THE COPOLY MERIZATION OF STYRENE
AND ITACONIC ANHYDRIDE

Thests for the Degree of M. S,
MICHIGAN STATE UNIVERSITY
Donald Arne Kangas

1958



- {IHESI=

LIBRARY

Michignn State
Univcrsity




TI3 CCPULYEDTZATICN CF STYIRE
AND ITACCHIC AILIEIR

Dorald Arne Kangus

& TI5513

Subnittoed to tha Schocl of Cracduata Stadios of Michigzan
smm Undveralty of Agricuiture and Appliad Scixwe
in partial mum.—x.m ¢f the roquicaonts for
tio dogres of

MASTIT O SCITCE

Iwopartamt of Chendstry

1250



ACTMGILTGTNT

The suthcr wishos to apross hias
approciation to Ir. "alyh Galle for his
intarsst, emccuragaient and guidance in
corpleting this projocte

flo 18 alsc indsbtad to Tho Iow
Chalcal Company for a&llowing tine, away
fron repular duties, to conpleta portions
of tiis projoct and to ir. Willian Pavalich
of t.e Pclymar Russearch Laboratory for his
fmvaluable assistanco,

PN



TEB OKLEDIZATUR OF STY LR

&I TIARBIC ARG ALY

Br

femald Arns Lanme

Sublttad to the Salecl of Grutuate Studlies of Mohdmn
State Univarsliy of Agriculiure and Applisd Sulones
in partial fulfillawt ¢f tie requiranants for
the deygres of

FaldToA (F 3CITI0E

Uepartamt cf Chadstry

Yoar 1228

Approved




AT WCT

Styrae and Ltaconis aniyirice weere copelymardzad in banzans and
in totreiylrofurean sclvents with benscyl parczide or bisesgoeischutyroe
nitrilo catalyst,

Tue rates ¢f ccpolymerisation ¢f 11l swle mtic ¢f styreae and
itaccalo anhiyriride werv dateriinad ia the four systans, bassd on
incividual monouar eencantraticns and the ancunt of pelymer forned,

Tis ratos wore found to be first crisr with rospect to elther mononoer
ccneantreticon. The epparent Iirst cicer rats constants wore caloculated
for mch eyston,

Too composlition of the copclymars wers also cetarmined, by tha
mto cf clsappoarence of munumers, by eleswntal analysis of toe
copclymar, and by titration of the ecpolyssr by both potenticnotric and
h:h frequency mothocs,

A nuher avarmge solecular wadght of 23,00C wvas fcund by tas ckxtic
prossure mothod for a copolymar prepered in banzene sclution, ¥olzht
averags aclecular wel hits wore chtalnsd by the 11zt scattering mathod,
for & copolymsr prepared 4in banzoma sclution the welpht averugs mclecuiar
wolght was 156,000, and for two copelymors preparsd in totrehydrofuren
tie wolzht averuge mcleoular walte wores 50 ,((C,
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I, FURCEE AT SLYE

Ths study of styrene and ltaconie anhyizride copelymerization has
boan & contiming project dn tids laberatery (1,2). farlisr imvestie
gaticns have sh:own the copclyner te bo of an altermating soncmor unit
strcture sindlar to tiad found with styreno-maleic sniydride copclymar
(3,4,5)e The purpese of tils wurh Wus 10 Goteruine 4ho nature of the
mhwmmmbywam‘dmrm
tretions throughoat the reacticn ia conjunction with analysis of the
copelymers formad, In additiom, measurenimts of molecular weight of
the copolymors were made to dotormine the influmnce of the sclvent and
catalyst on tha raaction,



IXe RAGRTS

1. Itaconio anhydride |

Ths itaconic antyuride monomer waz prepared (6) from itssmnis asid
(Chas, Pfiser & Corpany, 955 assay). After recrystallisation fron
chlorofora the product melted at 63-89° C,

2+ Styrene

Ths styrens zononer wvas distilled to resove the inhibitor, the
umhmihotpolmr.ummwﬁmm&um-
ate on the addition of methancl,
3¢+ Bamene

Thicphene free bensone s driad over scdiun metal.
L Totyahydrofuran

The tetrahydrofuren was purifisd (7) and drded by distillation
fron lithinn alumimin hydrides boiling vange 65-65°C,

5o Methanol

The methancl ws dried (3) by resstion with magnestun turnings
(10 praas for 300 ml of methancl), undew reflnx conditicns for four
hours, The dry methancl wes dlstillsd, boiling point &4.0° C.



