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ABSTRACT OF THESIS
Polyethylene glycol maleate was prepared by heating equal

molar quantities of ethylene glycol and maleic anhydiido atl9®® C
for 5.8 hours and then at 205° C. under & nitro<en atmosphere.
Reduced pressure distillation was used to remove impurities.

The progress of the reaction was followed by neutralization

and saponification equivalents, which were ueed to cslculate

the percent reaction. The nercent reaction after diestillation
was 91.544 and the molecular weight of the polyethylene glycol
maleate was 839. The reaction rate constant at l9d°c. was

,0009 meq/min. and the reaction rate oonstant at 205% C. was
.0012 meq/min. The energy of activation was 12,760. The
~structure was determined to be eo-g-g=g-8-0-§-§-).

The polyethylne glycol maleate was reacted with hydrogen

bromide, hydrogen chloride and chlorine by passing these . ases

through chloroform solutions of the polyester for nine hours

at room temperatures. From halogen deterainations, hydrogen

bromide and hydrogen chloride were found to add 23.5¢ and 95.1%4
roipoctlvely to the carbon-carbon double bonds, and chlorine
added to 844 of the doudble bonds if no substitution took place.
Pure bromine was Aided to a chloroform solution of the polyester
for onpAiook. f}Lno substitution took place, the bromine added
to 24.5% of the double bonds. Liquid ammonia was added to the
polyoltof and heated to 100°C in a pressure bomb. Two products,
maleamide and the sminated polyester, were isolated. Hydra-

gine hydrate was refluxed with a chloroform solution of the

polyester for four hours. The percent nitrogen was 66% of the




asount which would be found from complete addition of the
hydrasine hydrate to the double bond. Nitrocen tetroxide added
to polyethylene ~lycol maleate in a chlorofora solution, and
881 of the nitrosen, which would be present for 100f sddition

to tho double dond was found. 'ultroeyl chloride wse rescted
with polyethylene ilycol but produced only fumaric scid.
“ulfur monochlorile reacted with oolyethylene ~lycnl maleate
in chlorofora when the =mixture was heatedl,

The unsaturation of the polyester and the derivatives
produced was determined by the use of potassium bromide-potass-
fum broxnate sclution in the presence of mercuric sulfate.,

Althouszh this was the only unsaturastion determination that could
be used, it w#s of no value in the unsaturation deteraminations

of the halozenated products and the hydrazine addition product.
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thouzh tne literature contains rany reicrencos for
the addition of slxnnle mclecules to olefins, relctively
little hus beon puilishied on the sddition reactions of une
saiuruted polymers except in the case of additions to nstural
raiere In genersl, double bonds nmight be classified into
two oatogories, the ordinary double honds which sdd X, ﬂz.
i Xy etoe but do not edd mmonie or wmonis derivaiives ard
those dou’le honds with electrone;ative groups satteci.ed to
carcng of the double hond, w.ioh ‘n.dd irl, Xz, etce with
diffioculty but which sdd armoenie more readilye The doutle
bonda of polybutadiene eand neiurel rubtber, as expoctzd, sre
inective toward the additions of annouis ur assonis derivelivese
Howevor, tha doul.le bonds of polyethylone glycol mnleste are
conjugated with osrbonyl gro.ps and mi ht, tirefore, bLe
aciives This thosis deseri:cs tne preoraration of pel:ethylene

grlcol melonte erd en Investigst on of its addiiion reactionse



HISTULICLL

The first known formation of & pelyester wes accredited
to Serzelius) who, as ocarly es 1047, stetod thet polybesie
acids end polyhydric elcohole {or-ed resins wion heated to=
gothere In 1914, tue first UeSe ;mtents tour polyesters wore
obtairad Ly Arsen? and Cellahard and in 1929, polye-i:lone
glcol maloate end polreliiyline . licol furerate, elon; wilh
goeveral oither polrvoagters, wers roduced end invesiiiated Ly
Cerotnors end Arvinet Cerotlhers ststed that tie fumnrate
wes 82 0il end tne meleotis was & go0lid, & fect wist did not
a;ree wit: ths work of Vorlinder® who had produced these
pol;esters Ly the silver sslt methiod ard rsported tne opnocgite
phrsical cheracteristicse Carotiers produced tue naleate by
hoetiny e«n eicass o. mmleic anhydride witn eth;lene gl;vol
at 2009 and o' tained the estor as & powdor w:ich mclted at
58«80 e The moleculer weight wes not deternined die to the
insolubility of the product but it is inteoresting to note that
tie molocular weig .ts of olhcer polyesicrs were siowvn to ery
fros 20L0=200C. Thege wvaluvws ere relatively ewll wion comQ
pared o t.ue moleculor wel ts of Aepulimierse

Tsuzuki® co:pared the jreparations of polyetnylene glvcol
maleate end polreiiylune {lycel fumerate and found that wlile
the esterificaiion procoss in toth ceses wus insignificent below
1500C, reaction could be effected at t.is terporature by using
ZaCl, as & ostelyste At hi hor tunperstures, tliis cotalyst
induced seversl side reaciio:s and it w.s roted tiat t.e firare
ate ester hed & longer ciein lengih end wns proiuced in a
4 bettor yiold timn the muleaics The molecular woi_ :ts were dew
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ternined by neutralizaiior end scponiflcation equivalents end
varied from 45u=ls:0e In a furtisr statcucnt, Ts.ig ki suowod
ovidorice that oaleic ecid end iis estors wure trensgfoimed inlo
the funcrste derivatives wha hes'ed above 23.°C wiich would
jndicate thet polyuvsiors prapured et temperstures s’ .ove 1309C
eirould hevo approximaiely the ssne chsin length snd compositione
The conwversion of meleic acid &nd malelec esters to the

funarate dorivativea hes bLeen fuvestijatled [or ssversl yoarse

Ix 1925, ¥«erwein add Veher’ found thet the econversion could

te accomplished Ly such ree_ cnis as Erz. Hzo, R_0_, etce w:icn

203
theoreticelly siould he ceralle of adding to the doul.le band
elthou_l their meohnnisn for the reaction wes an activation
rather than en ectuml additior end suhgcquent splitiing oute
dorrex8 used 1C1 oontainiry sone deut.o'rixm ciloride to convert
meleic acid to fu-eric scid e.d fowd no doutoriua in the pro=
te indlesting e reecnt with tiie thoory of leorwoi: and icbere
Karanusai? found that oxy_en oatal:;zed tie conversion by scte
ing ve & para:a netic muterial, but nitregen acted s & diae
rmagnetio material end siiowed no cetalysise Siwnurall cone
vorted dieth; ]l maloate to diethyl funerate by tie use of X
whioh emvorsion wes found Lo proceed with or without a solvent
£nd be unsffected by oxigene il helieved timt t..e process ine
volved hydrogen bondin; with & resultin molecular deforaation
a:d locs oif bord rijiditye Forackill cetel; zed tie conrersion
of disth;]l muleate to 610‘.;.‘-'-;"1 imnarate wita vericus a~ineg st
Z.9%C from which he oconcluded tiint tie celaljcis wes @ process
of hydroen baid.n; and coordinetion (La.ing tie effect of 1,4
addition) followed by decomposition to tie fumrate dorivativee

