15.000 10473 4.27 86.3 1.936
 ‘i*:321_51'9;3616t_15;005 11,125”“3,88;tﬂ8356 .1,922‘

52 0.2612° 15,00 11.81 3,19 79.5 1.900

.15,

| POLYMERIZATION: (8) Trlallylcitrate with 0 0147 mol

\flfractlon of benzoylperoxide and O 0049 mol fractlon of i;

‘t.tetrachlorohydroqulnone at 60°C. . , ‘ 
tt 15.615.g.,m9nomer." 0 1815 e catalyst | ‘0;0619 g.-préhote; .
 Time Sample ‘Ml;Br;tMI.TS:.Titre_ ZM¥ Log Aliquot
~ hours. ‘weight - . . - - - ZM m1.~
o ograms . L e ‘ '
0.4047 15,00 9.23  5.77 9249 ié?éaf::
o .3561 115;001 79}97f“ 5,03 92;1t11.964].‘
qfo.gsls'flngQ io.971'~4.03 ‘ 93;2 11,969
2‘ffq.2621:‘15;oo:11.31 3469 91.6 1.962

| 48 0.2510 15.00 11.96 3.04 .78.9"1'897

56 - - .0,2252 15,00 12,32  2.68  77.5 1.889
.72f.;:f0 1979]”15;067;'35§85‘11gqi5‘ 72.3 i1,859'7
1f f}76fg - 0.1601 '15;06t3;6;27t~-8 73 70.8 1.850
80 0.1656 15,00 5.96 9.04 71.0 1.851 5
; :f;9§;:;?lA rubbery Jel formed. Mo longer 301Uble in pyridlne.

SRSINRRN SN H'tw_,w A R R SR O

"L‘lfRemarks.w

tfﬂj?ia.‘The color of the polymer-pyrldlne solutlon changed from

tan to orange-yellow during the flrst elght hours of the o

react1on and remained constant thereafter.



76.

fb. 'Sb'r;e chain -ti';nsfér* occurred .v : ‘
' ic. The reactlon rate was slower than ‘when benzoyl perox1de
| was used alone.;:w ’v. |  ' ’ - . “
 vd. The polymer-monémer solutlon was syrupy after about fifty

hours reaction time.  {f
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0.0147 m.f. benzoylperoxide
0.0049 m.f, tetrachlorohydroquinone

K = 0.00347

0 20 Hours 60 80 100



V”‘t,ﬁ‘?4 ,‘i°;3895{ 15.00, ’§;75 315.25» 87.7 1.943

584 0,202 15,00 12,41 2,59 79.8 1,902
720042363 15.00 12,30 . 2.70 74,3 1.871
76 o, 1544 15,00 6"21:,58'75*1 7440 1.869.

8.

‘ POLYMERIZATION: (B-a) Trlallylcltrate w1th 0.0147 mol frac- '
"tlon of benzoylperoxlde and 0 0049 mol fractlon of tetra-

.chlorohydroquinone at 60° C._

f_l5.615.g..monomer 0.1815 g. catalyst O 0619 g. promoter S

Time Sample M1,Br M1.TS Titre %M“’Log Miquot

~hours weight =~ : e Z¥  m,

: grams - R R

0 0.4171 15,00  9.02° 5.98 93.3 1.971

| 0.4015 15,00 9.28 5.72 92,7 1.967
8  0.3658 15,00 [9.81  5.19  92.3 1.965

12 0.3168 15,00 10,53  4.47 91.6 1.962

38 0.3003° 15,00 10.93 4,07 87.9 1.944

32 0,287 15,00 11,69 331 865 1.937
f45'"{10?21751?i5§°°'f12-31 ',5;59 - 80.5 1 : 1.906
50 0.2344 15,00 120 2,90 803 1.905

T R A I I S TN TR FE

U‘\

-“Jfféo,,"’ .1273f*15.oo»' 7.95  7.05 . 72,0 1.857

Vfﬁ?léé-ﬁAi Rubbery Jel fDrmed. No longer soluble in pyrldine.

‘quRemarks:‘

<as The tetrachlorohydroquinone was reprecipltated from acetic |
'm'5=?§ acld in an attempt to avoid the 1nduction period of. the f"“:"t:’

prev1ous run.-v'



.‘»6;.

79.

About a 10 hour inductlon perlod was indicated.

';The reactlon rate was about 107 slower than in the
j;;ﬂprev1oue simllar run., - B
aNo physlcal dlfferences were noted in the polymerlzatlon h
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PQLYMERIZATION‘ (9) Isobutylmethacrylate w1th 0 0147 mol

fractlon of benzoylperoxlde and 0. 0049 mol fractlon of

tetrachlorohydroqulnone at 60°C.A-

14 219 g. monomer ;

,Time

hours

’.Samplbv
_weight‘-
‘grams
0. 4948}f
a.o 4026;
044351
A “ 0.3728
0.3427
043392
 0.4008

0.1563

”4WRemarks.i

| ';ia,iThe reactlon m1xture was a cloudy, light yellow solutlon.}:~““

Ml;Br-

15,00
15200

15,00
20,00
20.00
e
y15.00 :
Tx15.oo

R 3631 g. catalyst

7M1;TS;

19470
 1;;90]3
715»8;'
: 4s 20‘

6.90
3 75

3 20
10,70

-Iitre

5-30

4 OO'
,;4.11;
15.80
23400
10,25
¥;52-3

11,80

4,30
’ *Polymer too hard to sample -

'295;2
88,5 1.947
7 14922
1.877
183
1.769

83.7 1

‘i§7;8”

“Log

7543

58.8
1.718

48,7 1.687

;iClear, orange-yellow, hard polymerL”fu

1.978

U R R N O i oI

0 ‘1239 go Promoter

Aliquot

ml.r

rsbgiThe quinone caused the pyrldine-polymer solutlon to have

e light brown color.

A°?cholor was notlced after 1% hours of reaction.

' No more llghtenlng of the qulnone

’aftfc;fThe unsaturation of the startlng materlal appears to be

o break in the curve.- “'

| f“;f:ﬁ. The constancy of pyrldlne-qulnone color begins at the



e. The low unsatura.tlon at the Jel Stage m is_htf,;:bef gs'cribéd: B :
| to cha,in transfer. R . .
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POLYMERIZATION: (10) Glycoldimethacrylate with 0,0147 mol

fraction of benzoylperoxide and 0,0049 mol fraction of

tetrachlorohydroquinone at 60°C,

9.901 g. monomer

Time Sampie
hours weight

grams
0 0.2614
1 0.2221
1% 01703
2 0.1568
2 0.1633
3' 0.1370
3% 0.1298

4 Stiff jel, can no longer be disolved in pyridine.

Remarks:

M,Br M1,TS

15.00
15.00
15.00
15.00
15,00
15.00
15.00

11,02

11.74

3429
5.44
6.94
8.97
9493

0.1815 g, catalyst 0.0619 promoter

Titre

3.98
3426
11.71
9456
8.06
6.03
5.07

% M

94,2
90.8
85.2
755
61.1
54 .4
48,3

7

1.974
1.958
1.930
1,878
1.786

1,735
1,684

Aliquot
ml,

Vi U1 W\ v wm M

a. The color or the pyridine-polymer solutions changed

gradually from a light tan to a yellowish-orange within

the first 1.5 hours and remained constant thereafter,

b. After polymerizing over night the sample was a hard,

lusterous plastic which did not appear to be as brittle

as the polymer from benzoylperoxide and glycoldimethacrylate.

It had a faint yellow color,
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'*”’fraction of benzoylperoxlde and 0. 00975 mol fraction of tetra- f:"t/:

Ar'-

”tPQLYMERIZATION* (11) Isobutylmethacrylate w1th 0 01462 mol

1chlorohydroqu1none at 60°C.