6, Acotone

The acetone solvent was dried by distillaticn from potassinm
oarbomate, In addition to distillation the acetons tc be used for light
soattering detearninations was filtarei sepoatedly through a fine sintered
Qass filter,
?;Ccnodim

Baker, USP grads,
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To QUANTITATIVE DETIRIDLTICN CF MUINIERS, ST
AND ITACCHIC ANITURIGE

Ao Detarudnation of Itaconis Anhpniride, Methods Based on Unsaturation

8ince itaconic anlydride is an unmatureted cyclioc anhydride,
mothods for its quantitative detarrdnaticn oould be based upon resctions
of the ethylenio wnmtnretion or of the anhydride group, Both methods

There are maryy methods availabls for determining ethylenic une
sturation, inoluding halogen additicn (9=13), catalytio hydrogemation
(1L), additin of dinitrogen tetruxide (15), resotion with perbenmois
a0id (15,17), resction with cacme (15), and reaction with mercuris
soetate (19-21)s The methods of halogen additicm and rescticn with
mercuris acetate wvare chosm for further investigation, based cn mpeed
dmwmm.b;

Lmumm
Markin (21) bas descrided a method for the mpid estimation of
clefing by means of thelr resctiom with mercuris scetate in aloohal
solution,
RCH @ Cll=R? & (CH,COC)g Hg ¢ CH,CH et

Helt?
i i!!:HdX)CCBIg & ClCocH

The resction ws omxried cut in excess merouris acstate. The
azcomt of mercuria acetate in axcess of that necossary to resct with the



ethylanic unsaturaticn wes comwortad to mercurie chlerids by adcing
sodliua chloride bafere titratica of tha libematad acotic acid,
lothancl was repcrted to be thoe best sclvant for the reaction and was
eployed for thess dotarminaticas. In the caso of 1taccnis anhydride
the meihanc) solvent forme the moncmethyl estsr instantansously ad tocn
teporaturs (22), making 1t nec:ssary to £irst neutralise the monoe
otiyl ester of itaoonio acid bafore procesding with the mercurds
acotato reacticn.
Procaduray An accurataly wolied (apprexiaatoly U.3 gn.) satple
was dissclved ia 15 =), cf benaane, 25 ml. of carben tetime
ohloride and 3C ml. of methancle 7h9 acid wms them neutralised
with stancard scchun hydrocide to a phenclphthalein end point,
After 4 grams of mercuric acetats had dean addad the solution
was allowed to stend for cno«tnlf houry 75 ml, of satursted
scdiua ehloride sclution wers addod snd the sample titretod with
standard sociua hydroxide sclutica to a phanolphtialein end point.
The pereant of itascnis acid and anijy'rice wore caleulated as
followss
&+ By direct titration of ths acid,

be By titration of acetic acid lidberstad frem the morcuric
acetate reacticn,



. nl, ¥ers) (M. of Halll
Parcont 1taconde arnigdride = W 1.2

TAELE X

TTACCTIC AT RICE IETTTNATICH BY
¥EURIC ACTTATE METIKD

Prremt Ttaconle Arfpririds
Sarple Tiion of T E‘ﬁ%ﬂ:’ﬂ of
Cuscturation hclis Function
L A B ~SAgPA ning
1. Itaconis acic 5243 9786
2, Itsconic anhydrics, sagpls 1 27.453 300.7
3. Itaocnio enigdride, seapie 2 20437 1C1.3
MRS, i ———

2 Catalyaned brominatica. }

The bramination of etlylonic unsaturation can be catalymed by
mercuris silfate (13), providing a genarel mothod by which the wmsstue
saticn 10 a varioty of compouncs can bo determined,