3



The rate detemiuly; slep was postulated s tie followings

R
5 % B U B Reliy # E Q
KelUalolwlaolatib2ik —> (3Cwlelaon
A KR
B

The mectanisa s:owmn would indicate timt the convers:om prebably
does not o to ca:ple.ione Crtalysis by the ilons of iitl, Hiir,
Yalr, KLXS, etce was .believed to Le Liie sae type reaclion as
above with an lonic mechsnisa while the rmechenism of eanver=-
sion by Hy5 &nd SOé wes uninomnel?

Conversion by hoat elone wss first meniioned by Carreld
in 1927 when he converted maleic acid to fumerlio acid b& heat-
ing the former bi:low the eutectic point elthou h vesbinations
of hoat e:d souo of ti:e reagents previously merntioncd have besn
ua;d since thut t1.eel% pPricel® nas indiceted tumt the heet
conversions probably involve an atomioc free radical nechanisne
Since 8ll oi' tlose exeplos of the melelo~fumeric conversion
siow the eease 0. thie reactior, it siould be evident Lhut the
production of a pure polyrmsleate ester by & heuti reaction is
protably impossiblee

Vincer1d® found tnet tie grlation of maleete pslyeasters
took plece turcu h tie doullo bond end was cutslyzed by heat,
12,04 and oxy ene 4All of tle double bonds vire not required
for  ela.ion since he found thet & 10311 mixture of succinete
end nalette esicrs canvurted os [ully as the naleaite estar
atovee Lredley, Kropa, &nd Joimstonl? found thet tie absonce
of oxygen sllowsd the condensantion to proceed furiher -efore
gelation occured, but found some evidence of 8 sunll encunt
of conversion whon tie ecid velues of tne ruleate polyester
eporoached & linmiting value wihile tie visoosgity continued to

4



ncreases (atalytic eonvorsion or polyethylene _(lycol mrluate
can be effected by heauving in un air et.osphore at 1 0°C in the
proscence of & Lenzoll peroxide celalyvst, the product buing &n
Ji:gs0luble infusible svlide Kroepe and Hmdle:sl:"' galled polye
etliylens (licol mulemic by heating it with 1/3 its wei ht of
vinyl acetate, tho geletion being accelermted bty a mercury
- arec end précoodi:'-g witi: or without a berzoyl poroxide caielrste
The process wug bellevod to be einilar to rubber vulecsnlzailone

isledoc acid ard melsic enh;dride heve been used in neny
copol.mors with such monomers as styrone, butadiene, otall?
Their exturnsive use in condensation reactions is due neinly '
to ti:e couvertilility of the resins wiich they torne?l The
anhydride is more freg ently used timn tie &cid due to its
lower cost, but both ihe acid end annydride are pr-duced by
vapor phase oxidations of bengene, tue anhydride being forxe ‘
ed first froa which the scid 1is :mdo by hydrolysiseZl The
anhydride is more efficient at tie start of the condonsation
reaction sltliough the two retes are tie smie sfter tie formte
tion of the hulf esﬁor.m

The addiilon reactions shown by the mnleio acid double
bond arc gulite different t.8n most carbonecerbon double bondse
In 1230, dnusont? reacted Bré with maleic acid end furnario
acid, and found tiat tse sddition to furaric acld wus relallvely
norral while tle Br? did not resot with maleic acid in ths derk
at 1.°C and evon in :he prescnce of 1i ht and st slightly aicher
tomporstiures, the reucilon wus g.iite slowe Ik tue presei.ce of
ddry the reaction was fustere In 193., lucas &ud Press-an2d

sug cated the use of 'crourie sulfete catelyst with a potassiun
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bromide=potessiun bromate golition (as & scurce o %ruovine)for &
quantitative deter-ination of the doudls donds in meleic ecld

end melejo snhydridee Partlett end lagokl®4 modified tie pro=-
cedure snd spplied it to conolymera of walelc arhydride and
raleio acid with enperenit successe In both of the iast two proe
cedures, the ti-e reqg:ired for rcaction with.mﬁleic acid and
mtleleo anh;drido wes rore then four tines tart rece sar; for otaer
unsat.retese Enkvist<® reacted a met anclic solutdon of aasonie
with maleioc acid in & serled tu' e at 1009C and found & a:rll saount
of aapartie aéid. Tue retction proceeded much fester in ithe pre=
scnce of certain metsl salise

The eddition of sinple moleucles to othur olelins proceeds

without oo much difffcultye Uhlrig s:d Lovin20 found thet
cyclohexore, isobutylene, diiscbutylene and various fets &nd

oils would add bronmine quartitatively from & glacizl ecctio

scid solutions Chlorine hes bheen sdded to avrylonitrile ty
passing tne gas tarough & chlorofora solution o! the nitrile &t
10=50°C,27 However, tie eddition of ohlorire to totracilorcetihy=
lene req ired an sxcesa of chlorine et hi_h prosa.res. Jenz€d
added cyanczen to 1,3 butadiene while the l.Ge Farben €0e50 acd=-
ed eyanogen eohlorides tc olefius by the use of heet end sress:ro.
X¥eyo an! Katzdl gdded EC1 to isobutylene and aro sné Savoy32
added 2 Sr to propylenes Tae Iut.h found that the addition of
hydrogen helides or hydrozsn ¢;anida to rn clifin wna ~rantoed

by wave lengths of 1licit of less then 3 :Oueod Yydroren cyenide

34

has “enn edded to sor:lonitrile, vinyl watera,Sﬁ etiylexe,ss

butediene,37 etoe tne lust two sdditians belng cetelized Ly (ugCl e
Or;snic peracids add oxyycr to the douhle donds of sinnle clelins

