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ABSTRACT

Copolymers of maleic anhydride and styrene have been
prepared with average molecular weights of the following
orders of magnitude: 3000, 6000, 9000, 15,000, and 20,0CC.
Polymerization conditions to produce copclymers in these
various molecular weight ranges kave been described. The
lowest molecular weight poly-(maleic anhydride co styrene)
was prepared in dimethoxymethane solvent using 0.8 percent
benzoyl peroxide as the initiator.

The various copolymers were reacted with gaseous am-
monia to yield the ammonium salt of the half amide of the
dicarboxylic acid roieties. Total nitrogen content of the
ammoniated copolymers was determined by the Kjeldahl metlod.
Arronium salt nitrogen was determined by a method employing
high frequency titration. This method involved the dis-
placement of ammonium ion from the ammonium salt linkages
by a strong acid and evaluation of the carboxylate groups
thus liberated by the strong acid titrant.

Anhydrous tetrahydrofuran was shown to be a suitable
solvent in which to carry out ammoniation of the anhydride
copolymers. The armoniated copolymers were insoluble in
tetrahydrofuran and insolutble in acetone. Acetone, a good
solvent for the copolymers, was shown to be reactive with
gaseous ammonia and yield ammoniated corolymers cortam-
inated with light unstable, dark colored, acetone soluble
materials.

Infrared spectra were determined on the various co-
Polymers and their ammoniated derivatives. Analysis and
corparison of these spectra indicated the presence of the
anhydride linkage in the poly-(maleic anhydride co styrene)
sarples; and the precence of aride and carboxylate groups
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in the ammoniated derivatives. Infrared spectra have been
used to distinguish copolymer sanrples from their ammonia
derivatives.

Several polymaleic ankydrides were prepared by the
homopolymerization of maleic anhydride. These homopolymers
were converted into the amrionium salt of the half amide
of the dicartoxylic acid roiety. Bomopolymaleic anhydride
samples and their ammonia derivatives were then character-
ized by high frequency titration 2nd rnitrogen analysis.
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INTRCDUCTION

This work is a continuation of the studies in this
laboratory cn the copolymers of raleic anhydride with st-
yrene and their derivativesl’2. Poly-(maleic anhydride co
styrene) with an average molecuvlar weighbt in the order of
50,000 Lhad teen reacted with ammonia to produce a nitrogen
containing material of unknown structure that exhibited
some anti-carcinogenic activity.

The work reported in thie thesis was initiated to pre-
pare copolymers of maleic anhydride with styrene of differ-
ent but known average mclecular weights and to convert
these copolymers into their ammoniated derivatives. Tre
structures of the armoniated derivatives were to be stucied
and their number average molecular weights determined.

Somre cormercial sarples of the poly-(raleic anhydride
co styrene) were available from Sinclair Petrochericals,
Inccrporated. These samples were advertized to be of rel-
atively low rolecular weights based on the property of
relatively low solution viscosity. No information was ob-
tainable relative to the rethod of preparation of these
samrles, the values of their number average molecular
weights, or treir structure and purity. The commercial
samples were to te used as an imrediate source of copolyrer
material for study and as comrparison samples with any that
were prerared in the labeoratory.

Since the Nichipan State Chemistry Department had re-
cently acquired a Vapor Fressure Osmometer - Mechrolat
Model 302, which can effectively be used to determine nur-
ber average molecular weights in the order of 100 - 20,000

it was decided to reasure the number average molecular weights

of the commercial samples and to atterpt to prepare poly-
(maleic anhydride co styrene) with number average mclecular



weight that would fall within tle limits of measurement
of the above rmrentioned instrurent.

It was also a part of the problem to ammoniate the
commercial sarples and to deterrine tle structure and
rolecular weight of these armoniated derivatives.

The production of lower molecular weight copolyrers
and their amroniated derivatives with average rolecular
weights in the order of 500 to 5000 was very decirable for
several reasons. low molecular weight rolymers would in
general be rore soluble, more easily produced in the lab-
oratory, more eacily reacted and more cormpatable with bio-
logical systems.