Erecacurss Intommmtoﬂﬂnkmuﬁednmhly

wolghed (approximataly C.i gu.) saple of itaconic anhydride,

10 ml, acetic anhyurics, 5 xl, 6 R, hydrochlorie aetd and 10 =),

of mter, After standing for scme time 50,0 ml. of CA KN,

bromide-bromate resgmt were auded aieng with 20 ml. of 2 M.

merouric sulfate solution, After stanciing for cne-helf hour

15 ml, of 152 potassium Lcdide solution were added and 1w mix-

firemas titrated with sodium thicsulfate, Starch sclution was



wsod a® an incdicators The percent ¢f itacenic anhydride waa
calculated an followss

Parcort itaconlo
anlyyiride

Begultss (ne analysis by this procsdure gave a valus for
itaconic antyiride of 656.53%,

3. Direct bronimstion,
Still a third mothcd for quantitative dotarninaticn of ethylenis
unsaturation, which has baen ussd fur etyrans (10), 18 the c¢iroct
brodmticn by a sclution of brenine in acetis acid,
Preceturens
a. An acourstaly waeighed (approxizetoly Ced ga.) sampls of
itaccnie anhydrids was éisaclved in bengsene and thon
directly titrstoed with bremine in acetic acid soluticn.
The erungs eclor of excese bromine indicates the end
point, The psreamt of 1taconic an‘griride was oalcoulated
a8 fcllowss
Peoreent itaconic angirids =

b An excess amount of bronine reagmt was accad to an
accuratoly weighed (approximately C.b gn.) sarple of
1taconio anihyriride, which had been dissclved in bensens,
Thls nlxture vas allowod %0 stand in & ocol dark place
and then potassimn iccide sclution was added, The
Uberated icdine was titmutod with standard sodiun



L+

tidosullate, using starch scluition a8 an indicater.
Tha percant of iteconic aniydride wvas caloulated as
follcws

Porcent ltacenic _ (blant: 4itoresasla tito-)(M,
aniirice o walg

Rasulty The direct $itraticn, prococure (a), gave a value for
pure itacenio anhyriride ¢f 0,07, whills the back titraiions of
excess bromine, procacure (b), gave a valus for pure itaconis
aniydéride of 537

B, Dotormimation of Itacanio An'ydirids, Mothods Based cn Acid Functicn

The other reactive cantar in itacenic anhydricde wpon which quantie
tative reactions can de based is the ankyiride growp. In addition to
the usaal methocs for detormining anhycrides, by direct titration with
base or back titration of excoss base, it is posaibls to titrats the
ncnoostor of ftaconic antydride with standard base, Sisgel and Moran
(22) have reported that tha mcacestor 1s formed instantanecusly and
quantitatively &t room taporature frenm & primmry aleohol and a oyclio
aniyniride,

1, Back titrations of excesa besa,
Ercgodures Aa accuretely weighod (approxinataly C.2 ga.) sagple
of 1taconic snhyviride was dissclvad in acotone, To this solutiom
were added X0 ml, of C.25:30 ¥ scdiua Mydroxide and the sclution
was hoated on & stoam bath to boil off the acotime., The scluticn
was thon coolod and the excoss sccding hydroxide was titreted with



ghawiard hydrwelidorie acld xlutlion, %o a phonclpidinwlein and
polale Tus parcal of ftaconis anhyiride wes calculatod as
followst

Parceont itaconie
aniyirids

Zomlts This prococure gave & value or pure itaccnic antydride
of 23.3C%.