6



1o for: epoxides,®? wiile hydrocen peroxide Jor.s tic (lrccl with
the dounle bend &t roow torpereuresecd Ford?’ prejerel otiyl
diethyl bhutryrate by adding €3 to prupylence Schulz4l esded
mercaptans &nd hidrogen sulille tc do le bands using; the latier
procedure as a soeticd of presraiion of creeptinge  frnow snd
Fre;42 reacted S0, with olefins et hish taipsruturea to produce
hizh moleculsr wol it sulionsse Turnce and Connor4d edded

aryl sulfenyl chilorides to unsatureted compounds waile Peterson
and Detlin;%4 madded turtiery halides under th2 influeice of
sntinany or aluminum ciiloridose Iodofom.45 chloroior ad
esrvontaetreciloride?® have boen added to olefins under t-.e
influence of p.roxidese lamblot exd HeAlery®” found it tie
eddition of foreldeiyde to butylene produced 1,3 butylens
lyoole The eddition products of }52’.'!3 end 14.20‘s ere L8 mcst
widely used of the nitrogen eddiilon compounds sin.e ithey ere
Qaed for unsaturation detor.inal’onse bandd” annlied the addi-
tion of 3‘«?21'32 to styrene snd found %..at t.e gravieiric deiere
minatlon of styrene as tio nitrosite ;c'e rus 1lts clozc ta

100% of tiie thooreticale. The use of H203 in this renner wns
a,.plied to oiler olef:ins by Scefe end fordd® wita ;00d BUCCOLBe
¥ost of the wor or the mddition of K0, to dauble bonds hes buen
done by Lovy end soe17e% w o added NMa04 to eihylene and propye-
le.oe Y.ith other oleiins, dinitrogaraff'ins, uitroelcohols an:d
nitro &lk 1l nitrates were produced in good yieldse Zeckhenth
edded ¥oCl to t.e bonds o!f ethylere ernd prop;lene in tue
prescnve of HiCly, Felly,, or Cuy Cl, at =227C wille Coleen

and #5w1192 sdded ¥C1lz Lo l=aniZe-butcries in tihe pres-ice of

en ecid gilfite %o “roduce tn & ino chloridee The r2dition :f

7



amwonia to olefins hes teen of intorst in the last few yeurse
Ford®d added & monia to ecrylon.trile at &0=i4°C end prouced

elenines Soverel patontg were outeined by Je die Tetort® for
t.e armonol:s 8 0: oleiins su.h &5 proprlene, 'ledodecern:, etae
in ti.e preserce ol ki, Lo, or guull ercunis of 'water. In ench
case an excess ¢t anmonia wes used at te pereturos r8 hi_h es
8U0OF and pressures ren in, froa t00=600 ;/ 8qe ire

Very little hes Leen dene on t.e eddition of s #«ll molecules

to polymerse Lowaver, it wus tound t.et rabLer would roect with
molecules contsining tre = C ® C « ¢ ® O linke,; 08,50 the re=
sction takin; place et 13 CC in the stsuvnce or ox pene It §s
also wull known tist vetursl ruiber will add X,, X, §, and 3,
Clz to form rulber helides, ru:ber hydrohalides and wulcarized
rubber respectivelys Kumscheidt end %ie®C subjected & butediene
polymer to mild oxidution snd truated tue solution with §0ge
The viscosity increesed hut no indicaiion was given of the tyve
of repotion Lrkin: plsces Ceveral types of inorganic acids erd

anhydrides showed L6 sase eficcte



EXPCRIG-ITAL

. &
preparation of Polvetiulene flycol ialeates®”

Four moles of meleio enhydride ad four moles of ethylene
&lycol were mixed in @ liter tliree-necked rlash equipped with e
motor stirrer, themcnetcr, ;88 inlct tuhe and a condenser sot
for dounward distillatlione

The meleic earnhydride wes purified by vacuunn distilletion,

a froction distilling et LL9C under 16 mae preassure yms collcote
ed und used whils the ethylere  lycol used hed & refractive index
of 1e4004 et 21.49Ce The s:stom wns kopt uncder nitro _cn to pros
vent decomposition end con-ersion by the oxy.:n of the Gire

“he pitrojen was pessed throush & 104 solution of elkwline
pyrocallol &nd a tulbe of concuntrated sulfuric acid to rurove
oxysen &nd wetores The rsaotion teiiperniure wes meinteined

et 170°C for 58 hours &t the end of which ;eriod, Lie terperae
ture was raised to 20(9C for 3.5 hourse

The pro ress ol ihe recction wes followed Ly neutrelizetion
and seponification equivelentse The saponificetion equiwul:nts
were deteruined by heating the polymer with &n excess of squeous
polagsiun hydroxide followed by back titrations with standard
hydrochlorie acid witile the neutralization equivalonis were
deter ined by direot titretions with methanolic potussium bydroe
xides In both caaos & phonclphiihelein indication wes usede
The differeroce botween t..e noutrelization oq fvelcnts end the
saronificetion cquivalenis was eqial to the num .er of reacted
carboxyl .rours, walch whon divided Ly the seponificuiion equivae

lort gave the rercert reactione



The following res:lis were obtelinods

T4 e (:inutes) Te-pereture (De rees Ceo) ;- Roncticn
(o) ¢00 49
30 1300 t4e8
S0 1700 T3e4
1c$ 1300 767
240 1900 €2.1
315 150 £3.1
3.0 1900 £Z.4
¢ 2050 8569
4.5 205¢ E8e6
5¢H 2u59 £8e8

The graph of ti e vse porcent reaction is erown in fi ure [le

The peroert reaction at rero ti-e (4/5) wus not deter-ired
during the reaction, but it wues mssumed tist the half ester wrs
formed immedistely when tne mmleic anhydride melted and a
honogeneous sclution vas i‘or‘zed.aa 7o prove this, 497 moles

of ethylene ;lycol wers added to «437 molos of meleic enhydride
in #497 moles of scetone 6t 20°C end then titreted with squeous
potassiun hydroxide ar:d with & solution of polessium=hydroxide in
1soprophl alcohol ss goon &5 possilles The followin rus:lts

were outa lneds

Kinutes After 7 ing % Fesotlon
3 49,15
& 48408

The resotion product wea purified ty distilling oif all voletile
netter at 1309C under 2C=30 mne pressure and wien cocled, it was
an oatreqely viscous resin with s sli_iit straw colore Alter
purification, iie earhoxyl proups sere found to he 21.04,. ree
acted indiceting an aversn; e pol;mer lengtha of e&pprosimetely 12
units end @ moleculsr wed ht of U3%e59 The corrosition of the
polyethylone ;lycol meleaie was 1‘olm<§ Lo Lo carbon « (0eGéiy

end hydro_en = 4420, The tieoretical porcentaces for Lhe esicr

10
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G H i1 0 g
" I \ il

bon = 0Ge70,. and hyiro_en £eZuie

2 are Care=
- Q—

witu & siractual unit of

-
[ T

Using L.e noutralizetion eq:ivaleris as tie concertration
of aci?, tie remction rete consterts (1) for tie esterification
resction et 150%Ce und 20L0Ce weres deter-inede Thie reciprocels
of tie noulralization equivmlents ware plotted & ainst t.» tie
of remction in cinutes e&nd velue oi k wes found fros toe slope
of the _raphe A3 8 check con ihys greshiesl petihod, the wvalucs
of k were caliulsted from the equation _} S kt & C wiere a is
tie initial mount of acid, x is tie sci:.l‘-:eseting, in time ¢t end
¢ is a coustent deter-ined by setting x eand t eq.al to reroe
The wtlues of k {ur t-o two tenper:turcs were tie: i8nd in ihe
equation log k2 o E (T2 - T1)

kl  2eoG3 v 12 T1
action rate conatanis, Tl end 2‘2 are tho abtsonlute temperatures,