14 219 & monomer g .3631 g. catalyst 0 2478 g. promoter

lirime,» Sample . Ml Br. Ml TS Titre %M . Log ‘Aliquot

e

: 1.5 ‘,i_;~.“0‘\-',4Q42.:_.,;'.'2.0.10'6; ,"15.85"; . 4.15 : *91}3-, : l.’géo.‘
3.0 0.4004 20,00 16,59  3.41 754 1.877
40 0.3676 15,00 1218 2,82 67.6.1.830
4~-31*;4.5t7’td;34123f15§odl,12'4if]'2 59 - 67.5 1,829
\'f?ffs;b" 0;33787315;60 4,19 10, 817,}56,3f.*,754_7.
]:75;5»f~go 2480 15,00 7 65 iﬁ7,35gtf5é;5rf1 720 l
6.0 o 26671,15.00 7 95; *7205}fj46 9 1.67m

‘.lf5w“hours.-weight‘ “ Lo %Y ml,

~ grams.

oa9m 20,00 15, 755 56 976

3A56.5l;,jPolymer too hard to sample

: {Clear, orange-yellow, hard polymer,»soneﬁhat-hrittle,G_"'

'"ARemarks.»

vThe color of the pyridine-polymer solution ohanged from v
Ljdeflight brown to yellow durlng the flrst two hours of thel‘;f'

"’run and appeared to be constant thereafter.

R

The polymer showed lower unsaturation than normal at the S

ejel p01nt.u-d.:"

It was declded to react benzoylperoxide with tetrachloro-']rt;,

'”j':;}hydroqu1none in the absence of monomer to determine whetherl

'5Q;brom1ne adds to either of these catalytic agents. n

R

Repreoipitated tetrachlorohydroqulnone was used 1n this

“Q.’ﬁ,experlment. .



3)}tiReactlon of 0. 01462 mol fractlon of benzoylperoxide and

o :0 00975 mol fractlon of tetrachlorohydroquinone in acetic

. ‘nours weignt . . . Ysobutyl-

.:gil:fl 0 o .3849:‘??15.00::-1_."15.01,30.015;,1707.?0}5}6'.“~~
1.5 03890 15,00 15,05 0.05  0.22

”‘113-0 03223 15,00 150270002 oma

"i*ﬁﬁRemarks:

;jacld at 60°C., and determlnation of unsaturatlon of this
2'rm1xture.;ﬁfﬁf*ifh. B L | | |
‘ :-H : This experlment was carrled out for two purposes:
V;l. To elucldate the nature of the reaction.r ’ \ o .
‘13L;2. To determine whether an appreciable amount of bromine adds‘”
vto these eubstances.c;;f\;:'iax | R :_ ,_‘ o
e 20, 01 g. eolvent . 2104 é;fpéioxiaé; 0. 7435 go_Quinone’ff.
. Time Sample ML.Br Ml TS Titre % X as Aliquot
\‘_f~5fgrams f?jikﬁfi-zfﬁijf;jx‘ “ntmethacrylate '
",oiffﬁt.o 4449ﬂfi§§oo";is;oofﬂo.oo‘]; 0,00
0.5 0 .4116{f15.oo[ﬂ15.063* .06'j';o,25 o

2.0 0.3676 15,00 15.10 0.0 0.7

3575555 e

Aa. Bromine addltion 1e 1ess than the experlmental error 1n de- f”l

"*3ftermlnln8 acrylate unsaturation, hence it is felt that no

1ff:oorrection need be made for in 1n the polymerlzatlon ex-fhf;;C;;fff

"‘thperiments.“

"*Tn;ﬁb;7No color was formed when the reactants were d1880173d 13

h fpyridine.. E1ther the acetlc acid 1nh1bited the color, or 1fl§?;3f

‘*gjﬁmonomer 1s necessary for color formation. ,fhgiio;q,;1-'»'
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1.95

1.90

0 10 26 Hours 30 40 50 60
Allylbutyrate

0.0147 m,f., benzoylperoxide

0.,0049 m.f, hydrazobenzene

K = 0,00278




"-v.‘:POLYMERIZATION: (12) Allylbutyrate w1th 0.0147 mol fraction
N :of benzoylperoxlde and 0 0049 mol fraction of hydrazobenzene.'»;f'f'o'
,‘,  12 809 g. monomer .3631 g catalyst :fo;bééi g;‘ri°ﬁot§§ i“:v 7E:
: rfja7TiﬁefiAsémﬁle. MltBr};Ml;TSj'Titre ;E%IM Log Aliquot
-jif;hogrs ‘weight;;v,jgf;j;gf;;:_? fzi< O J%in;r‘ ml'.j
LDl BTEMB e T
0 0.2517 15,00 11.95 - 3.05 96 a 986
o 4 :-if'_fo.2649'}]15.oo";-f 11, 83“_:_‘},‘,3 17:" f;é=,96 2?2:?% .983,'_"
8 'jjf%fl»-j:_'":..'"o,'éié_’éé.{*15.00"7{_11.98?:'];'3 oz: 94,2 71 ,'9».745.,"f
e 0.2397 15,00 12,32 2,68 89.5 1.952
28 0.2438 15,00 12,29 2710 88.9 1.949 -
3202023 'l;?‘flilsk'.'o'o 3. 79A 11, 21;;;7_4:'88 71948
48 -i"‘,t'l:‘;'b.f1786o“',.15.00 5.16 9 841_:‘:‘;-'384 77,1‘1 928
52 0.1968 15,00 4,75 10.25 83,4 1.921
| 56 .1374”?7'15.00 7.94 7.0632.01.91 .

"Vr;q‘y¥“.\h'fo~H;lHﬁfP”‘H ‘

'Remarksz

‘tﬁgq";“a°.The pyridine-reactant mixtures formed yellow colored solutions,-'*
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"POLYMERIZATION: (13) Diethyleneglycol bis(allylcarbonate)

f ,w1th O 0147 mol fractlon of benzoylperox1de and 0 0049 mol frt -

h'fractlon of hydrazobenzene at 6o°c, m(j,yi[_;.v-=~~

13 707 g. monomer o 1816 g. catalyst O 0461 g. promoter :féf,7<7

".-5T1me VSample Ml BrﬂjHl.TS Titre h%IM Logf' Aliquot I

‘%g;;{grams R T
'752_10 2989:{15.oogfri§§3'd537é7f]?93"8f'i.§7ét}
o .3271fi15,oq};1i“57¥; 3.43f3f89 7}3~¢953f;'

| .35307?15266??11 41fl?3 59 g387.1;; 149400
e .30165f15.oof;11.98;f;3 oatfg85.9fﬁ .934.]A
; o ~3798 Lﬂ;’lg.oox.{i ,1._2. 29, ';‘_2 71 "',:’3»;7:'82.8_2 ; .918‘.5

BRI U NN
nH73HfYH1;H.in

o ouass 15000 11.25 1?‘.3*.'75}.* 93 14969 1
11 0.2165 15.00 13,03 1.97 778 .81 1.
28 01823 15.00 7.06  7.94° 74.6 1.873 5
| rffffsjiéyfifﬂo 1517fi15,oo 8, 63,;.é;ééﬂsf72202f1;857f155 o

v‘_~ffdff1§?:;;’ .1262fmi§;bo 9 78:i15.22tf;?d;afvlfBEQ;fTg;gg*'

tfﬁ}Remarks: B L | , A
‘,a. Thls experiment consisted of two polymerizatlons using
7ffthe same amounts of reactants whlch were comblned into one
;E?f@;sequence.. The flrst run hardened over nlght so that no |
H_lefkmorning samples could be taken.; The second run was started »
;ii3fat night so that sampling could be centinued the next day ‘fo*”"
itj?ﬁuntil it hardened.tl;lx*:' L S |



R

Coe

e

. 4‘..\’“.