Since some of the ammonia derivatives of the poly-
(maleic anhydride cc styrene) have been shown to be anti-
carcinogenic a variation in mclecular weight might effect tte
toxicity and effectiveness. It was Loped that low molecular
weight polymers would prove less toxic and more effective.

Any =amples of kncwn structure and known molecular
weight resulting from this investigation would te submitted
for evaluation in certain anti-cancer screens.

Within the course of this work, it was found deeirable
to rrepare and ammoniate polymaleic anhydride. This work
also describes the results of the ammoniation of succinic
anhydride as a model reaction for the investifation of the
reaction of the maleic anhydride moiety in a copclyner.



HISTCRICAL

Copolymers of maleic anhydride anéd styrene have been
treated with ammonia under varying conditiones to yield
several rroducts. Aqueocus amronia produces the mono- or
diarmonivm salts of the roly-(maleic antydride co styrere)

3’4’5’6- Vhen heat was aprlied during the treatment with )

aqueous anrmcnia fcllowed by heating the iritizl reacticn
product in vacuo the imide of pcly-(maleic anhydride
co styrere) was formea”’ .

Armonium salts cf poly-(raleic anhydride co styrere)
were also prepared by dry blending equivalent amcunts
of amnorium carborate cr armenivuvr bicarborate with the
copclymers.

When the corolymer was dissclved in an anhydrous red-
iur and gaseous Amrmroria tassed through the solution the
amide of poly-(maleic anhydride co styrene) was formeda.
It also Lhas been reported that reacting the ccpclyrer with
gaseous armonia in anhydrous tetrahydrofuran yielded the
ammonium salt of the half amide4.

Foly-(maleic anhydride co styrene) dissolved in an-
hydrous acetone and reacted with gaseous ammonia under
pressure quarntitatively formed the imideg.

Orange colored amidated polyrers were fcrmed when the
copolymer of maleic ariydride and siyrere in acetcne sol-
vtion was treated with p-arinobenzoylacetanilide or benzoyl
acetic acid p—aminoanilidelo. Likewise, aridation pro-
ducts were the result of reacting poly-(maleic anhydride
co styrene) with N-rmethylaurylamine or N—methyloctylaminell.

Nhile the copclyrer of maleic anlydride ard styrene

Fas been yrrerared in this laboratory, little work has been



done on the reacticn of these copolymers with faseous

arronia and the characterization of these ammonia derivatives
The synthesis cof jpclymaleic anhyvdride wias reported re-

cently and a search of the literature revealed no puvb-

. . . . . .12
lished data on its reaction witr gasecus ammenia™ ",
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REACEI'TS

1. ZEenzere

Thiophene free benzere was dried cover scdiurm retal
and distilled; beoiling range €C-81°C.
2. Acetone

The acetone was ypurified by washing with silver nitrate
and sodium hydroxide. The acetcne was then filtered and
stored over calciur chloride. Finally it was distilled from
potassium permanganate; boiling range 56—5700.
3. Tetrabydrofuran

Tetrahydrofuran obtained from kastman Chemicals was stored
over potassium hydroxide, refluxed with lithiur aluminum
bydride, and distilled; boiling range 65-66°C.
4, Metlranol

Absolute methanol was dried by refluxing with mapg-
nesium turnings and distilled; boiling point 64.5°C,
5. Chlorofornm

The chloroform was dried over calcium chloride, dis-
tilled, ard stored over calcium chloride; boiling rarnge
60-61°C.
5. Lenzoyl peroxide

Eastman Kodak, Reagent grade.
7. MNaleic anhydride

The maleic anhydride (Fisher Scientific Co., Reagent
grade) was purified by distillation; melting point 5500.
&. Amroria

Tl.e liatl.eson Company, Anhydrous.
O, Succinic Arkydride

The svccinic anhydride was purified ty recrystallization
from acetyl clrloride; melting point 120°c,
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10. Styrene
The styrene mcnomer (Dow Cherical Corpany) was dis-

tilled to rerove the irhibitor. The sample was free of
polymer, as indicated by the absence of a rreciritate
on the addition of rethanol.
11. Direthoxymethane