(wucre k; end k, are tic re-

sand ¥ is the ;68 constent (le9.7) to deterzine the erer y cf
activation, Ee« The dmia used end the rusulis of these dee

terminations are as follows:

Tive Concentration Heciproecel Caloulsted Velue oi k
‘Xgaoz of Acid =eqefiie Conoentration Velne e k' from Oranh
) €49 223
&0 Je61 e 277 «000%0 #GU09
1356 262 351 00097
210 2edd «4l3 #LLCOLE
2.5 231 0433 o (0074
350 2428 o432 «ULOLS

Reaction rete oonetanis et 205%Ce

el ; 1,97 «5038 +0012 «0C12
135 1.02 eG17 #1'013
225 leti5 o606 « G007

The walue of the enersy of sctivation wes found to be 12,7¢0

cals/ mole.

12



Addition of iivdro.en ironide Lo P lvethviere Jlycel luleale

Gaseous hydrogen bramide, whiich hud tcen purified by
prssaze tiroush coppor turric_ s 1nd dried throuch a celcium chlore
jde tcwer, wes pa=ged tir-u_h & soclution of twontiyeoiie sra:s of
t.e polrvester in 1.0 cc of ci:lorofors for ni:re hourse Tl excess
a8 was sbgcrbed in a weler trage [ur ng “ae reaction, the
te persture roge to 349C and then returned to 2U°C after four
hourse Tha product, efter the solvert wes removed under n
vacuun of 3U mie &t 14G°C for three hours, wns & viscous resin
w.icnh srs 8li _tly darker :ha:a tite polrustere Une hn’red and
iort; ~ci ht neqe ol tie polrester _ained 136 noge of d Ir
wiich 18 $3e30,c of the tisoretical amount for a voliymor with tie

L fz i
siructurel unit of 0 = L « ( = @« « 0 e ( = C lelo en delore
q Br
nrinations siowed 530474 Lroaine in the pol;mer walich wes sblout
03¢t of the theorctical value = (3:ie¢7.) ror & polymer of the

siracture s:owmie

drooon (hloride to Pol:

ethvlane Clenl i‘nlcoates

Gaseous hydrogen chloride was purified thriujh conper
turnings and concentreted suliuric ecid and then passed tiru:i h
a solution ( of‘ZSotig) of the ?olyner in 150 co of chlorofors
for nine hours at 249C, I[uring the reastion, tivre w88 no chmige
in tempvrature.- Distillation fér three hours unler 40 rme prase
sure et 12.2C lcft a 18, 2t ycllor viscous residue w ich showed
8igne of erystall:nlt; on long stondinge Twentyeeight end fiftye
five hundredins g of ihe polyester incr &sed wet7 3 in wui it
wi:ich wes 90.1,. of the tneoretiial eount Jor conplcote sdd:tione
to tae doullu Lond of tie polyesiere imlogen deter - inatioas
ahowsd tie polymer to contain l5ei7: chlorine Which wes ebcut

13



94eCjs of t..e tiieorctical wvalue (15e.7,.) for a poly:er with
L ¥ 9 S1 da

i
the structursl unit = O @« € « (: -
L

Addivdon of  romine tn Polyztiviene Glyec) ‘rlar-e

Fort&-tour sid six tenths g of Lhe polyester were dissolved
in 2.0 co of ciloroform and 17.% ¢c of pure bromine.‘and excess
qf tho enount nhecessary for adaitlon, was added, er;er‘wuich the
flrsk wes stoied mnd &llowod Lo stand for one week wita occegione
el simkin_s The chlorofora solvent and unreacle! trouine vere
reoved et QLOC‘and 40 mme pressuree The product wuas eli htly
derior end loss viscous than t~e polyustcr aud on lon_ stending
baeren to ehw signa of orystunliuity by foraing & red-tirovm
pusty mntorinl. The product contained 13.02. dbro.ine wiich was

only 24ebY,. of the thcoreticel wnluo for & polmer wita s structurel

¢ % @ g @ %
unitof-O-(f-(;-%-L—O-(‘:-(l,-
ir or 4 i

A3dition of (hlorine to Pel-ethvlere Clvcol rleate

Chlorine ;as which was dried tihrocu h sulfuric wcid, wes
pesssd throug: & solution of 40 srans of t.e polywster ia 2C{ oc
of ciilorofors, tiwe excess Y“eing removed by a weaier trene The
toperrture wes 219C, but rose to 3.°C soon after ti.e reaction

sterted and re.-sined there durin: tae rest of tie roscilon poriod
of nine hourse Distilletion of tie golvert and ;escs present
was effocted in vecuum et 1.09C for 1} hours efter which tina,
Liie product tegnn 1o Lurn durke Cu swendii_, & very visccus,
clo.dy resin :or-ede The pereeru calorine nas Lound wo Ls

2744, which wts about €4, of tiw thcoreticel {((3e.31,) for m

O B b g i
pely~er siracture of « O = el el al a0 = '

(1 G
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24734400 of P imorin 4o Pol-ecbelora Dlowee] Me)lente

Twerty ec of Liquified wawonie vora edded Lo L4 g of e
pclyaster wilch hed previcusly been coolod in en acelone-dry
ice ba’hs Tho mixture wes honted to 110%C 4n & high pressure
bob wiere tie highcsf rregsure atteirned wng 120 jesele Tie
presgare drorped steeadily in ehout <3 =intes Lo 2070 T esele
pltnou_h e suell g:cunit of 88 wus Jound wuuﬁ 1ko Lozl wrs
opcnede  There were 1wo prﬂé;cts of tae Cwon.l;'sis, one &
brown res.n whicn wes svluble in dilute scid Sut irnscluble in
nllkeli, rnd a wiite £.11d viich wns scluble only in concentisted
acidse Yoth prcducts were placed in e very dil:te scid s-lution
and the wuits s0lid w.s {iliercd offe The rencining sol tlon vwas
rade alikaline to preci ilats the '‘rown resin w:ich wss iion
dried undor vacuute Ths raain conteined 1l.37% niirogn as
e ainst & theoroticel velue of 1le2Is for & polymsr wi’ch hos a

g § 4 g Hy Iy
structrel unit of « 0w e C ol eCab el el = I3
Xipg B _

wig not oxidized by solessium erwngennie aid slowed Vo vne
seturnidion whon titreted wis, hromte=bromido solilione Sha
white molid decomprged wilrout melting ef ghout 2/L°C, showed
83, unseturaiion whun wilretsd wita brorate=lronide solut mn,
end peve off prmenik when hosted witi ellelie The sclution
formed when .he whiite s:lid see herted with eliell wns eseidifled
erd a white s0lid srecip teatcd wiitn ecot nes This solid vs
filtered erd weshed with elcohol 8fer wiic: tee eleohcl wes
eveperetedito a smell velumse This resulied fn Uie precipitse
tion of & whits cryztelize rolld wiidch molted et 150°Ce fece
the meltiry point of meleic wuile The pervent nitrcgen of t. e
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1

oerizisal solid wns 22,86 w..ich was rbout 2; tines ti.e thsoretical
i 3 &
for a rolvver with & structurel it 6of « C @ C « C =« C = C=0e