The last ana1y81s flgure was 1ncorrect due to insolublllty

Fq;of the polymer in pyrldlne. Yo

The reactants became syrupy after 8 to 10 hours.__

fThe clear polymer had a brownlsh-red color.,i

;The polymer-pyrldlne solutlon was colored yellow.
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T TR

”*U_PQLYMERIZATION: (14) Trlallylcitrate w1th o. 0147 mol

a'ﬁ’: fractlon of benzoylperox1de and 0. 0049 mol fraction Of

”?ffhydrazobenzene at 60°C-frnﬂﬁffifl54ied

15 615 g. monomer 0. 1816 30 catalyst 'O 0461 g. promoter;’xv"

. :1',3T1me Sample;,nl.Br ;Ml TS Tltre 3,% ¥ ‘2°3 Aliquot

S oaa o 1925 15,00 12,59 2.1  BlL.5 1 Lo

‘.:hours welght*,,‘;ﬁ_x S T e .HI;-“H ml. -

o o .33741:i5;901.io;i7f324;83g?"53;1:;1;5597)
co2 H"fﬂ;o 2990;515;603410 735;54;27;’f§2}é”'~§§684a‘
:{iifjf47,i;lfo 2711;?15.oo§j11 21_753"%9?::90;851 .9583**
165,;d2i .2317lﬁ15.00f;11 O9dfi3 91;f;§954fﬁ '956{f
B 02524 15,00 11.55 3.45 88.9 1.989

28 0.2869 15.00 11.49 3.5 80.0 1.903 1
32 04395 15.00 6. 68“3393?;3777. 4 1, 889;.'5;,v

B I N i o “_7.

“'i;fgal'ﬂ}ﬂReactants have formed a solid jel whlch was. insolubler,-*w

1ilBemarks:i'7'A

'qiif‘a. Beactants were syrupy after 28 to 32 hours. f?;?~~§ﬁ”'

"‘fiifb A clear crystalline Jel formed after 48 houre whlch had a 1fdf”ﬁ

11ght tan color..7""'

n'j?Fc. The polymer-pyridine solutlons were yellow When flrst

mlxed, but developed a red color after standlng for an :f:

hour or so.,;
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65 . 1 ,
0 0.5 1.0 Hours 2.0

Isobutylmethacrylate
0.0147 m.f. benzoylperoxide
0.,0049 m.f, hydrazobenzene

K = 0.,1411




"V95gﬁ S

"'~{POLYMERIZATION: (15) Isobutylmethacrylate w1th 0. 0147 mol
'fffractlon of benzoylperoxlde and 0. 0049 mol fraction of o

3vfhydrazobenzene at 60°0.'

14 219 g. monomer ?o 3631 g. catalYSt 3;0 0919 g PrOmOterffﬁslh'

:"Time Sample. Ml.Br‘le.TS Titre %M. Log~ Aliguot
LU L. . gTams i s T
"’j"f;;¢f;;{f{o 2457r?i§;OO_Tré;4o_p¥2 6of;f§4;1i'i.974r;
,,;:f*1;61§:]1‘o 2231¥f15;66¥7i2‘83ie;2 17wf§86;??§1;9387
1.0 01795 15.00 6.70 8.30 82,2 1.915
 f1frij53f? o.1210fii§;69ff 9.81};f5.19¥f?76;1f{1;3315f'
R 75 R 1056f’15;ddg;10 6olﬂi .4075373;8ffiL86824r
ol "?z o 0 ,1790,"}'.: '_1.',5560{, 7.99 7 016951842

MU e e e

'fRemarks:;f;;j 1 »

A::°'$?fRea°tl°n mixture was syrupy after one hour. ;1f{f:f.h»f‘""

" hours weight . . R m1..“,fx1¢*vf-w

ﬁg;”b;fReaction mixture was solld at two hours. The polymerlza-e _J15.17

ﬁﬂfa;ftion tube had to be broken in order to get the polymer for

|  ;¢%f%:samp1ing. o B RN :
**“*ﬂ?éQfThe hydrazobenzene gave the polymer a light tan color which
ﬁ'7f d1d not change hue durlng the reaction. ‘_: o
;T°7f§;fThe hard polymer was clear and contalned a few very small |

. "’i:‘_f':f."-bubbles, ‘
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LPQL

9T

IMERIZATION: (lS-a) Isobutylmethacrylate w1th 0 0147 mol

‘ ;_fraction of benzoylperoxide and 0. 0049 mol fraction of hydra-f';

H";jzobenzene at 60°C.v~- L

1

'.;, da5<:%;o;2118r415.001112.97>*f2—°3}§-85‘3:7 o

’=ﬂf;} 1 2

s of253é'5¥54°°x*13 03 1.97 ©69.2 1.840
o .75 o?i36§?715:06,7 9. 95:5L5.05*?569}Off1'839?5
T 00, | 8
'”r‘g3 o
| 2}194 0~.
L

"3”?27Remarks:

o ;? a.

b 219 g. monomer .3631 g’ catalyst °f°919”é:{bromoterf f:t"m

‘L«lffTime Sample Ml.Br ‘Ml TS Titre % Eﬁ Loéf Aliquot o
s hours :weight S o M ﬂ": ml.~4"‘

,.;lgrame;f;,

| 0.3526 15.00 ‘11 21}7§3;79_=:95§4ff .9797fﬂ

ofééisuels.oog]lz 44*Jf2.56,m 86;7 1 .907fg
5 ;2296;§;5.ooj+13 oo;o,z;oo{§i77;5i;1 8895;“

, 41824fﬁ15.oof: 8 06ﬁ7'6,94'3f67;7f71 831
lgOéizég‘f15.ooi; 9.39 5.61 56,5 1.752
j*$1o71~;1s,oof5%2e29';ié:71f4’44;8"*1.651‘!'
o o. 1050'ﬂlssooffié;ébff22;ldkif35;5;fi455o?,

.*vt;sn<~cvis~s\n‘re<;~a e

In this experiment the monomer solution was prepared in lfr:

v&lthe cold and then portions of 1t sealed indiv1dually in

“5fff6 mm. diameter glass tubes., All the sealed samples were i"‘

: *”fiiput 1n the bath tcgether and each was then withdrawn at

T
e

Cd

:iffgian appropriate interval for analy81a.- This was done 1n

“‘"ﬁiorder to. carry sampling beyond the jel stage.‘pjfeii*:3”Tf
FThe reaction mixture formed a hard polymer after 1 75 hourst;
EA clear, light tan colored plastic was formed.v¢_ ° '
fA definlte % vs time curve was formed in thls experiment
ﬂi5gwh1ch was not ev1denced 1n the prev1ous two hour run.-_rhe-t"

wtgereaction was flrst Order.‘ SR
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‘”"rff99{tt5;

':hPOLYMERIZATION. (16) Glycoldimethacrylate w1th o 0147 mol

- fraction of benzoylperoxide and O 0049 mol fraction of hydrazo-';'f,'h

: benzene at 60°C._:

9 901 g.imonomer

.‘Time
~ “hours

Sample
welght

..grams
.0 0.3088
| flb;ésh;
L 0.50
. _6575f;
o 1,00

'H;1‘25~r

7?;4'.2.00.Qﬁsagple

0.2229
st
;071456;;
| .1309f
;o 1312;

7fRemarks:

~a. The reactlon mixture was made up and portions of 1t sealed.

Ml,Br

15.00 -
15.00

{15.00

15,00
15,00

.1815 g. catalyst
Ml TS

;15;:o»:
1.8
12,52
5. 9. 29
'57.4623\

no 1onger soluble in pyrldlne. o

7. 54fQ
8 271’

'_;into 6 mm. glass tubes.e

'_ff]the constant temperature bath and withdrawn at 1ntervalsf'

“:~fgfor ana1y31s.;;'ﬁif5'3:'h

“szipletely in. the pyr1d1ne.~

;:f:ihanalysis was low._‘fﬁ

ritrejf

'¥4A30?f
349
2,48

a%:m B

962 1
885 1
83.2 1
7744
70,5 1
635

. I.og
dm

98 1 -

947 1

1,920 1

188 5

1.848 5
5

21 8035.c

Aliquot NS
ml‘:,

As a result the unsaturatlon

“?Tffc. The polymer was a clear, llght yellow colored plastic.fﬂf

0 0461 g. promoter R

These tubes were then inserted in';f1:73

37;ﬁfh;7The sample taken after l 25 hours did not dlssolve com-\ -



100.