2. Tdrect titration of acid functicn.
Proeaduret An scowrstely woeighed marple of itaconis anhyxiride
(appreximataly C.2 gn.) wes dlasclved in banszons, 25 nl, of distill-
ed water were ' added, and the sarmle was heated on a stoan bath,
for 0 mimites, The dibesic Liacomic acid formed was then
noutralizad, to & phenciphthalein end point with standard sociun
Iyiroxice. Tha parcont of Ltaconice anhydride was caloulatod as
followss
Pmmliw e (8L chz’ i gf 1) 5.6
anigndride ad g
TAILE IT

TIACCHIC AMEIYDRIDE DETIXMUATICONS FCH DTU0T TITHIATION
- CP T3 ACID FULITICH

—_ R —

Sa-ple Poroent Itaconie Anhyiride
L W
Itaconic acid } 97.7C
Itaconic anlyxiride, sample 1 93440
Itaconic aniguride, sexgple 2 93,74
Itaconie anhyiride, sample 3 93.52
O — NS







3. Titmation of nmatirl entap,
As has bean mantiomed, cyelie an'ygriridos can be dotarined by

titrating the monomstiyl ester ¢f this dibasie acld with base.
Preceturat An accurately welphed sarple of itaconie mntyirids,
(aprroxzimetaly 0.4 gm.), wus cissclvad 4n abscluto mothanol and
Uien noutralized with steniard alochiclis potassium hydroxida
sclution to & phenclphtialain end peint. Tho percent ¢f itaconie
an'yiride was than calculated as fcllowas

Parcant S.taognd.c

-y rde 17X} (V. (f FCH 11.2

®ple waLglh

e TTY

ITATCTIC ARTIONTIS IOTLTITTON BY TITRATION
CF T IILL)T..’Z".

—— — . = =
Sample Parcsat Itsconis Anhycride
- R S
Ttaconis acid 98.95
Ttaconio anhycride, sarmle 1 99453
Itaconic sntydride, saple 2 100 463
Ttaccnlc anhydride, sample 3 32

e e




TLER IV

SIWIGAY CF VALUTS (OTADTE PO ITACCHIC AW ALE
BY VARICUI pSVKI3 OF DITCUDATICN

e - OB 5 A - et <y £ 4 AN P G PSR . P P . e 2 €

g

1. Unsaturetion detarmination
Qe DOrourio Acotatad ¢ o » s o 00 e e s e 277
be cAtalysad Dro¥rMtion 4 o s s 0 00 0 s B85
¢ direct bromine t14rution o o o o 00 0 o C.B
de back titrstion of excoss broming « o o o Se3
2. Titration of acid functicn
&, back titrution of @08 Bas%d o o s ¢ 6 9330
bedirect tdtrution o« v v v s s e 0 0 o o 98,55
G+ direct titration of tho mnomethyl ester 10C.31

R T S SR T R

Ce Datormimation cf Styrms

Cuantitative methods for the dotormination of styrene are bast
basaed tm the etiylenle unsaturation, Iiothods for determining ethylemic
unsaturation have boen reviavad b Stena (9), and spocific methods for
styrene by Luce (23), 4 ¢irect drominmation methcd has bean used by
Uhrig and Levin (10), vhile Bartlett and Nesald (13) have deseridbed a
catalysed bromination of a more gmorel) application. The marcurie
scotate rescticn (19«%1) has slso boen widoly used for amalysis of

styrena,



1, Harcuric acetate methed,

The prrocedure used woa easantlally the sarw as already has boon
described in Secticn I, A«=l, excapt thet it was urmecessary to
neutralize the acid bafore carrying cut the titraticm,

Procsduret An scourately welsiod sample of styrene, (approximatoly

0u3 g2 w8 dizaclved in 15 =1, bengana, 25 ml, of carbon tetrae

ehloride and 3C nle ¢f nolhancl, Af%er adding 4 grems of merouric

acetate the eclution wes allowed to etand for ons«half hourp 715

nl, of mtaruted sodium chloride sclution were added and the

sarple titrated with standard sodium hydreride solution to a

phenciphthalein end point, The parcent styrene was calculated as

followss

Rogultr The mercuric asctate mothcd for the doterxinmatica of
styrene gave & value of 95.023,

2, I'irect brominaticn,
The direct brominmation with bromins in acetic acid reagont was also
tried for the amlysis of unssturation in styrena,
Iroceduress The procedures ussd ware axactly as have bom
deacribed in Section I, A«l, for itaconis anhydride analysis.
Both procedures were used (a) direct titraticn to the color of
xoeee broxine and (b) back titration cf excess bromine, icdow
netrically. The parcent styrone wes calculatod as followss



{a) Direct titrations

il ‘}Br Ne of Br .2

Porcont styrone » —_ ;

(b) Dack titreticn of excess brodnes

Parcent styrane o (0M5k titer « meple um; (N of RagSc.)