. Ha B 1
é‘- € = and slizhtly less tian tust of melex‘de (u.8. RuuSC

{decarpe)

Aldition of Pdragine irvArate £0 Polystilere Clvcel alenia

Twenty=-three and 4tnree tenths g of the pclyester were dictgol.ad
in 100 oo of & 11l retio of & chloreforn-alcohcl solve:t, 22 g of
hydregize hydreie were added and the mixiure was refluxed for four
hourse Distillation at 80°C under 50 maoe waouux for three hours
resulted in & trangparent bronzesocclored resin wiich was leas
viscous than the polyesters Twentyethrse and thres teuths rers
of the polyester pained § grame during the reaction, this velue

beang €11 of the theoretical amount for & poly-er, the structural

! @ 4 Q ﬁl #Z
unit of which wouldbte w 0w C w C al w00 el el - The
ah;\‘{z'
Lilp

percent nitro;on wes 1U0e34~ OF L4e8: of the theorsticel m:ount
(16409,.) for the structure showne The pervent unsaturstion could
not dbe determinedes

£3ditslon of Fitrooaen Tetraxlde 16 Pol oth-lone Glvcol L'ulees‘e'em

A solution of the 324 g polyester in 113 cc of culoroforn
wag placed in a round bottoa flusk which mos clesred of air and
oxy:en by passing tiroush nitrosens MNitrogen tetroxide wes pessed
tirouh the solution for five houra st wiich time the soluiiom
wne ageumod to be stturnted witn the gese ITho nitro,on teiroxlde
wag prohiced by dropping conceuntrated nitric acid em noist sodiua
arsonite end heating when necesstry to produce a betler wolume of
g8se In the early sta_es of tiie reaction, soie heet was _iven

offe ZThirty-two and four tenths prerms of the polrester increoased
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30e8 zrams $n weliht which was & little hi her than the theoretical
arounte Distillation at 35°C under 50 mme vacuunm produced & yellow
white semi=solide 2t higher tenperstures, lar;e volunes of I Cf
were given ot‘fo Ten and fifty-four hundredihs perceat nitrocen

was found in the product wi:ich was slizhtly less tnan tie theo=

retical (11.95:) for a polymer structure of e C e C @« ¢ @« (C = C =
H, H, 3 B 5 @ i, B, en owo
QuelolCegrewlelelalealealalala
xoz};oz

Addition of Mitrosyl Chloride to iolyethylene Glycol keleateS3d
Thirty ee of glacial acetic a¢id in 20 co of amyl nitrite

wore &dded to & solution of 225 g of the polyester in 150 ec of
oh.lirorom followed by & dropwise addition of 11 ¢o of concentrated
hydrochlorio aeid, during the sddition of wnioch the tenipersaturs
was maintained below 5§%Ce Ti:e ohloroform solution was warmed on
the steaa bath for several hourse 4 white precipitate appeared
which was filtered off and washed with chloroform but .‘w no
tests for chlorine or nitrojeas ihen heated, the precix;iuto
sublimed at 200°C, melted noar 2Z80°C, and proved to Le [fiss: io
acide

Addition of Sulfurnonochloride te Polyethylene Clycol imleate

Three and five tenths g of sulfurnonochloride were mixod

with a solution of B3 g of the polyester in &0 c‘a of chloroform
and heated en the steaa batne The yellow apongy recipitate which
eppeered vse waghed with aloohol and drieds It wes found to be
insoluble in all of the solvents used &nd ro deterninsiions oould
be rcdce IThe wolid was air dried and placed in the hot roam for
soversl deys with no destruction of tne elastic propertiese
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ATALYTICAL
4 carbon=hydrozen determinetion wns run cn the polyxer by &

€4 ascarite and

mothod adapted from the meoroemethod of Fishker,
dehydrite beinz used in the ebhsorption tubes. All of the halide
and hlloé,on addition canpounds were snslyzed ia duplicatie for
halozenes 4 welighcd sample in a cellulose cup wes pleced in a
Parr Soub with sedium peroxide end small emountis of potassiun
nitrate and bcmoio 00id.%9 Tue baib s iznited by fls:e and
trhe contents diuolvo& in an scid esolution after w.ich the Volhand
method®8 for the determinmtion of halogen was sppliede Nitro
bengene waas used with the chlorides ratiher than filtering eff the
silver chloridee All of the nitrogen determinations were carried
out by the meoro Xjoldahl nethodS7 with sodium sulfate 8:xd coprer
sulfate cetalyetse The deternimatic:s of the warious ele-ents
are sun-arieed in tables 1, 2 and 3.

Several methods for the deter-inatian of unsatureiion were

usged btut only the bromide-bromate metliod was of sny weluee

Permanrauate Cxldation iethod for the Deternzination of Unseturation

Each of the products was tltrated with & saturated solution of
potassium permancanate in acetone to deternine the relative a.ounts
of unsaturstion or the effects of oxidatione The perxarent red
color of the perman;arate solution was used &s the end point with
no outside indicetor employede The results are listed in table ;4.