POLYMERIZATION: (17)‘Allylbutyrate with 0.,01477.mol fractioni“
of l-hydroxycyclohexylhydroperoxide-l at 60°C,
12,809 g. monomer 0.1982 g, catalyst

Remarks: ’ : ,
Several runs of this material were made but a con-

‘Vtinuous polymeriZétion was not realized. Induction periods

‘ ﬁ}'qf several days were found. Induction periods also occurred .' 

Evafter sampling. IE was felt that‘this reaction rate was

probably too slow to be @eagu;éd‘byléur technique,
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- POLYMERIZATION: (18) Diethyleneglycol bis(allylcarbonate)

102,

: with 0.01477 mol fraction of l-hydroxycyclohexylhydroperox-

" ide-1 at 60°C.

13.707 g. monomer

Sample M1.Br M1.TS

Time
hours weight
grams
0.4254
8 0.3657
- 24 0.2948
: 30 0.3426
48 0.2324
56 0.1;56
72 0.2392
80 0.2537
96  0,1789
104 0.1243
120 0,1475

Remarkss

15,00
15,00
15,00
15,00
15,00

20,00

20,00

115,00

15,00
15.00

10.57
11,22

12.09
11,65
12.79
- 8.25
9.26
8.86

;  7-33

9.69

8.97

0.1982 g. catalyst

Titre

4,43
3.78
2.91
3.35
2.21
6.75
10,74
11.14
7.67

5¢31°
6403

89.2
88.5
84,5
83.8
81.5
79.4
7649
75.3
73.4
73.1
70.2

% M

1,950

1,947

1,927
1.923
1.911
1,900
1,886

- 1,877

1,866

1,864
1,846

Log Aliquot

ml,

1
1
1
1
1
5
5
5
5
5
5

a.w$pe'reactants became syrupy after 56 hours and formed a

. clear colorless jel ‘which was insoluble in pyridine after

“120 hours.

"~ b. Samples were made less frequéntly than usual to avoid the

chance of contamination,
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h'flph;f

;“;POLYMERIZATION (19) Triallylcitrate w1th 0 01477 mol fraction

ﬁtfof l-hydroxycyclohexylhydroperox1de-1 at 60°C

. )rime ':Sample Ml.Br Ml TS
: 3hours weight = o
-+ -grams

_,:f;i?é?T:

“f*them

15 615 g. monomer ;'l

arks : 5 ' Ve ;:. .v ‘;_';".,; L : S

xf;ov2119;
:ﬁf:24;;f,'

48
o720
960
20 0.1495
0.1399. 1
0.8 1

0. 23947‘
0. 2910
0. 2362f
0.1860

;119631

15,00
15,00

15.00

15000;~
'15.00

11.89
1159
15.00}?10 90;;
115.00
‘;15.00j
fls.oo};

. 79;
;12 461

; .93
5 80
3.10

7.40

.0991 g.:catalyst

Titre

11.9oﬁ*
7.6o;f;

311
420 -
;3*215
'7 .54
1o o7f&
9420

fg7 M

955
927
191 6d4
883
88,9 1
87.5
.n;859572
82.6

Log Aliquot

g

1932
1.925
1917

1,980
‘967?;
.961’?
1 .946ft
1,949
1.942

yﬁn%\nf\ﬂ;‘ﬂlVHf'Pfe“f7H"“3'

mlo

*The reaction occurred so slowly that the minute impurities

"”fflntroduced 1n sampllng caused induction perlode of several R

; fodays.e This was the best of several runs.3~;fl557“

"7?bﬁf

:ld?

The constant was calculated for the flrst slope.if;t

‘;;ffto get syrupy after 216 hours.ilﬁf5jf?hfff'

| '5a§Ac;11t was felt that thie data 13 only qualitatlve at. best.,ﬁ!ffﬁ7”"

{The clear, colorlees reaction product ‘was Just beginning ~5ffl
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"L5EQZPQLYMERIZATI°N‘ (20) Isobutylmethacrylate w1th 0. 01477 mol

"u*fraction of l-hydroxycyclohexylhydroperoxide-l at 60°C

L 16521.;’1:5.~°°’1}iff'f.?,-"95? o 757 i;;l,._87,9_5 :
M 01079 15,00 10,63 437 79 1857

Tk 14 219 g. monomer- fﬁgc; .1982 g. catalyst

'jTiﬁé  'Samp1e Ml.Br Ml TS Titre % M'f Log Allquot

"jghoprsf weight vg‘u_.“-f ,;~,~:w:‘:"l%gn." ml.‘_;,*‘

'f! :grams SR , E - L
1’ ??]0 2318;?15.00;*12.43 2, 57(4598l4f i§§§3ff
o .2621;;15.00? 12 22;??2 78iff94;é fi§§74i;.
| 0.2521 15.00° 12.48 2. .52 8B.7 1.948
042594 *15.ooff12 47;ff2 5353 86'?'-f:§38ff-
| l'vfin;3oioﬁT15.oolg;2‘44f§ 2.56§3f75 Sffl 878?f

~C°va¢%f?ﬁf“?'fsi "

;’T;FRemarks.;;f“r*"‘

,._1: 3. A hard, clear, colorlesa plastic was formed, whlch con-i S

tained a few large bubbles. 52£§;,;5§7.*""

""1}b The reaction tube had to be broken to take the 14 hour 3f* ‘

,’c._ e 8 hour analy31s was ObVIOUSly 1ncorrect.,”
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QPQLYMERIZATION. (21) Glycoldlmethacrylate w1th o 01477 mol'iy o

,fraction of 1-hydroxycyclhexylhydroperoxide-l at 6000 |
| 9 910 8. monomer-;,_. .0991 g. cata,lyst o

f7ng1ﬁé *uSample Ml.Br Ml TS Titre %‘lﬁ Log Aliquot e
- _hours weight - S SRRSO _,~%:ML-: ml.,j-'*“-ﬂ»

‘ff}7i9ﬁi ﬁ?o 1201-'15.00 8 0775:6 93]?371 5 1. 854,o

| Srm“'i"a DR SR
0 ,I0.2299>j15;oof'11;ééo113 5813596 4} 1;984;;'
2. ,"o,1603*215.ooﬁ;i2g61i’f'.39f3792.3fiig§85f"
;g;#‘ﬁo:1;o;1§3éf?15.odfiié}357j§2 65Qf;84.7;71}§é8,f
6 11E;o:é423} 15.00 11, 80f{:3 20 81.7 1 912
8 ’3of?o'iééifpl5.oo 7.48iﬂf7 52 76. 2;:1 882;"

”ff;éiifflReactanta have formed an insoluble jel.- o
Eo;Remarks: f;ff' _ _
ﬂf}a. Reactants were syrupy after 4 hours. ;fﬂf

f_fb The product was clear and colorless.,f}

5ffc. After 24 ‘hours the polymer was. hard and brlttle.' EOUE

had shrunk con31derably..~’i
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POLYMERIZATION: (22) Allylbutyrate with 0.01477 mol fraction

of ditertiarybutyldiperphthalate at 60°C,
12,809 g. monomer 0.4655 g. catalyst

The reaction occurred so slowly that it was impos-
sible to measure. Induction periods caused by introduction
of minute impurities during samplingAmade the data discontin-
uous and meaningless, Two straight runs were made without
success, A third run was made by sealing portions of the
reactants in 6 mm, glass tubes and then polymerizing them,
However, the data was still discontinuous.