5.2
domlter Exporivents on jure styrene using precocdure (a), gave
valose of 93.17, wille proesdure (b), gave values of 99.5%,

TALIZ ¥

SUITURY CP VALUZS C2TINTD FOR STYTNR
BY VARICUS MITIXAS €F DaTZMINATICN

o o e e e st e~ s g
Sazple Parcent Styrans
m
1, Yarcuric acotats . §54L
2+ Direct bromine titretion 98.1
3. Back titration of excess Lronine 99.5
e o

De Detarnination of Styrene and Itacenic Anhyydrids in Hixtures
For mixtures of styrene and itaocnis anipyuiride monomers it is
apparent that ths following gonaral msthods of cbtaining separate
smlysis of each compcanent are applicables
1. Bpocifia determinmation of anhydride group and total amount
of ethylenic unsaturetion,



2, Dotamdnation of anhydride greup and selsctive unsaturation

detervination for styrae,

3¢ Selective unmaturation dstarzination for esch moncner,

fitaoonic anhyiride and styrene,

Lo Salective unsaturation detarmdnation for styrsne or itacenic

antyride, and total amount of sthylenic unsaturaticn,

Exazdnation of methods uaed Joir the quantitative ceterminmation cf
itaconic aalgniride and styrane, in the pracading eection, indicate that
mathods fo> total unsaturetion ware uhralisble foe itacenic anhydrida,
Furthermoro, there was no methcd avallable for selsctive unsaturatica
determinaticn of itaconis aniydride. These considerations eliminate
propoesals Y, 3 and L. However, a specific method fur determining
styrene is availadble by cirect $iiraticn with bironine, and itaconis
anlydride can be cetermined without interfersnce by titration of the
soid function, These mothcds were tried in the following exparisents
for mixtures in both dbenzans and tetrahydrofuran sclutions,

IS was found that the orunge color of excess bromine was nod
visible in tetrahydrofuran solutions, because ¢f a yellow color which
developed on addition of the bromine solution. For this reascn nmo
detersination of styrene wvas mde in tetrahydrofuran, tut the concene
tmtica of styrens in reactions carried cut in tetrahydrofuran was
detarmined by diffsrence fron the total polymer wedght.



et

1, Banzene sclution
Styrens €257 gyvnl, C.C363 ga/=l,
Ytaconie anhyiride U423 gu/ml, ¢l pvmd.

2, Tatrehydrofurun and xylane eclution
Ttaconis anhydiride CLC835 gfmle  GLCO5S gu/ml.

RS
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IT, CCPCLYHERIZATICN CF STYNI AND ITACCHIC ANHIRILE,

RATE CF RUACTI(CN STULI:SS
Copolymerisations of styrens and itaoomic anhydride, present as
monorars in a 111l mole mtio, were carried out in two sclvents, benzane
and tetralydrofuran, using two catalysts, bansoyl percxide and bis-asoe
ischutyronitrils. The rate of each copolymerisation was followed by
amalysing ssxples, which were remved at definite time intervals, for
the ancund of polymer formed and, wharever possidble, for the amcunt of
each monomer resaining in solution, Several of the four copolynerisations
were daplicated as & chock cm the reprecucibility of results. Based on
the asswption that the monomoer which disappeare froa sclutiocn appears
enly a8 polymer, compariscng were made of the percent polymerisation
detormined from the amount of polymer formad with the percent polymarie
sation determined fronm the cimappearance of moncmars, The compositions
ofmommdudwomdmamhofmmm.
a8 described in the foliowing Sectiom III, and these corpositions were
oonpared with those datermined by the dimappemareance of the monomars.