Yorcuric Acetate letkod for the Metermination of Unsaturetian®®

Five grams of accurately weished mercuric scetate were added
to a solution of the senple in 25 cec of dioxmne. After ton minutes,
a saturated sodium chloride soluticn, methyl alcahol and carbon-
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tetrachloride were added and the mixture was titrated with standard
potassium hydroxide to & phenolpinthalein end pointe Deteriinations
wore made on mnleic acid, polyetihylene glycol mamleate, tie hydro_en
branide sdditian product, and a blank sazplee See tadle i'Se

';I;-'dro;ez:ation Yetn0d for the Icter-inution of Unsaturation

Bydrogenation was oarried out an the same products es for the
mercuric acetate method usinz low pressure hydrogeration in the
presence of a pallaecium oxide catllyst.69 A gaturated chlaoroform
solution of the product to be reduced was placed in the hydrogenator
slong with +2 grams of catalyat, & ce of ethyl aloohol and 2 small
cry'ttl.lc of ferrous sulfatee The pressure jauge was calibrated
with maleic acide The results are showm in table iGe

Perbengols Acid Method for the Determination of Unsaturation’®

The perbaenzoic acid was prepured by the wethod of Braun’3 using
benzoyl peroxide wiich had been recrystaliszed from abeolute ethyl
slochole Eraun's metihod cansisied of aiding & vold chloroforn
solution of bensoyl peroxide to sodium methylate followed by
acidification and extrsction with culoroiorae An exvess of sodium
methylate was used to countersct the effect of benzoic acid which
seened o be present in itine poroxidee Titrutious of the perbensolec
acid solution with stendurd thioguliute determined tue atrengih of
the ao0id to be +9ui4 milliequivalents/mle ITwesty=five mle of
this solution were added to & chloroform solution of the sample
eantaining sbout 12 milliequiwmlents of unssturastion after which
the volume was msde up to 100 mle with chloroforme After standing
for 84 hours in the cold, 10 ml. portions of the soclution wore
titrated with standard thiosulfste solution using potassium iodide
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and & starchend pointe Thoe results are given in tmrble :C.

——

Two nctheds, those of lucas and Prosmlm.r’ and Bartlett and
Eoukim were used in these tiirationse In the luces procedure,
en excess of KBriBrOg and & suall amount of sulfuric acid were
placed in the flesk followed by «2 W mercuric sulfute, the sarnle
10 bs titreted, (epproxiretely 2 millisquivalents of double bond)
erd 20 ¢o of acetio acide After sheking the flasgk in the absence
of 13 ht for 30 minuvtes, & sodiun ehloride solution and potassiunm
fodide were eddede The sclutions were titrated with standard
thiosulfate and save extrwiely low resultse The seme mothod was
used on two more sa-ples elthoush it was nodified slightly by
initially ewacuating the flaek with en aepirstore An increase in
the porcent unsaturetion was ghown, but the resulis were still too
low to be of values The best results were obtainod by using the
method of Bartlett and Nosmakie A suotion flask with an attsched
seperetory funnel was evacusted, snd & solution of the sarple we:
run in with § co of 6 K'i,804 and 10 oo of watere After warning |
the flask for 10 minuted, an excess of the bromide broamte=solution
and 20 oo of 2 ¥ merouric sulfute were addede At the end of 30
mimtos, the excess bramide~bromate was titreted iodometricslly

with thiosulfates The results are given in tadble ;8.



TrTA THEIL 3

Toklo 1 DPorecottes of varton, oyidre on mnd oxyoon in the poly-

etitylene glycol ualesie vraduced.

Percerta-er Fourd

% C A | %Z 0

£06733 C0eS5 4e1l; 4435 4Lel23 4L.09

Thgoreticrl Perceuzascs

%c 93 %0

5Ca70 4426 45eC4

Table #2 Percent halc _en in the halogenated and hydrolmlo ensted

polyestere
Addition Product * Halojen
H B, 330433 3365
aci 184743 18460
Clz 280103 26475
B'z 13,02

Treorsticel % lslozen
35487
19.87
33431

£2496

Toblo ;3 Porcent nitrosen found in the eiditiom productse

2333i4iom Product % T"i{tro~en

Thooretical * ¥itro-en

ZHs (cclid)

22.24; 22651
Yilg (resin) 11,093 11454
(xdp)p

3204 114155 9493

94993 10,88

11.23
11.23
18.09
11.98

Tsile 44 kelative unsaturation expressed &s ml of B/ Q soluticn

per srome

Addition Product

Polyethylene glveol maleate
B,
B C)
Drz

Clp

kle of Kmnoé/g
358

3el
4446
400

5e4



Tahle 74 Conte

Addition Product e of Kig0s/z
Biy (solid) 19.4
ity (resin) ‘ 2.7
(0,),
Teble ji6 Unsaturstion found by the mercurio scetate titration
method.
killiequivelents Theoreticel
Beople of bage Used ¥illiequivalents
Yalsio Acid 12.52 949
Polvethyrlene zlyvcol cmleals 38 £e38
Polyvethylene glycol malerte o189 T 2671
H8 r Addition Produ:ct ‘ . P ‘ 4.18
IB r Addition Product © 1e59 T 4423

Table ﬁ'ﬁ Felative \mmturlition 88 meagured by the drop in hydro;en
presouroe

Pressure Drop In
Sernle 1bs/sqe ho(gglﬂ Tine

¥aleio Aoid 90 44 rine

Polyethylene rlycol maleste 50 1848 hrse
Polyetirylone glycol mateeate G2 168 hrse
1B r Addition Product 0 | 21  hrse

Table #7 Unsaturation messured by perbensolc acid iitretiorse

Sanple Megqe of Aoid Theoroticsl Meqe
Used
Polyethylene glycol maleate 156 1.40
Polyethylene glycol maleate 11 1.40
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Iable j€ Unsaturation meesured by KB, « KB.Oy titrations in the

presence of Hg 5C4.

Seqe of Theoretical Percent
Lrommte ifeqe of Unsaturation
2d4dition Product L sed Unsaturaiion
Polyethylene glyccl maleate 2404 2.09 9759
Pol;tthylene glyéol raleato 243 260 87.36
1B, 2036 346 6Ce30
Bry 1440 422 32497
HC le4 412 39473
1, 3409 3e7% 8le34
vig (s0lid) 1.09 l.21 90401
Eig (solid) 1.00 1.40 88400
Kiy (resin) 0s18 2.22 7400
Kilg (resin) 0.18 263 7416
Hg +0G 1.61 Se31
H, «06 1.26 5410
(I—:uz)z - An excess wes used in all titrutionse



DISCUSSION

¥Figure {1 sliows the efiect of tims en the consideration of
maleic mnhydride ard etiylene glycole The temporature wes ralsed
after 6.8 hours of osteriricetion’ to effect I larger z:olocuiar
weizht since the reaction rate was spprosching geroe This u’ction
resulted in an incr:esed rete of eaterificatl.m as showm by the
graph wilch fs in a_reecent with the fact tEQt mogt of the iater
distilled off during the first 1?5 = 2 Lourse | It cen bve seeﬁ tat
as the reaction proceeds, the temperature noc'ousry for ccmcionntion
increases which is probaX:ly due to physical reiher than chemical
factors since the increasing viscosity would tend {o make the
collisions of hydroxyl and carboxyl groups less frequente
Stirring tends to naike the mixture more homogenesous in re;erd teo
both chemical sonposition and temperaiure sifm in condensations
where no stirring wes used tue gelatlion begn.:.l earlior eand, due to
locolized heatinz, the portion of the material at the ed;es of the
flask neearest Lhe source of heat gelled much soaner tian the rest
of the mixturees In 8ll of the ¢ondensaiion runs mede, & white,
#0lid zateriel was found suspended in the cooled polyestere The
solid melted at 120° C and proved to bLe malelo acid, which sublimed
off during the distillation &s fumaric mcid (LPe 250°C.)