Crystallized catalyst was used in this experiment,
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POLYMERIZATION: (23) Diethyleneglycol bis(allylcarbonate)
with 0,01477 mol fraction of ditertiarybutyldiperphthalate

at 60°C,

» 13,707 g. monomer 0.2327 g« catalyst
Time' Sample M1.,Br M1,TS Titre % M Log Aliquot
hours weight _ %M ml,

grams
0.4462 15,00 10,29 4.71 90.4 1.956 1
8 - 0.3726 15.00 11.15 3.85 88.5 1,947 1
24 0.2471 15,00 12,48 2.52 87,3 1.941 1
32 0.3586 15,00 11.43 3.57 85.3 1.931 1
48 0.3179 15,00 11,88 3.12 84,1 1,925 1
56 0.2597 15.00 12,50 2,50 82.6 1.917 1
72 0,2021 15,00 5.59 “9.41 79,8 1,902 5
80 0.1355 15,00 ~ 8,73 6.27 78,0 1.892 5
96 0.1584 15.00 7.91 7.09 76.7 1.885 5
104 0.1214 15.00 9.57 5.43 76.6 1,884 5

Remarks:

a. The reactants became syrupy after about 56 hours,

b. An insoluble Jel formed before the 120 hour sample was
taken, . , .

c. A clear, colorless jel was fofmed ﬁhieh contained no
bubbles,

d. Crystallized catalyst was used in this experiment.
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POLYMERIZATION: (24) Triallylcitrate with 0.01477 mol frac-
tion of ditertiarybutyldiperphthalate at 60°C,

15.615 g, monomer 02327 g« catalyst

Three runs were made, The data was inconsistent,
The reaction rate was so slow that impurities introduced
when sampling created long induction periods,

Crystallized catalyst was used in these experiments
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POLYMERIZATION: (25) Isobutylmethacrylate with 0.01477 mol
fraction of ditertiarybutyldiperphthalate at 6000.'

14,219 g, moﬁomer | 0.4655 8o catalyst
Time Sémple M1,Br M1,TS Titre %.Ml Log Aliquot
~ hours weight o %M ml,
: grams o
0 0.2621 15,00 12,14 2,86  96.8 1.986
2 0.2722 15.00 12,02 2,98 97.2 1;988 |
4 0.2868 15,00 11.85 3.15. 97.5 1.989
6 0.2202 15.00 12.59 2.41  97.0 1.987
'8 0.2118 15.00 12.68 2.32  97.3 1.988

1
1l
1l
1l
1
10 0.2189 15,00 12.66 2,34 95,1 1,978 1
12 0,1636 15,00 6.43 8,57 92,9 1.968 5
22 0.1251 15,00 9.63 -~ 5.37 76.2 1.882 5
24  10.1432‘,15.00 9,16 5.84 72.3 1.859 5
26 0.1400 15,00 9.54 ' 5.46 69,3 1.841 5
Remarkss :
a. About a 9 hour induction period was found.
-‘ub. The catalyst is a was like substance whlch dissolved veryl ’
readlly in the monomer. It left a dirty grey precipitate,v‘ |
in the reaction tube after dlssolnng. | B
c. The reaction tube had to be broken 1n order to ta.ke the

26 hou_rﬂ,‘»,._sa.mp;l.e.y IR
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PQLYMERIZATION: (25-a) Isobutylmethacrylate w1th O. 01477 mol
fractlon of ditertlarybutyldlperphthalate at 60°c.,

14,219 g. monomer .4655 g catalyst
Time Sample Ml.Br Ml.TS Titre % M Log Aliquot™
hours . weight = o %M ml.»
2 grams I o .
0 0.3492 15400 11.21 _3;79 96,4 1.98 1
2 043731 15.00 11.13 3.87 92.0 1.964 1
4 *_”'0.3665 »15;00 1i.44 :“3.56 ”‘86;3 1,936 1
6 0.2185' 15.00' 12,99 ~'.2.01‘ 81,7 '1.912‘ 1
8 0.2810 15,00 '12.5d° 2,50 78.9 1.897 1
10 0.1944. 15,00 6,68 8,32 76,0 1,881 5
12 0.2242 15,00 5.98 9.02 71.3 1.853 5
24"*[ Hard;'elear;’eolorlessréiastic_ | '
Remarks.}ﬁh RS ]fl . »"_;e:‘fﬁ R

f_ ae. ThlB run was made with catalyst which had been crystallized

a" from methanol.," A | " '

b. The inductlon perlod was elimlnated and a sllghtly faster o
reactlon rate was observed.= | | ' | o

ﬁ.c. The pyrldine-polymer solutlon was colorless.
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- POLYMERIZATION: (26) Glycoldimethacrylate with 0,01477 mol

fractlon of ditertiarybutyldlperphthalate at 6o°c.

19.821
Time Sample
‘hours weight
grams
0.2975
0.2551
0.3351
. 0.2111

10,3029

0.1820
© 0.1069

0 N\ A~ W NP KH OO

»Remarks:

0.2985

o. 1051’

g. monomer

M1,Br M1.TS

15.00
15,00
15,00

15,00
15,00
15,00

20,00

115,00

15,00

11,13

10,13
12,08
11,00

11,18
8.63

8451
8497

0.4655 g, catalyst

Titre

4457
3.87

4,87
2.92

4,00

3.82
11,37

6.49
6.03

% M

95.1
93.8
89.7
85.5

8147
7902:

773

7542

711

%M

1,978

.1;972:

1.953
1.932
1.912
1.899
1,888
1.876
1,852

a. The reactants became syrupy after 3 hours.A

SRS BN S S o S S R o

rLog "Aliquot

ml,

be. The reaction tube had to be broken to take the 8 hour

. sample. ,“":-‘_,‘

c.'Theﬂpolyméixﬁhé<ciéaf3aﬁd'éolorless.

d. Recrystallizedtcatalyst was used in thisvexperiment.

PR
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POLYMERIZATION: (27) Allylbutyrate with 0.01477 mol fraction

of diazoaminobenzene at 60°C.

12,809 g. monomer 0.2958 g. catalyst
Time Sample Ml1,Br M1,TS Titre % M Log Aliquot
hours weight % M ml,
grams
0 0.2489 15.00 11.95 3.05 98.0 1.991 1
2 0.2033 15.00 12,57 2.43 95.9 1.982 1
4 0.3184 15,00 11.32 3.68 92.3 1,965 1
6 0.1221 15,00 8.13 6.87 90.0 1.954 5
8 0.1153 15,00 8.58 '6.42 88.9 1.949 5
10 0.1471 15,00 7.06 7.94 86.3 1.936 §
12 0.1197 15,00 8.61 6.39 85.5 1.932 5

Remarks:s

a. The reactants were a clear light tan colored liquid.
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POLYMERIZATION: (28) Diethyleneglycol bis(allylcarbonate)

with 0,01477 mol fraction of diazoaminobenzene at 60°C,

Time

13.707 g. monomer

hours weight

grams

0 0.2979
2 0.2414
4 0.2817
6 0.1506
8 0.1384
10 0.1673
12 0.2203
14 0.1114
16 0.1788
Remarks:

15.00
15,00
15.00
15.00
15400
15.00

15.00
15.00
15.00

11.84
12.81
12,29
7.88
8477
8.87

6.18
10,61
8.31

0.1479 g catalyst.
Sample Ml ,Br M1,.TSZ2 Titre

3.16
2.19
2.71
712
6.23
6.13

8.82

4.39
6.69

% M

90.8
77.8
82.4
81.1
77.1
7340

68.5
67.6
64.1

Log Aliquot

% M

1.958
1.891
1.916
1.909
1.887
1.863

1.836
1.830
1.807

ml,

AV AU U U i S o

|m

a. This experiment consists of two runs, each made with the

same amount of reactants.

The second run was set up in

the evening when it was seen that the first was not going

to s0lidify within 10 hours.

b. The clear, light tan colored reaction mixture became

syrupy after about 10 hours and formed an insoluble jel

. just after 16 hours.
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POLYMERIZATION: (29) Triallylcitrate with 0.01477 mol frac-

tion of diazoaminobenzene at 60°C,

15.615 g. monomer

0.1479 g. catalyst

Time Sample Ml.,Br M1,TS Titre

hours weight

grams
0 0.2256 15,00 11.69 3,31
2 0.3234 15.00 10.33 4.67
4 0.3090 15,00 10,68 4,32
6 0.3018 15,00 10.84 4.16
8 0.1136 15.00 7,57 7.43
20 0.1249 15.00 7.68 7.32
22 0.1384 15,00 7.22 7.78
24 Jel insoluble in pyridine.
Remarks:

% M

95.7

94.0
90.8
89.7
85.5
76.2
73.1

Log Aliquot
% M

1.981
1.973
1.958
1.953
1.932
1.882
1.864

ml,

A B B S Y

a. The reactants formed a clear, light tan colored solution.

b. The reaction was started at noon, allowed to continue dur-

ing the night and was completed the following morning.
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POLYMERIZATION: (30) Isobutylmethacrylate with 0.01477 mol

fraction of diazoaminobenzene at 60°C.