Fastman Organic Chericals, Reagent grade.
12. Dioxane

Tecthnical grade dioxane wiacs refluxed with 1.8 N
HCl under a flow of nitrogen gas and stored over XCH
rellets. It was then refluxed with sodium metal and dis-
tilled from the sodium metal; bceciling range 101-102°C,

INSTRUNENTAL

1. pH Meter

A Beckman H2 pE meter, with glass-saturated calomel
electrode pair.
2. Infrared Srectrophotometer

A Perkin-Elrer 237B Double Beam Recording Infrared
Srectrorhotometer.
3. Vapor Pressure Cesmoreter

A Mechrolab Vapor Fressure Csrcreter - Nodel 302 was
used. The operation terperature was 379C. for all deter-
minations. The K value for acetone solvent was deterrined
with benzoic acid and found to be 375, The K value for
water colvent wacs deterrined with potassium acid phthalate

and found to be 132,



I L L N A R T ]



PART B

THE CCIOLYNER CF NMALEIC ANEYDRIDE AND ETYREMNE
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FREPARATICI CF THE COFOLYMER CF NMAILEIC ANFYDRILDE
AND STYRENE

The corolyvmerization of maleic anhydride and styrere
was carried out in a cne liter, three neck, rouvnd bottem
flask with ground glass joints. The flack was ecuipped
witl a mechanical stirrer, a reflux condenger, and a gas
inlet tube. A 50:5C role ratio of maleic arnhydrice and
styrene was reacted in five lrundred milliliters of the
arpropriate solvent. Benzoyl peroxide iritiator was used
at 0.5 weight percent, btased on tre tctal monomer weielbt.
Since approximately 42 prars of cojolyrer were needed for
studies C.2 role of each monomer was ccrolymerized.

At 100 rercent ccnversion, this would yield the required
arount of corolymer.

The aprropiate weighed amount of raleic arkydride was
dissolved in refluxing sclvent. ilhen the maleic arhydride
bhad dissolved completely,the styrene was introduced into
the flask and allowed to mix with tlie raleic arhydride
soluticn for a few minutes. After thie thle benzoyl ter-
oxide ipitiator was added ard the reaction allcowed to pro-
ceed urtil a gocd yield of copolymrer was evidert as in-
dicated by the anount cf precipitaticn which had cccured.

Purified nitrogen was introcuced irnto the flask by
means of the gas inlet tube prrior to the addition cof the
maleic anhydride and a ccnstant flow c¢f nitropen gas was
raintaired through tlhe reaction rixture during the entire
prccedure to insure a ritrogen atmosphere at allctimes.
The reaction was carried out at the refluxing terperature
of the solvents,

Upon cerpletion of the polymerization, the copolyrer
was filtered by suction and wached four times with the
same solvent in which it had been prepared. The copolymer
was then dried in a desiccator under vacuum.
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The dried ccpolymer was extracted with benzene
in a Soxhlet extractor for at least 158 rours. After the
extraction,the copolymer was again dried under vacuum in a
desiccator. Analytical samples were further dried in vacuo
in an Abderhalden drying j;'istol heated by refluxing acetone
(B.P. 56.59C.) for a rericd cf 24 rours.

Foly-(rualeic anltydride co styrenc) was prepared in

13

chlorcfcrm, direthcxyrettane, berzene™ 7, and tetrahydro-
furanlg by the above procedure.

Tre sarrles of roly-(raleic arhydride co styrene)
whic! were acquired from ESirclair Fetrocremicals, In-
corporated,were subjected to Soxllet extraction with ben-
zene for at least 158 Ycurs,followed by drying in vacuvo in a
desiccator. Saryles for analysis were dried in vacuc in
an Abderhalden drying pistol heated by refluxing acetone
(B.P. 56.5°C.).
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11
MCLECULAR WEIGHT CF FOLY-(MALEIC ANHYDRIDE CO STYRENE)

Number average molecular weights for various samples
of poly-(maleic anhydride co styrene) were determined
ucsing a Mechrolab Vapor Fressure Osmometer. The copolymer
samples were dissolved in acetone for the determination.
The results are listed in Table I and representative curves
are shown in Figures 1 and 2.

Sample Calculation

Number averare molecular weight = K

K = calibration constant. AR/C(c-->0)
AR = Resistance.