Ao Procecure

The copolymerisations were carrisd out in all glass equipnant,
uwnder a nitrogm atmcsphere, and with a vacuum sampling device, a teche
alque widely employed in this laboratory for sampling polymerizaticn
resctions and desoridbed by Garrets, Guile et al. (1,4,2.). In this
particular case the polymerizations were carried out in a 1,0CO ml,
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thres-necked roundsbottcmed flask with ground glass joints fitted with

skirrer, condenser with calciua chloride tube at the top, nitrogen
inlet, thermonmeter, and vacuua sampling device., The flask was heated
by an ¢il bath on an elsctric hot plate, The polymerisaticns were
aarried out at reflux temperaturs, 80° C for bensene and 65° G for
tetruhydrofuran,

The welghed amcunt of itaccnic emiydride and the measurod ancun®
of Solvent ware placed in the flask, mitrogen was passed ovar the sClue
tion, stirring was started, and the itaconis anhydride was dissclved
by heating ths soclvent to reflux. S8tirring, heating and the strean of
aitrogen were contimued throughoud the reaction, As soon as the solution
was clear and at reflux tagperature the weighed amcunt of styreme and
catalyst were added, in that order, and the tine of catalyst addition
WAS recorded as perc time, A sample was taiken irmediately uaing the
sampling évdccund then at apprepriate intervals, Further reaction
in the swwples was arrested by chilling. In the cess where bengene was
the solvent and bis-asc-ischutyrcnitrile the catalyst the sarples were
plunged directly inte & dry ice and acetone bath.

The determinations of styrens and itaconic anhyuride concentrations
were run a8 indicated in Section I«D on aliquots cf clear bensene solue
tion after separating the polymer in a cantrifuge, The copolymerisaticns
mde in tetmhydrcfuran solvent could nct be analysed for styrens as
noted in Seoticn I-D 80 in these cases the styrane concentration was
cdtained by cifference, Cince the polymor precipitates from bensons,



it was scparated by filtering on a Gooch crucibls,washed, dried, and
wolghed, Howerer, the polymer had to be precipitated from tetrahydirce
furen sclution by a nonsolvent, Xylans was found $0 be a matisfactory
precipitant and was used for this purpose, A slight trace of water
was also rcqnu-od to facilitats this precipitation, After acidingza
negsured amount of xylems ths sarmple was centrifugsd and treated in s
sixilar marner as described above for samplss obtained from copolymerie
saticns in benzans sclvant.

The fimel copolyaer sazples wore sspamated from tetrahydrofuran
by the addition of anhydrous ethar to the resction mixture. This gave
& mich finer precipitate, dut avoidsd the use of even truces of water
in the procedure. Copolymer saxples wars exheustively extructed with
bensene in & Soxhlet extracter to remxove last traces of moncmer before

analysis.

B. Copolynerisations and Resulis

The amounts ¢f materials usod in the four eopoclymerisations are
susmarised in Tabla VIT and the remilts of these polymerisations are
tabulated and plotted in Tables VIII through XIT and Figures 1 through 12,

The ealculations used o cbtain values from experimentael data for
the tables are cutlined below along with sample calculations.

The following symbols were used throughout this sections

H, ® mlar ccncentration of styrens at any tinms, t.

Mg ® nolar concentration of itaconie mwdﬁ.q.atwm. <.

1,° @ initial molar concontration of styrens.



Ma® @ initial wolar concastiution of itacenic anhyuride,
Hg = mola frection of itaconic anigriride in the eopolymar,
Is A> » Ltacondi? oniyrirdia

TE e Latmalydrefuran

3:0g ® bawzoyl parostide

bis-azo » higsaaso-lsotyrenitrila

1, Parcent polymerisation from the waight of ccpolymar fornsd from
bensens solutions

Parcent polymerisation » o 3 13.2

Saplo ealenlations

g oy o 1?&.&‘2). o
Parcent polyaarination e {“:&'“4 m.) 13,2 = 6\!.25

2. Parcent polymsrization froa the welzht of ccpolymar formed from
tetruydrefuran sclutions

Parcent Mﬁ&n-% 134

Saxples eslsulations
Percent polymerisation ﬁ‘_%%} 3.5 35,08

3. Molar consentration cof styrens, M, for s 5§ ml. aliguot in bensens

sclutions

xxci&.ﬁ)xé!diéﬂ

Sample caloulationt

B‘.W = (.18

12






Le Mciar soncantration of itaconia an'yririls, Mg, for a 5 ol, aligot
in banseme molutions