Time
hours weight
grams
0 0.2564
2 0.2253
4 0.1526
6 - 0.,2075
8 0.1239
12 0.1463
14 0.1142
19
Remarks:

14,219 g. monomer

0.1079 15,00

15.00
15,00
15.00

15,00

15.00
15.00

15.00

Sample M1,Br M1,TS

12,17
12,64
13.51
5.12
9.54
9.22
10.58

11.53

0.2958 g. catalyst

Titre

2.83
2.36
1.49
9.88
5.46
5.78

4.42 .

3.47

% M

98.0
93.1
86.7
84,5
78.2

©70.2
. 68,6

57;2

Log Aliquot
ml,

o

1.991
1.969
1.938
1.927

1.893

1.846

1.836

1.757

N R Y S N

126,

a..The reaction solution was a clear, light-tan liquid which

b.

,d.

=

formed a light tan colored polymer,

The reactants had not solidified after 14 hours. Another

run was started the next evening and stopped after 19 -

hours, the solidification point.

The reactants were syrupy after 12 hours,

Some chain transfer had occurred.

Some gas bubbles were caught in the polymer,
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POLYMERIZATION: (31) Glycoldimethacrylate with 0,01477 mol

fraction of diazoaminobenzene at 60°C,

19.821 g. monamer

0.2958 g« catalyst

Time Sample M1.,Br M1.TS Titre

hours weight

grams

0 0.2605 15,00 11.04 3,96
2 0.2304 15,00 11.69 3.31
4 0.2529 15,00 11,66 3.34
6 0.1301 15.00 7.32 7.68
8 0.1589 15.00 6.59 8.41
10 0.1873 15,00 5.26 9,74
11 0.1363 15,00 8,27 6.73
12 Jel insolﬁble in pyridine,
Remarks:

% M

94.2
88.9
81.8
73.1
65.6
64.3
61.1

Log Aliquot

% M

1.974
1.949
1.913
1.864
1.817
1.808
1.786

ml,

AL U B S SR O L o

a. The reactants fo:med a clear light tan colored liquid.

b. The reactants became syrupy after 6 hours.

c. The low unsaturation at the jel point indicates a chain

transfer reaction.

d. The jel was a clear tan color and contained a few small

bubbles,
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POLYMERIZATION: (32) Allylbutyrate with 0.0147 mol fraction

of benzoylperoxide and 0.0049 mol fraction of diazoamino-~

benzene at 60°C,

12,809 g. monomer

Time Sample
“hours weight

grams
0 0.3827
2 0.2795
4 0.1471
6 0.1850
8 0.1876
10 0.1444
22 0.1158
24 0.1132
Remarks:

M .Br

15,00

15,00
15,00
15,00
15,00
15,00
15.00
15.00

0.3631 g. catalyst

M.L.TS

10,33
11.64
13.26
4,53
4,69

7.15

9.55
9.91

Titre

4,67
3.36
1.74
10,47
10.31
7.85
5.45
5.09

% M

97.5
96.2
94.6
90.6
87.9
86.9
753
72.0

0.0986 g. promoter

Log Aliquot
ml,

% M

1.989
1,983

1.976

1.957
1.944
1.939
1.877
1.857

A AT AT S S M U L o

a. The light tan color of the clear reaction liquor darkened

somewhat after 24 hours.

b. The reactants were slightly more viscous after 24 hours.
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POLYMERIZATION: (33) Diethyleneglycol bis(allylcarbonate)

with 0.0147 mol fraction of benzoylperoxide and 0.0049 mol

fraction of diazoaminobenzene at 60°C.

13.707 g. monomer

Time Sample
hours weight
grams

0.2054
0.2601
0.2853
0.1655
0.1352

10 0.1021

® oo d P O

12 Jel was

Remarks:

M ,Br

15,00
15,00
15.00
15.00
15.00
15.00

insoluble in pyridine.

0.1815 g. catalyst

M.TS Titre

12,82
12.33
12,24
729
9.03
10.61

2,18
2.67
2,76
7.71
5.97
4,39

% M

90.8
87.9
82.8
79.8
75.5
73.8

0.0493 g. promoter
Log Aliquot
%M ml.,

1.958
13944
1.918
1.902
1.878
1,868

A AN A S S | U e o

a. The reactants formed a clear light yellow solution which

darkened to a bright reddish-brown after polymerizatioh.

b. Many large bubbles were dispersed in the polymer.
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POLYMERIZATION:(34) Triallylcitrate with 0.0147 mol fraction
of benzoylperoxide and 0.0049 mol fraction of diazoamino-
benzene at 60°C, | ,

15.615 g. monomer 0.1815 g. catalyst 0.0493 g. promoter
Time Sample M1,Br M1.TS Titre % M Log Aliquot

hours weight . % M ml,
v grams
0 0.2702 15.00 10.98 4,02 96.6 1.985 1
2 0.1628 15,00 12,63 2.37 94.6 1,976 1
4 0.1254 15,00 6.26 8.74 90.6 1.957 5
6 0.1833 15,00 12,47 2.53 89,5 1.952 1
8 0.1781 15,00 12,66 2.34 85.5 1,932 1
10 0.1982 15,00 12.45 2,55 83.6 1.922 1
12 0.1987 15,00 12,47 2,53 82.8 1,918 1
14 ° 0.1625 15.00 13.00 2,00 80.0 1,903 1
24 Firm jel, insoluble in pyridine, has many bubbles,
Remarks:

a, The monomer solution was a clear yellowish-brown liquid.
b. The reactants were almost solid after 14 hours. It was
felt that they were probably a solid jel after about 15-

16 hours.
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POLYMERIZATION: (35) Isobutylmethacrylate with 0.0147 mol frac-

tion of benzoylperoxide and 0.0049 mol fraction of diazoamino-

benzene at 60°C,

14.219 g. monomer 0.3631 g. catalyst 0.0986 g. promoter

Time Sample M1.Br M1.TS Titre %M Log Aliquot

hours weight % M ml,
grams
0 0.2872 15.00 11.85 3.15 97.3 1,988 1
0.25 0.2550 15.00 12,42 2,58 89,7 1.953 . 1
0.50 0.1835 15.00 6.07 8.93 86.3 1,936 5§
0.75 0.2234 15,00 4,70 10,30 81.8 1.913 5
1.00 0.1730 15.00 7.64 7.36 75.5 1,878 5
1.25 0,1084 15,00 10.68 4.32 70.6 1.849 5
1.50 0.1236 15,00 10.28 4,72 67.8 1,831 5§
Remarks: .
a. The sample tube had to be broken to take the last sample

b.

because the reactants had solidified.

The reactant solution was a clear light tan liquid; however,
it turned to a deep reddish brown after the reactants ha@
solidified. '

The bubblesin the polymer were probably due to free nitrogen.