¢ = Concerntration (grams/liter).

Table I
Molecular Weight of Poly-(maleic anhydride co styrene)

Sample Preparation Molecular

Number Solvent Weight
1E* Dimethoxymethane 3,540
2E Benzene 20,400
3E Chloroform 9,200
4E Tetrahydrofuran 6,540
Sinclair Resin 2000A** 1,790
Sinclair Resin 3000A 2,100
Sinclair Resin 4CO0CA 570
Sinclair Resin 5000A 23,400
Sinclair Resin 77000A 12,900

* The E decignation indicates poly-(maleic anhydride co
styrene).

** The solvent and method of preparation of the Sinclair
Resins was unknown.






FifFure 1.

12

Vapor Fressure Osroreter Nolecular Weight

Deterriration.

Foly-(raleic anhydride co styrene), 1lE.

80.0

I
A J
To0.0

+
bo,0

n

1
Yo.0

'1w

150+

RULE

QR/C, 130 4

0

1 e

Xy

1104

0,0

(“}%lfh? Jliter)

Qoncerh-ﬁ?un



e w



Figure 2.
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FIGH FREQUENLCY TITRATICN OF
PCLY-(MALEIC ANHYDFIDE CC STYRENE)

Accurately weighed (: 0.C001 fram) samples of approx-
imately C.1 gram of roly-(maleic anhydride co styrene)
were refluxed with absolute methanol until the copclyrer

dissolved. The following copclymer derivative was formedl4:
—cr—cE CH CH ——}F
) 2 ) )
/ c=¢  g=o
H ‘CH
C CcC 3

Fifteen nilliliters of 0.1CO0 N NaCH were added to the
product in order to form the sodiur =3lt of the half ester.
This was then titrated with 0.1CCO N HC1l. The titration
was followed with a pH reter and a high frequency ti-
14’15. The results are listed in Table II.

Figure 3 shows a rerrecentative curve.

trimeter

Calculation

EN
RE

eguivalent weight of raleic ankhydride moiety.

nunber of equivalents of cartoxylate grcups
from titration.
W = weight of sample in grams.

W) (NE

7 x 100 = rercent raleic ankydride moiety in

the poly-(maleic anhydride co

styrene).
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Tarle II

Composition cf Ccrolymer Sarples

Sample Experimertal Tercert Thecretical Fercent
Number ¥aleic Anhydride Moiety VNaleic Arkvdride Moiety
1E 47.5 48,5

-E 49,2 4.5

ZE 4¢.,1 48,5

4E 42,5 48.5

S50CCA 52.1 48,5

7COCA 52.5 48.5



Figure 3.
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INFRARED SFTECTRUN

An infrared spectrum was reccrded for a sanrple of
roly-(maleic antydride co styrene). A mineral oil mull
1 to 750 em.”
range and a Flurolute mull sample was used to record the
4000 cr.”t
are placed beside the spectrum (Figure 4 and 5).

sarple was erployed to record the 2000 cm. 1

to 1250 cm.-l range. The instrument settings



Figure 4,
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Figure 5.
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PREPARATICN CF 1C¥ MCLECULAR WEIGHT
FOLY-(MALEIC ANEYDRIDE CC STYRENE)

Tre corolymerizations of the raleic arhydride and
styrene were carried out in ground plass 250 milliliter
round bottom flasks. The flasks were equipped with mag-
retic stirrers, reflux condensers, and gas irlet tubes.
Approximately C.04 mole of each monomer was cdissolved
in about 100 milliliters of dimethoxyrethane. After
tl'e merorers had dissolved,the initiatcr was intrcduced and
the reaction allcwed to run at the boilinp terperature cof
diretroxyrethare (44°C.Y for 24 hours.

The reactions were nllcwed to ccol with censtarnt stir-
ring for 2 hcurs. After the ccoling veriod,the copolyrers
were filtered with suction and washed several *+ires with an-
bydrcus tenzene. Trey were finally dried in vacuo.

After dryineg tle ccorcelymers were wastel twice with hot
arbydrove tenzene and again dried in vacuo.