YXo signe of the suspended rimleio acid wore found in the
polyester st the end of the diatillation process. The pressnce
of exceas acid was t0 be oxpectod sinoe & small arount of the
zlycol distilled off with the wuter during the condensation
reasovione The presence of frec ethylene glycol would seem une
explainadble in the light of the imiediates half eater forwation,
but at highor tenperatures, an esterification=hydrolysis
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equilibriwe §s probably rzet upe £ince mixed esters undsrjo ester
interchan_;e it is reesoneile to assume thet the hot polyestor is
in & dynaniec rether tha- s stalic states.

ince free acid wns found in the finel product, the percent
eatorification values caloulated during the resction are probably
somevhet lower then the sctual percent reaction values. The
uolaeculer weisht woas caloulated from the perceat reaction by the
use of tiie followin; forumula which wes developed Ly Carotierss

Ps2=2.
£ fx

Whore P is the percent poljmerization, X 1s the nusver of unita
in the chain and F &3 the funciionalily per molecule of moncners
doth of the monomers are considored to have & functionelity of 2
since the double band of tihe maleic eniydride does not take part
in the esterificetion reaction. Substitutinz 91.645% (or «98154)
for P end 2 for the wvalus of X, the equation becaness

9154 3 ] -}cr «9164xex 8 «le¢e This gives X & value of 11.82
which when multiplied by the weight per each two functional
groups (71 g) gives the molecular weizht of the polyner ss 6§39,

The graph of the reciprooal neutralization milliequivalents
vee tine ghows tlat the esterification of ualeio anhydride and
elhylene glyeol is & second order reactione The walues of k st
both temperatures wore deter-ined from the siraight sections of
the ourve anly, sinoce the rate decreases considerably after seversl
hours of reasctions This is due to the reverse reactiom (indrolyvsis)
which takes place in all esterification recctions of this tipes
Althouzh water was ramoved by distillation duringy the reaction,

consideratle quantities of water ars probalily held by the viscous
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FIGUKE 72
GRAPH OF RECIPRGCAL
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mixture resultirg in the hydrol:rsis reactione

During the dlscussian it Ies beon rssumed tiat esterification
was the only reactlion teking plmcee iluwever, it should be mentiomed
that there are several other courses wiiich the resction cculd have
followed, these Lieing A-polymerization of the ecid, polvether
formation and polyanhydride formmtione Aepolymerisation and
polyanhydride formation would both reeult in canpounds which
should contain only X hydrogen, & value much lower tian the
parcent hvdrogen founde The A=poly-er would siiow no unsaturstion
end would not add sny of the reajents which wore addede The poly~
anhyiride should not be formed since the half ester would tend to
prevent 1te. Although polyether forswmtiiom ususlly requires higher
temperaiures and a deiydrution catzlyst, it could conceiwably e
formed durin; the reactione However, the polyether would not bdbe
hydrolyzed by the weak alimli solutions ueed, there would be no
difference in the neutrslization «nd saponification equiwelents,
and & grester percentaze of hydro;en would be present in the polye
ethere The ocarhon hydrozen deter:inmtions were in very close
agreenent with the theoretical for esterification.

The additione of wverious reeeriis never exceeded 95% which
micht be due to small snounts of i1solated crosslinkages through
double bonds, althoush in nost cases the rereining unsaturstion
was acoounted for by double baud titretionge

Estorification would produce & poljyester wiich could havs &
elain of any one of thres forms depending upon the termizating
croupse The terminating ;roups of the molescule miziit be 2 hydroxyl
groups, 2 oarboxyl i roups or 1 carboxyl and 1 hydraxylse The half
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ester theory would support the last structure, but since (ree
tylcol and free aclid are known to be prese.t, any of the three
types of molecules eould be formede & cyclic structure for the
polymer is rather improbeble since & ring of more than eijht
menbers would have to be forred and no neuiralisation squivalent
would be showne

The reactivity of polyethylene glycol maleate toward halogens
snd hydrogen halides is in the order Brzélz@ér{lcl althouzh the
difference in the reactivities of H Cl and UBr s elighite Dromine
reacts very slowly and the roaction may be eithsr substitution or
additione Chlorine reacts more easily end to a greater extent than
bromine but the product formed is unstable towsrd heate From the
percentages of halogen present, iSr and H C] add te the deruble
bond nearly quantitativelys ©Oince neither of thess resgents are
sapable of substitution, the peroent halogen gives a good indicaw
tion of the unsaturation prezent in the polyestere 4is wae ox=
pected, none of tihe halide derivatives could be cheocked for une
saturation by the bromide-bromate methode IThe bromide~tromate
method depends upon the sddition of bromine to the doudble bond
and in the presencs of at least three (two carbanyls snd one or
more halogens) strongly slectronegative groups, addition would bde
greatly inhibited while substitution would be greatly enhancede

The sddition of ammonia to polysthylene glycol maleate resulted
in two entirely diiferent productss From the relative amounts of
the produsts produced, it ean be conoluded that the primary resection
product is the sninated polyester while the secondury reaction
product is mmleanides There are probably other producta formsd
in the resction mixture which were not isolatede With both
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reactions taking plece simultanecusly saze diamide of aspartic
ao0id should be formede Liowever, since the resin was precipitated
from & water solution the aspartio acid derivative would be lost
in this steps The percent nitrogen of the maloanide (22.67%) was
lower than the theoretiocal welue and small smounts of maleanic
acid are probably present in the solide 8ince these products
wore the results of reacting an excess (for additian) of smnonia
to polyethylene glycol maleate, it would be interesting to detere
aine wiat products would be formed by resmcting the two in an equal
molar ratioce One or the other of the reaction courses mizht de
eliminated by running the resction at & different temperaiuree

The additiom of hydresine, which should show about the same
reastivity ss ammonia, was only 65 completes Thig is probadly
not due to the resctivities of the two bonds involved but may be
due to the steric hinderance of iarge sarbdoxyl lnd bhydrazine
groupse The addition product was easily oxidized by permangzamate
which would indicate the presence of & pendent Fily; greups Various
amines would prodably add te the double bond of polyethylens
glycol maleate but tihsy would be restristed by sterie feotore to
those of the emmller zroupse.