This appeared to be almost a zero order reaction,
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- POLYMERIZATION: (36) Glycoldimethacrylate with 0.0147 mol
fraétion of benzoylpéfoxide éﬁd 0.0049 mol fraction of diazo-
aminobenzene at 60°C,

19.821 g. monomer 0.3631 g. catalyst 0.0986 g. promoter

Time Sample M1.,Br M1.TS Titre % M Log Aliquot

minutes weight % M ml,
g rams
0 0.2885 15,00 10.53 4.47 95,8 1,981 1
10 0.1840 15,00 12,27 2.73 91.7 1.962 1
20 0.1624 15,00 12,81 2,19 83.7 1,923 1
30 0.2508 15.00 11.80 3.20 79,0 1.898 1
40 0.1235 15.00 7.33 7.67 76.9 1.886 5
50 0.1186 15.00 8.16 6.84 71,5 1.854 5§

60 Pliable jel, insoluble in pyridine.
240  Hard brittle reddish-brown colored plastic contain-
- ing bubbles,
Remarks:
ae. The reactants were mixed in the cold and portions sealed
individually in 6 mm. glass tubes. The tubes were put in
the bath together and withdrawn at definite intervals for

analysis.
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POLYMERIZATION: (37) Allylbutyrate with 0.01477 mol fraction

of benzylhyponitrite at 60°C.

o o b p O

12,809 g, monomer 0.3634_g. catalyst
Time Sample M1,Br M1.TS Titre '.% M Log Aliquot
hours weight % M ml,
grams
0.2519 15,00 11.93 3.07 97.6 1,989 1
0.1869 15,00 12.78 2.22 95.2 1,979 1
0.1605 15,00 5.90 9,10 90.7 1.958 5§
0.1754 15,00 5.57 9.43 85.9 1.934¢ 5
0.1343 15,00 7.91 7.09 84.4 1,926 §
10 0.,1628 15,00 6.86 8.14 79.9 1.902 5
12 0.1760 15.00 6.44 8.,56 77.8 1,801 5§

Remarks:
a. The reactants formed a clear colorless liquid.

b. They were slightly more viscous after 12 hours.
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POLYMERIZATION: (38) Diethyleneglycol bis(allylcarbonate)

with 0.01477 mol fraction of benzylhyponitrite at 60°C.

13.707 g. monamer
M1,.Br M1.TS Titre

Time Sample
hours weight
grans

0.1971
0.2583
0.2038
0.1621
0.1463
0.1285
0.1174

0.1243

e L B NN R T ) o @ ]

Remarks:

15,00
15.00
15,00
15,00
15.00
15,00
15.00
15,00

Jel insoluble

12.91
12.37
12,97
7.28
8.43
9.28
10.05
10.02

0.1817 g. catalyst

2,09
2.63
2,03

7.72

6.57
572
4,95
4.98

. a. A clear, colorless jel formed.

% M

90.8
87.1
85.4
81.5
77.0
76.2
72.2
68.6

in pyridine, contains

Log Aliquot

% M

1.958
1.940
1.932
1.911
1.887
1,882
1,859
1.836

ml,

AU S LT U el e

5

many bubbles.
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POLYMERIZATION: (39) Triallylcitrate with 0.01477 mol frac-

tion of benzylhyponitrite.at 60°C.

M.Br M1,TS Titre %M

15,00
15.00
15,00
15,00
15.00
15.00

15.615 g. monomer

10,62
11.93
4,84
6.53
6.32
8.02

0.1817 g. catalyst

4,38
3.07
10.16
8.47
8.68
6.98

% M

96.4
93.5
88.2
85.6
82.7
77.3

1,984
1.971
1,946
1.932
1.917
1.888

Log Aliquot

ml,

A AR L SR S U A

5

Jel insoluble in pyridine, clear colorless, many

Time Sample
hours weight

grams
0 0.2954
2 0.2137
4 0.1501
6 0.1288
8 0.1361
10 0.1174
12

bubbles.
Remarks s

a. Reactants were syrupy after about 6 hours.
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POLYMERIZATION: (40) Isobutylmethacrylate with 0.01477 mol

fraction of benzylhyponitrite at 60°C.

14,219 g. monomer 0.3634 g. catalyst
Time Sample M1,Br ML.TS Titre % M Log Aliquot
minutes weight % X ml,
grams .
0 0.2092 15,00 12,70 2,30 97.6 1.989
10 0.1719 15,00 13.22 1,78 92,1 1.964

20 0.1796 15,00 6.55 8.45 83,7 1.923
30 0.1549 15,00 8.28 6.72 77.0 1.887
40 0.,1684 15,00 7.92 7.08 74.7 1.873
50 . 0.1124 15,00 10.%0 4,30 67,9 1.832
60 0.1253 15,00 10,68 4,32 61,2 1,787 5

G T IR T S

240 4 clear, colorless plastic with large bubbles.
Sticks tenaciously to glass test tube, slightly rubbery.
Remarks:
a. The catalyst was dissolved in the monomer ahd the solution
sealed in 6 mm, glass tubes in the cold. It was then trans-
ferred to the constant temperature bath for polymerization.

b. The reactants formed a tough plastic after about 45 minutes.
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POLYMERIZATION: (41) Glycoldimethacrylate with 0.01477 mol

fraction of benzylhyponitrite at 60°C,

19.821 g. monomer 0.3634 g. catalyst
Time Sample M1.Br M1.TS Titre % M Log Aliquot
minutes weight % M ml,
grams

0 0.2887 15,00 10.47 4,53 97.1 1,987 1
5 0.2412 15,00 11.43 3.57 91.7 1,962 1
10 041596 15,00 12,79 2,21 85.6 1.933 1
15 0.1276 15,00 6.57 8.43 81.8 1,913 5
20 0.1523 15.00 4,55 10.45 84,8 1,928 5
25 0.1824 15.00 4.12 10.88 73.9 1.869 5
30 0.1432 15,00 6.65 8.35 72.2 1.858 5§

35 Jel insoluble in pyridine,

240 Hard, clear polymer, contains bubbles.

Remarks: .

a. The reactants were mixed and sealed in émm, glass tubes
for polymerization,

b. Polymerization was stopped for sampling by putting the

reaction tube in an ice bath.
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POLYMERIZATION: (42) Benzenediazoniumfluoroborate

An attempt was made to evaluate the catalytic ac-
tivity of benzenediazoniumfluoroborate as a polymerization
catalyst for the five monomers chosen; however, it was found
to be insoluble in all of them from 0° to 60°C,

No further experiments wére conducted with diazo-

nium fluoroborates.

POLYMERIZATION: (43) Redox system

Monomer - benzoylperoxide - bisulfite addition product

An attempt was made to dissolve 0.,0049 mol fraction
of each of the bisulfite salts in each of the five monomers;
howeyer, they would not dissolve, even at 60°C,

These salts were abandoned.
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POLYMERIZATION: (44) Co-polymerization of 0.4926 mol fraction
of allylbutyrate with 0.4926 mol fraction of citraconic anhy-
dride catalyzed by 0.01477 mol fraction of benzoylperoxide at
60°c.,

The monomers were freshly distilled at 1.5 cm. Hg
pressure, mixed and the peroxide added. The solution was
placed in the bath at 60°C, for one week. No change in the
unsaturation of the mixture occurred.

This experiment was repeated, being very careful to
use clean apparatus and keeping a nitrogen atmosphere over
the reactants; however, no polymerization occurred.

It was felt that polymerization would have occurred,
if possible, under these conditions. The reaction was aban-

doned,
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ULTRASONIC POLYMERIZATION

The piezo-electric generator circuit used in these
experiments was developed by the Physics Department and is
described in the Appendix. It had a frequency of 500 ke¢
and an effective power output of about 50 watts.

The apparatus used is pictured in the accompanying
photog;aphs. The sample flask was suspended over the oscil-
lating crystal in the oil bath by the sample tube., This tube
was clamped to a tilting ring stand. The o0il bath serves two
purposes: it helps to remove heat generated by the sound
waves and it transmits the sound waves to the sample flask
very efficiently, The bestvenergy transmission can be real-
ized by raising or lowering the sample flask slowly until
maximum agitation of the sample is observed. At this point
the distance is an exact multiple of the wave length and the
sound waves reenforce each-éthér. Thesé standing waves can
be seen in the oil bath between the crystal and the flask.

An ordinary mercury thermometer cannot be used in the sample
flask because the soundfwaves heat the mercu;yvraising the
temperature.readings 30° to 40°C.