Benzeoyl reroxide wss uced as the iritiater in 211 thecse
volyrerizaticns with varying concentrations. The atmos-
phere in which the copolymerizations were run was pre-
purified nitrogen. A sumrmary of the various experiments
and the conditions under which they were carried out is
given in Table III.

Tre numbter average rolecuvlar weights of the poly-
(raleic antydride co styrere) were determined with a
Mechrolab Vapor Fressure Csuoneter. The deterrirnations
were rade in acetone sclvert. Tre results are piven in
Tatle III. Figure 5 slows a rerrecertative graph., A
garple calcvlation of a rolecular weighkt is given on page
11,
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Table TIIX
Experiwrertal Conciticrs and kolecular deight of
Low Nolecular Weight Foly-(raleic anhydride co styrene)

Percent Initiator

Sanmple Based on Totzal lloleculnar

Nurter Monomer wWeight Neictt
1E* C.4 %,54C
SE 0.8 <, R80
5F 1.3 18,750
7B 1.6 15,600

*

Tris copolyrer was preypared urder tre procedvre described
on rage 9 of this thesie,
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DISCUCSSICN

The purpose cf thic series cf exrerirents was to
determine, if posesible, the optinrur corditions uncer
which a lcw molecular weight copolyrer of nmaleic anhydride
and styrene cculd be prrerared. It was known from rre-
ceding work that a relatively low rolecuvlar weight co-
rolyrer of raleic anrydride and styrere could be rrepared
using dimethoxymethane as a solvent (See page 11 of this
theeis). OCn this btasis it was decided to use direthoxy-
methane as sclvent and vary the berzoyl peroxide in-
itiator concentration.

It can bte seen from Table III tkat the lowest role-
cular weight poly-(maleic anhydride co styrene) was ob-
tained from the copolyrerization utilizing 0.8 percent
initiator concentration. The copolymer prepared with
C.4 percent tenzoyl peroxide was also quite low. How-
ever, the two righest initiator concentrations yielded
tte bighest molecular weight ccpolymers.

Trere are two factors which inflvence the rolecular
weight of the corolymer. One of thecse is the rate of
initiation and the other factor is the rate of terminationle.
The faster termination takes place the lower the co-
polyvmer molecular weight will be. It aprears that
termination occurs fastecst when the initiator concen-
tration is between 0.4 and 0.8 percent.

Cn the cther hand, when the initiator concentration is
in the rarge of 1.3 to 1.5 percent the rate of termination
has decreased. Thie is indicated bty the coreciderably
hiprer rcolecular weights fournd in tris range. Cne rea-
sori for this behavicr may te that the free radical is

inccrporated in the polyrer buvlk and is prevented from



24

reacting with other free radicals becaucse of its restrict-
ed mobility. It does continue to react with monomer be-
cause there is a much higher concentration of monomer in
the system.
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SUCCINIC ANFYLRIDE
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TREATVERT CF SUCCINIC ANEYDRIDEZ IN ACETCNE WITE ANMCNIA

Tre reaction was carried cut in a S00 rilliliter thrree
neck flask with ground glass Jjoints.

The flask was equipped
with a reflux condenser, a mechanical stirrer, and a gas
inlet tube.

Three grams of succinic anhydride were dissolved in 300
milliliters of acetone’

After the succiric anhydride dis-

solved, ankydrous ammonia gas was passed into the solution
for five hours.

The reaction was carried out at room temperature with
continuous stirring and with no protection from light.

The white crystalline precipitate which resvlted was
filtered by suction anc washed three times with acetone.
The product was then dried in a vacuun desiccator.

After drying, the ammoria derivative of succiric anhycd-
ride was

subjected to a Soxhlet extraction with acetone for
22 rours arnd again dried in vacuc.

traction

The

The rroduct after ex-
and dryirg remained white and crystalline.

relting point of the extriacted and drieq(ammonia
treated cucciric arhydride was 1?9.500. The prcduct was
asgured to bte ammeniur succiramate produced by the following
reaction:

H=——CF H CHE
? 2 | 2 2NH C|; 2 |
0=C /c:-o 3 C—C ¢=0
o CNH NH

=
N

Tlhiis assurption was later shown to te correct (See page 30).