Fitrozen tetroxide adds nearly quantitatively and mizht bcj
used for the greavizetric dstermination of the doudble bdonds The
#0lid product is not orystaline and apparently is not too stable
to heat since some 520‘ was glven off at temperstures sli;htly
hicher than those used to ewaporate the solvents Io explanation
osn be givon' for the differences shown between the percent k‘z%
addition and the titretion of the remaining unsaturatione The
structure of this derivitive could be = C = § = ar-C = - «

CH RO CF Qo
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The structure is preferred since the sddition of two elsotronera-
tive nitro groups to the syrmmetrioal bond should be es difficult
eg bromination or chloriuatione

The attempt to idd nitrosyl chloride to the doudble bond re-
sulted in the formation of fumario mcid, and no addition was de-
tectedes Althourh the terperature was kept at §°C, leoin in
an aquecus &8id solution was not wnexpectede 8Sae tendency to add
or activats the btond is indicated by thn conversion of the maleate
to fumarioc ecid, and the additiom would probably take plece under
oditions unfavorable to hydrolysise

The reaction of sulfur monochloride with polyothyleue glycol
maloate took place emsily at temperatures below 100°Ce The motual
resction that took place could not be determined sincs tlw polymer
was ingoluble in &ll solveuts. lowsver, due to its insolubility,
the presence of & oross~linked structure was indioateds This re-
agtion would be similar to the wulcanization of rubber and the
atmturo'mldbo-{\.-gcé-. The drying of the polymer for
several days with hn-zc:uc w;gixl-tam to determine whether or not
the reaction product was that proposed above or hydrated sulfure
Since the slasticity was not decresased to eny zreat extent the
product could not have been the latter.

The polyethylens glycol maleate showed & self addition re-
sotion when heated to approxirmtely 909C with bensoyl peroxide or
ditertiary butyl peroxide, the conversion with the htter' catalyst
being muoh. fasters

The msaturation detercinations by moét of the nmethods were
unsatiafectorye The presence of certain groups on the bamd caused
oxidation with psrmancanate to be as caipleteo ag that of the
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polyester itselfe The oxidetion of the hydrezine addition product
was even groater than the polyestere This may bave resulted in
the axidation of the pendent Fi, group to Gy or R203. liowever,
no fumes were deteotede ‘

The use of mercuric acetate for the determination gpave ree
producable results when 1like conditions were rizidly maintained
but the amount of unsaturation was fur below the theoreticale
Algo, the unsaturstion of the liBr addition product was found to
be much greater than timt of the polyester when this method was
employede 7The sotion of the mercurio acetate depends upon the
addition of mercurlo acetate to the double bond followed by
titretion of the liberated soetic ecide One theory proposed for
the structure formed from the sdditiom of mercuric acetate to the

doudble bond is 0 e The addition of methyl

cg-g-o:gg o--t'focg'
aloohol then hydrolyszes the polymer escetate to acetic acid and the
methyl ether of the polymere The difficulty of formingy such a
structure as that proposed above in the presence of the two
ilootrmog-tivo carboxyl groups is evidente

The low results of the perbensgoic ;oid titrations might be
ezpected since this reecotion depends upan the addition of an
oxygen aton in the form of an epoxide linimges From the structure,
- coz- Cb-/c - coz-, it can be seen tiat the tandercy to forn the
epoxide would be very slizit in the presence of the ester groupse

The additian of groups with no electronecative character was
tried in the hydrogenation experimentse The results gave fairly
good agreement with unsaturation found from the percentage of

elements ard the brauide~bramte titrationse The method could not
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used since the acciwacy of the muge readings for the swmll anount
of pressure drop was very poor &nd & canstant texpesrsture could
not be maintained.

The bramidoshraate titretion in the presence of air wes rcu;ch
lower than the thooreticele In the ebpence of air and by enploying
ths 20 minute hsating period, results near thse tleoreticel for
addition were obtkineds ifiowever, it should be noted Lhat the
pregence of & substitution reection s mot izpossible due to tie
fact tiat the lability of the hydroson stams on the daubls bond
would be increoasod by heste The action of the morcuric gulfaie
is not thorou hly understood but apparemtly its aciion is due to
soae type of coordinetion of tho werovuric lan with the free brailnse

Host of tho remctione carried cut procoocded Lo a “reater exe
tant than has been found true of polybutedienee Poljybutadiene
shows cnly & substitulion remction with bro:ine and cnlorins and
the extont of substituiion is much graater titn thwi whioh ocours
in the halogonation of polystiylene ;lrvol maleatees !l and Llp
edd €0 polyinitadiens but the resotion of the foruer requires 16
hours et GE°C &f no cotalyst 1s usede JFolybutadiens roects with
Lol dut Lhe exiaut of this resoiion is not known &nd both of tle
polywrs will react with &5tl1ze ike resotious of polytutediens
and positive additive [roups ls very difficulte Tho sddition of
ssmoia t0 polydutudiene under & presmure of 2100 1lbse/sqe ine at
4209C in the presauce of & Co='0 ceinlyst showed bnly very faint
treces of nitro;;egu

The effect of the clootrone;ative ester groups on tie double
bond has been reedily shown by the resctions ocarried oute Ap=-
parently tho eutor groups tend to pull all of the electrans arvund
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the double bond toward thenselves which action results in two
ladbile hydrozen stons and a double bond which is wery unreasotive
¢to other electronesative groups such ag bromine and chlo:;i.no.
Fositive groups such as hii, and B react rather readilye Cther
molecules such as Hir and iC]l cantain one positive and one
negative group and probadbly add throuch the initial attachment
of the hydrozen ion followed by & shift in the double hond
electrons toward the hydrogen and the final attachment of ihe
halide sroupe 411 of the other sinple molscules which edded to
the double bord forn two groups which have differant electroe=
nesativitiess The approach of the two groups probably causes a
slight shift of the pi electrons in one direction, destroying the
Wotry of the electronic structure nr-.d_allwh;g addition to take
plsce mores easilye



CONCLUSICES

1¢ Ethylene glycol and maleis anhydride react to yield a

viscous, light strew=oolored resin, polethylene glycol maleate,

O HH O H H
with & probable structural unit of (0 @« C e C C e C w0 « C = C),
R H

2¢ The esterification proceeds by a second order reection which
has & rate of 40009 meq/mine st 190°C, and & rate of +0012 meq/min.
at 205°C,

3¢ The energy of activation for the resotion is 12,760 osls/moles

4¢ Polyethylene glycol maleate will resact with ammonia, hydrasine,
hydrate, nitrozen tetroxide, sulfur monochloride, hydrozen, bromine,

chlorine, hydro;en chloride, and hydrozen bromines

6e¢ The double bond of polyethylens glycol rmaleate is sctivated
by the twe oarbanyl groups conjugated to ite
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