Uy - I&M%LML%J

Sanple caloulations
X, ® L%Za&lé&&ﬂﬂ ® 0.3}

Se 1clar concentration of itacconic anhyuride, My, in tetrahytirofuren
solutions
A twenty al, aliquot wus tacan of the clowr layer after a wsasured
aaount of xylone was added to precipitate this ocpulynar,

nle sample

Sazpls caloulations

vy e 1d5) (0A009) LA T340 o .5

§. Molar cencentretion of styreans, ¥;, in tetrehydrofuran sclution,
from difference of polymer formtion and disappsarance of itaconio
amydrides |

Ny, »

Sample cslculations

ny o $SCXTL (9.25) » 122(0.275)

H; » $,27C

T+ Porcent polynsrization, from the rate of disappezrance of mononeras
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Percent polynmarization e [1Cj (zs," o) @ 112 (1%g° «g)] .42

Sarple caloulations

Percent polymarisation @ [104 (04332 @ C.231) ¢ 112 wwe
(C313 » €.185)] 1442

Parcent polymerisaticn e 35,07

B+ Kole frection cf itaconis anuyirice in the ecpolymer, Nyt

N
s He¥ - ¢ (Hp¥ e




TAILR VII
STLWARY CF COPCLY{TIZATICNS

s 28, Percemt * Eind xle Xind £ Reacticn
mm.m S md'

2,2 26,10  7.55 benzene 7CC.0 Balg 0.232 0.915
17.30 18,80  7.55 bangene 5(C.C bis-aszc C.113 C.516
24,20 26,10 7.L8 ™.F CL Bsty 0,232 €.925
2420 25,0 7.48 T 7CC  biseano G159 0,925

Synbols used in above table and tiroughout thiis sections
Ide ® ftaconio anhydride
TP e tetrahydrofuren
BaCy @ bensoyl paroxide
bis-aso @ bis~asc~ischutyroenitrile
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TAILE VIII

RATE CF DISAPPEARANCE CF MUIKICIRS AND CCIPCSITICHR CF CCPCLYR
(In 111 Styrenesitaconic anhyiricde copolynmerisaticn
in bensense solvant by bensoy) pesuxide catalyst.)

e A A e e A A s o s 5 Py e W ¢ 100 10 A 1 @ M0 £t e a8 - i 435 T e 6 ol < - et -t s mani h

¥ ¥

IR W At Y

Mmtas = of Styrens -1,'::: L oopah'mm
. O 0.332 C.313 -
6c C.231 €185 €550

120 €. €051 C.523

1%0 NTES €43 0.534

25 o.L82 0.L29 0500

3% 0.010 €.018 0.5

&0 - 0.008 -

780 - 0.0CH -
b, cuplicate polymerisation

¢ €30 C.310 -

15 G318 C3CL

3k G.205 G254 C.576

& 0.22% 0.176 G.55C
1sc 0.068 0L c.521
2. 04055 €029 0.510
362 - 0.C18 -
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TLALE IX

RATE OF PCLYM™R FCRATICH
(In 13l StyrenesItaconic anhydride Copolymerisation in Bensens
Solvent by Bansoyl Percxide Catalyst)

b e e

Parcent ion
Time rona relght o Tom SLIRNCS
bt OO i SR i
8 9 0.2 -
& 36.5 36.8
120 63,2 66.9
pH g 77.8 16.9
2 858.3 83.5
380 90.5 96.5
&¢ 92.8 -
7% 93.7 -
b, duplicate polymerisation
° 0.l -
15 5.2 2,8
30 15.6 15.8
€0 - 38.2 38.0
150 75.3 30.5
20 86.2 -
362 10.2 -
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TADLE X