*®

~

Tre arroriaz d-rivative c¢f succiric arkydride prepared in
acetcne is earyle 1G.



TREATIVERT CF CUCCINLIC A'EYDHRITE IN TETRATYDRCrxUERAN
WNITH ALI'CNIA

The procednre follcwed in tlis evjperirent was eccent-
ially the seapre acs trat T“cr the treatrent of suvcciric ar-
Yydride in acetore with arncnia. The sclvent in this cacze
wae tetrahydrofuran®* anc: this recacticn and the rroduct were
rrotected from light at 211 tirmes., The reaction wis allcved
to run for 4 hours.

after filtering by vacuur and washing with tetralydro-
furan three tires the product was dried in vacuo and then
extracted with tetratydrofuran in a Soxhlet extractor for
26 hours. After extraction it was again dried in vacuo.

After extraction and dryirg the product was white and
had a melting point cf r2.5°C. Tre product was assured to
be ammonium succinamate formed by the following reaction:

CHg————
e
0=¢C c=< Hz o o=c¢ . c=0
\o/ - i Im
Hy 2

This assumption was later yproven tc be ccrrect (Seé page 30).

* The amroria derivative of succiric ankydride prepared in
tetrahydrofuran is sample 2G.
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TOTAL NITRPCGEN ANALYSIS CF TEE ANVCNIA DERIVATIVES CF
SUCCINIC ANHYDRIDE

The Kjeldahl method was employed to determine the
percert total nitrogen in an accurately weighed (t 0.0001
gram) sample of amronium succinamate of aprroximately C.l
gram17.

All attempts to determine armmonium nitrogen by titration
of ammonia liberated from the ammonium salt by a strong base
resulted in the hydrolysis of the amide and gave values for

total nitrogen in the ammcnium succinamate.

Calculations

2

equivalent weight of nitrogen.

g
1]

nurber of equivalents of ammonia determined by
titration.
weight in grams of the original sarrle,

EW WNE x 100 = percent total nitrogen in sample.

=
n



N
0

Torle IV
Percent Total Nitrcegen in Ammcenium Succinamate
b:r the Kjeldahl Nethod

Thecretical

-2 rq

amrle Fercent Total Percent Totzl
‘urmber Nitrcgen Nitrcgen
15 1¢.8 20.2
G 12.4 2C.5
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SYNTHESIS OF SUCCIKNAMIC ACID FRCNM
ANMONIA TRIATED SUCCINIC ANMEYDEIDE

A sample of ammonia treated succinic ankydride was
dissolved in distilled water. An excess of a 5 rercent
silver nitrate solution was added to the dissoclved ammoria
derivative of succinic anhydride and a white yrecipitate
was imrmediately forred. The precipitate was filtered by
suction, washed with distilled water three times, and dried
in wvacuo.

The dry white precipitate was treated with an aqueous
solution of HZS' The black-brown precipitate which was
formed in the reaction was removed by suction filtration.

The filtrate was evaporated on a steam bath under
vacuum. The colorless crystals remaining after all the
water had evaporated were recrystallized three times from
an acetone-ether mixture.

If the ammonia derivative of succinic ankydride were
amrmcnium succinamate, the above procedure should yield
succinamic acid as the final productlB. The melting point
of the recrystallized product was 156-157°C. which agrees
with the known melting point of succinamic acid™ .

The following reactions occured in the above

procedure:

(fz e . (la—fH 4§ (R
0=—¢C —O0 Ag 0=—C c=c 28 o0=¢C c=o0

| | — [ | — | I

ONH4 N‘H2 OAg NH2 CH NH2



HIGH FREQUENCY TITRATICRS CF AVNCNIUY SUCCINALATE

To 1 repare the arnrenia treated succiric artydrile for
Lish frcauenecy titration ar accvrately weipelield canple

(+ C.coC1 grar.) of aprroxinatel; C.1 gra. was i

distilled water. Thie wac *hen dircctly titrated with
C,1C000 M ¥PC1l, Tre titraticn was fcllowed with a2 riglh frec-
vercy titrireter and & Bochvion glacss electrode vH meter,

A titraticn curve 1is shown in Fignre 7. Tlhe resulte are

stowr in Tatle V,

Calculiticens

EV = eauvivalent wveight of nitrogen.