The heat generated by the unit was found to be about
800 cal./min., or 48,000 cal./nr. This requires the use of
‘about two pounds of ice per hour to maintain a constant tem-
rerature, This is roughly the same amount of heat which would

by given off by a 60 watt electric light. If we assume that
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4 of this energy is dissipated in the sample flask, a 50 ml,
éyrex erlenmeyer, then it can be calculated that the sample
will be about 6°C, warmer than the oil bath, due to the ther-
mal resistance of the glass flask. This was ve}ified by ex-
periment, A thermometer was placed in the oil bath, not in
the path of the ultrasonic waves, and its readings used to

estimate the temperature in the sample flask,

Experiment #1

- | ?ﬁeéhly distilled isobutylmethacrylate was subjected
to ultrasonic energy @ 12°C, for three hours. The monomer was
agitated so violently that a mist could be seen in the flask at
times. No physical change of the monomer was noticed. Samples

analyzed every hour showed no change in unsaturation.

Experiment ﬁz

Isobutylmethacry}ate and 0,015 mol fraction of benzoyl
peroxide were‘subjected to ﬁltrasonic eﬁergy @,25°C. for three
hours, No change in physical properties was noticed. Samples
analyzed evefy’hour showed no'change in unsaturation or perox-
ide content, It is known that solid.bgnZoyl peroxide is de-
composed by thermal shock and thaﬁ dissoived peroxide is fairly
stable, It was hoped that the dissolved peroxide would not be
stable toward ultrasbnic agitation, and that polymerization
could be induced thereby. This situation, however, was not

realized,
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Experlment £3

Dlethyleneglycol bls(allylcarbonate) was subjected

to ultrasonic energy @ 2500. for three hours with no physical
changes and no change in unsaturation found. All attempts to

induce polymerization by ultrasonic,gnergy were negative.,

Polylsobutylmethacrylate, Prepared by polymerizing
freshly distilled monomer with 0.015 mol fraction of benzoyl-
peroxide at 60°C, for 22 hours, was subjected to ultrasonic
energy @ 18%. for four hours, No visible effects or physical

changes were noted.

E;periment ﬁi

Polydlethyleneglycol bls(allylcarbonate), polymerized
as the methacrylate, and subjected to the same ultrasonic treat-
ment was fractured in several spots, but no depolymerization
effects were noted.

The photograph which is enlarged shows these two
polymers in 50 ml, erlenmeyer flasks after ultrasonic treat-
ment. The. orlglnal polymethacrylate sample was a hard, water
white solld with a foamy upper strata. This strata was formed
by poor heat transfer and rapid polymerization. The monomer
became so hot that it began to boil and rapid polymerization
entrapped the vapor, forming a hard spongy mass, This oc-

curred before ultrasonic treatment and was in no way affected
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thereby.

The polyallyl ester was a very heavy jel which was
water white in color and contained no bubbles or cracks be=-
fore ultrasonic treatment. A clear solid plastic was formed
in this case because polymerization occurred at a much slower
rate and the heat was dissipated as it developed. Many cracks
were formed in the polymer by the ultrasonic treatment., They
started forming at the bottom of the beaker and gradually
worked their.waj to the surface. No change in viscosity of

the jel and no partially liquefied areas were formed.
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Experiment #6

A 0,0840 g. sample of polyisobutylmethacrylate, prepared by
polymerization of freshly distilled monomer @ 60°C., for 20
hours with 0.015 mol fraction of benzoylperoxide was made up
to 45 ml, volume with pyridine @ 25°C. The density of the
pyridine was found to be 0.982 @ 25°C, A 5 ml., sample of the

pyridine solution wés taken for analysis,

ULTRASONIC GENERATOR

Time 0il Bath Meter 1 Meter 2 Remarks

hours Temp. C° M.A. M.A.

1:40 19 30 175 Droplets being thrown from
surface of liquid., Started up.

2340 17 32 200 Bubbles formed in polymer
solution by cavitation.

3340 = 18 31 190 Same,

4:40 20 32 200 Same., Shut down,

Experiment #7 = Wt. polyisobutylmethacrylate 0.0926 %.
e pyridine 45 ml, Procedure same as #6.

10:30 22 30 175 Started run.

11:30 20 30 175 Bubbles due to cavitation,
12:30 21 30 175 Same,

1:30 28 30 175 Shut down.

The viscosity was determined with an Ostwald viscosimeter which
gave readings of 79.7 seconds for distilled water @ 25°C, and 80.9
seconds for pyridine @ 2500. The density was determined @ 2500.
using a Westphal balance. Unsaturation analyses were run using
a 5 ml, aliquot of the sample solution according to the general

analytical method., (See analytical section.)
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% M = Titre X 3.1992

VISCOSITY®25°C¢cC, UNSATURATTION

Density Time Viscosity
Sec. Centipoise M .Br Mm.TS Titre % M

0.982 86.69 1.19% 10.00 8.83 1.17 44.6
0.982 83.2 1,149 10,00 8.84 1.16 44,2
0.982 83.1 1.147 10.00 8.82 1.18 45,0
0.982 83.1 1.147 10.00 8.83 1.17 44,6

Experiment #2 - contd,

0,982 86.89 1.198 10.00 8.99 1,01 34.9
10,982 83 .48 1.152 10.00 8.96 1,04 35.9
0.982 83.17 1.147 10.00 8.97 1.03 35.6

0.982 83.18 1.147 10,00 8.98 1.02 35.2
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X~RAY POLYMERIZATION OF ISOBUTYLMETHACRYLATE
Experiment #1

About 20 ml, of freshly distilled isobutylmeth-
acrylate was placed in a 50 ml.hbééker?and'tightly cdveré&
with cellophane, This beaker was set into a cohstant tem-
perature bath, held at 60°C. * 1°C. and the unit placed
just below the x-ray tube. (See photographs). ‘The sampie‘
was irradiated for three, one-half hour intervals and sambles
were taken after each interval. Analyses of unsaturation

and of refractive index revealed no evidence of polymerizatfion.

Experiment #2

A 20 ml., sample of freshly distilled isobutylmeth-
acrylate ﬁas put into a 50 ml., beaker and sealed with a cel-
lophane cover in a nitrogen atmosphere, The sample was ir-
radiated for 1 1/2 hours @ 60°c. Analyses of unsaturation
and of refractive index revealed no evidence of polymeriza-

tion,
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DISCUSSION OF EXPERIMENTAL RESULTS

It was necessary to find a suitable means of anal-
ysis for unsaturation in the polymer mixtures before the
rate studies could be started. The analytical procedure re-
commended by Bartlett and Altschul was investigated and(3 )
found to be inadequate., It was abbreviated so much in the
journal that some of the necessary information was not
present, The analysis was perfected in our laboratory un-
til we were able to analyze allylbutyrate correctly. How-
ever, it did not give consistent results with any of the
other four monomers,

The monomer-polymer mixture was made soluble in
their method by hydrolyzing it with a caustic soda solution
at 100°C, We found that this hydrolysis step caused fur-
ther polymerization of all the monomers except allylbutyrate.
The accompanying photograph shows the monomer-caustic soda
solution sealed in a test tube. A band of polymerized
material, which formed during the hydrolytic treatment is
seen at about one third the length'of the tube.

The procedure finally settled upon is described
fully in the analytical secfion. The polyester samples were
precipitated in a very finely divided state from a pyridine
solution by dropwise addition to aqueous bromide-bromate
reagent, The bromine released upon acidification added quan-

titatively to the finely dispersed'sample and the excess
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bromine was determined by conventional iodometric analysis.

A general view of the constant temperature bath and
analytical apparatus is shown in the accompanying photograph.
The bath is seen to the right and the pipet stand, titrating

flasks, volumetric flasks and burettes to the left of it on
the bench top. Left to right on the shelf below the bench are
the analytical solutions, the pans with which the titration
flasks were covered to keep them in the dark during bromine
addition and the solvent bottles for cleaning equipment.'

The sources of phe impurities which caused induction
periods and altéred the rate of polymerizafion had to be found
and eliminated before accurate rate studies could be made,

The constant temperature bath was made light tight to prevent
polymerization due to actinic radiation, The polymerizations
were all carried out at 609C, to prevent changes in the rate
due to temperature, These factors, however, had no effect
upon the induction periods.

All the reactants were prepared and used in as pure
a state as possible., It was found that the various monomers
polymerized best if used immediately after they were distilled.
Isobutylmethacrylate had to be distilled at temperatures below
65°<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>