RATE CF DISAPPARANCE CF MUNCHTIRG, CCMPCSITICH CF
T2 COPCLYITR Al RATE CF PCLLERIZATICN
(131 Styrensiltaconic Aniyuricds Copelymsrization
in Bensene Sclvent with Diswago-iscbutyronitrile Catalyst.)

et canane s S+ o et AR S5 o gl § St e %o e 1 s 5% e -+ v o e

Parcent Ka
My Mg Polymerisation Mole Fracticn
Tine ¥Molap Conc. Molar Comc, fron ¥t. of I.he in the
Mimtes of Styrens of I.d, Copolymer Copelymer
0 . c.321 €309 1-5 id
1 had 00293 507 -
15 0291 0.259 1.0 0457
30 Oom 0.203 2907 0053
LS 0.175 ¢ 140 Ls.2 0.50
& 0.L6 012} 560 0.5
100 0.103 €069 7.4 0.53
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L ILS XX

RATE CP DISUPPIATANCE (P ICINTNS, CC*PUSTITICH CF Ti%
CCRULYER, 430 RATE CF POLYICRIZATICN
(1:1 StyrenesItaconic Anignirice Copolymerisation in
Tetrahydrofuran Sclvent with Ssnzcyl Percxide Catalyst.)

Percent
Tne  Molar'Como. Kolar'Como. | Promiteef . Ta Fzr;“uix:ﬂ
¥imtes of Styrene of X. t:_-: Capo.‘\:;ym:a' Copalynar .
e O c.3a 0.3 0.l -
20 0e259 04235 13.6 €410
3% ¢.258 €255 18,6 0.470
540 C.23 0. 246 25.6 G55
120 0.7 6.226 30.9 C.L77
be duplicate experinment
0 oJ2 c.21% CeS -
60 0.6 o.J1 3.9 [l dy)
20 6.27¢ 0.275 50 0475
L8 G248 0.2L4 23.8 C.505
1% 0.228 0.220 29.1 0.500
940 C.210 C.224 2.4 0.ub6
1285 0.92 0.225 35.9 Oolk9
1500 098 098 38.2 €500
740 - €190 e -
. O - C.133 L2.8 -
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TABLE XIX

RATR OGP DISAPPEARANCE CF MCKCMERS, CCHMPCSITICRN CF TIE
CCPCLYHMER, ARD RATE CF PCLLAERIZATICH
(111 Styrensiltaconic Amhydricds Copolynsrisation in
Tetrahyurofuran Solvent with Blg-aso-iscbutyronitrile Catalyst.)

FParcent

N
TR SO MU oy oo il ity
_Mimtes of Styrme  of Id. Copolymer Copolymer
c 0.3 c.321 - -
35 0.319 C.318 c.6 G50
& 0320 G312 3.0 0.L50
150 ©.279 C.284 12.2 058
20 0.265 C.262 17.7 0.517
L2o 023 0.23% 28.1 0.502
6C0 0,205 c.21 354 0.489
8o 0,287 G.A39 h g ©.L96
LI A 0.157 0,156 L9.8 0.486
1580 0.0 0,154 5440 C.L80

e
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Figure /2
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Ce Ordex of Reaction with Respect to Styrene and Itaconic Anhyriride
Cncentrations

The rate axpressicn for copolymerization of styrens and itaeconic
anhydrica has bem proposed to be (1)1
Rate @ kv [d']2
Ihm)fuaompluoflclttymcud ftaconic anhydride. If thls
18 the case then the rate of pelymerizaticn would be expected also to

be £first order with respect to edther styrene or itaconis anhydride
concentiution, The first order mate &preesicn when integrated iss

log D'l » LogKQ] = yy ¢

Qraphs of the log cf styrens concentration, M;, and log of itaconic
anhydride concantrmiion, Mg, are shown in Figures 13-20 for each sclvent
and catalywt systen,
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Figure /7
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De Overall Rate of Llon

The ovesall rets of copolymarisstlcn can be wypressad, 4f the
sbplifying asmuption 18 mdo that the mts of initiation, Ry 18
independent of the resction medimm and the concemtration of the two
mononers, by the following mte eguatien (29,24)¢
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