FE = ruvrter cf eguivalerts cf arronivm icn precent as
deternined by the titration of the cartoxylate
greun (Figure 7).

W = weight in grars cf sarple.
E4 N“E x 1CC = percent ammonium nitrogen as deter-

mined by bhigh freguency titration.

Table V
Tercent Armoniur Nitrogen in Armcrnium Succinarate by
High Frequency Titration

Sample Exrerirental Fercert Trheoretical Percent
Number Armonium Nitrogen Arronium Nitrogen
1G .18 10.4

2G c.ea 10.4
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COLCRINETRIC DETLERNINATICN CF ANMCNIUM NITRCGEN IN
ANNONIA TREATED SUCCINIC AINEYTRIDE

A standard solution of armoniur chloride was prepared
bty quantitatively dissolving an appropriate weighed amount
in ammonia free water to give a solution containing 6.4x10‘6
equivalents of ammonium ion per liter.

The samples were prepared by discsclving an accurately
weighed saryle (+ 0.00C1 pram) of approxirately 0.1 gram
cf armonia treated succinic anhydride quantitatively in
1C0.0 milliliters of amronia free water.

Cne milliliter of this eolution was then diluted with
arrornia free water to 50.0 milliliters and treated with 5.0
rilliliters of Nessler's Rea, crit* (Prerared by the Koek and
Feckin Nethod ) and 2llowed to stand for 15 rminutes. Tre
sare treatmenz was piven to 50,0 milliliters cof the starcd-

ard solutioni’.

Tre tranerittance ¢f tle sclutions was tler deterrined
cn a Bavech and Iort Spectroric 20 Cclerirecter at a wave-
- . 1¢
lergth cf 5CC ricrons™ ",

Calculaticns

If colerireter experirents ntilive ritcered celle, the
care solvent, tecnperature, ard viavelergithr for all samrles
and the etandard solution, then the folleowing relatiorship
is true:

¢c =K log 1/T
where ¢ is some coricentraticn terrr for the cclored sub-

stance, K is a corstant, and T is the trarsrittance.

* Kindly furnicred by Dr. Earns Lillevik,

T e
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Since a ig corestart in all casecs the fcllowing re-

17

lationshkip is truve™ ':

ibseript € rofers tc the standard eclution

log 1/T_ leg l/Tx

Ce °x

rnd sub-

a
refers to the cample. Duta and rosvlitis are shown

fclloving is the rethcd for calculatirg tle percert

armoninm ritroger from transrittances

Fal

cy = equivalents/liter c¢f armorium ritrcgen frow
trarsrittance.

¥W = equivzlent weight cf ritrcpgen.

W = weight of carple in grars.

(E4) (e )(5.0)
€D) x 10C = percent ammonium nitrogen.

Table VI

Tercert Armonium Nitrogen in Arrorium Succiramate

by Colcrimetry

Experirental
Equivalernts of Percent
Sample Armonium Nitrogen Ammonium
Nurber Transmittance Fer Liter Nitrogen
Standard .526 6.4 x 10—6
16 .265 13.2 x 107° 8.9
26 .270 13.C x 107° 8,73

The thecreticzl percent armonium nitrogen for ammonium

succinamate is 10.4 percent.

e ra e e Thae ~ wmas—.

[ VRPN

——o

Voo,



35
INFRARED SFECTRA

Infrared spectra were recorded for samples of succinic
anhydride and amronium succiramate. A mineral oil mull
sample was employed to record the 2000 cm.—1 to 750 cm.
range and a Flurolube null sarple was used to record the
4000 cm.-l to 1250 cm,"l range. The instrument settings £
are rlaced beside the spectra (Figures 8 and 9).

1

JRS——
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DISCUSSION

Reacting succinic anhydride with dilute aqueous ammonia

yvields ammeonium succinamate fror which it is possible to

. . < a1
prepare succinamic acid 8.

Since it was suspected that the product which resulted e

from reacting succinic anhydride and gaseous amronia in an
anhydrous medium was ammonium succinamate the preparation
of succinamic acid from this product was attempted. The
colorless crystals which resulted had a melting point of :
156-15700. The melting point of succinamic acid is 15700.18. \

It was concluded from this that the product which re- ;
sults from treating succinic anhydride with gaseous ammoria

is amronium succinamate.

Q=0

H, NO C CH2 CH2 NH2

Kjelcdahl analyeis for total nitrogen gave 19.8 percent
nitrogen on the sample prepared in acetcne and 18.4 percent
nitrogen for the sample prepared in tetrahydrofuran. The
theoretical percent total nitrogen is 20.9 percent (Table IV).

Colorimetric determination of percent ammonium nit-
roren yielded 8.90 percent and 8.78 percent (Table VI),
The theoretical percent amronivr nitrogen is 10.4 percent.
The nrethod is relatively straightforward with compounds
which dissolve to form colorless solutions. However,
some of the ammonia treated copolymers form solutions that
vary from yellow to trown. This color would cause diff-
iculties in applyirg a colorimetric method to the ammon-
iated copolyrers.

The high freqguency titration of the samples gave a
curve with one break (Fipure 7). If we assume that this

oy

‘
L.
jr T T
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brealk is the titration of the cartoxylate group then we
can calculate the percert arrorium nitrogen. The percent
armonium nitrecren calculated from the high frequency
titration curves is 9.18 percent and 9.89 percent. The
theoretical percent amronium nitroyen is 10.4 percent
(Table V). From these results it can te seen that high
frequency titration is an acceptable rethod for deter- i
mining percert ammoniunm nitroeen in armonia treated an- !
hydrides.

Ve .
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ANNCNIA TREATMENT CF THE CCFOLYMERS OF
MALEIC ANEYDRIDE AND STYRENE
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FREFARATICN CF TEE AMMONIA DERIVATIVES CF

FCLY-(MALEIC ANHYDRIDE CO S1YKENE)

11

A 10 percent (weight/volume) solution of poly-(raleic

anhydride co styrene) in an anhydrous solvent was placed in

a three neck round bottom flask fitted with a mechanical

stirrer, a reflux condenser, and a gas inlet tube.

Anhydrous armonia gas was passed into the solution with

continuous stirring.

In all cases the reaction was carricd

out at room temperature.

A surmary of the various experiments and the conditions

of each are given in Table VII.

Table VII
Experimental Conditions for the Ammonia Treatment of

Poly-(maleic anhydride co styrene)

Sample
Number Reactant
1M+ Resin 700CA
Bl Resin 5000A
4z Resin 7000A
5M 1E

oM 2E

7M 2E

Em 4E

Frotected
From Light Solvent
No Acetone
Yes Acetone
Yes Acetone
Yes Acetone
Yes Acetone
Yes Tetrahydrofuran
No Tetrahydrofuran

Reaction
Time — Hours

48
6

)

In all experiments a white gelatinous precipitate re-

sulted.

This precipitate was separated from the solvent by

centrifugation and decantation of the supernatent solvent.

The precipitate was repeatedly washed in the centrifuge

* The decignation M in the sarple number indicates
ammonia derivatives of poly-(maleic anhydride co styrene).

I B - b ———
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tube and separated from the wash solvent by centrifugation.
The white gelatinous precipitate was then dried in vacuo.
After drying it was subjected to Soxhlet extraction for 24
hours with the same kind of solvent in which it had been pre-
pared. The extracted product was dried in vacuo.

In all the experiments the product recovered following
centrifuging was a white gelatinous substance. However, the
products prepared in acetone turned brown during vacuum dry-
ing. The darkest product was obtained from experiment 1M
which was exposed to light.

The two experiments carried out in tetrahydrofuran
yielded final products considerably lighter in color than
any of thoee prepared in acetore. The reaction in tetra-
hydrofuran which wae rrotected from light gave a perfectly
white product while the experiment not protected from
light yielded a substance which was slightly yellow. The
latter was considerably lighter than any prepared in ace-
tone.

Soxhlet extraction removed some of the colored sub-
stances from all the colored products but even after ex-
traction considerable color remained.




43
THE EFFECT CF EXTHACTICN CN THE NITRCGEN CONTIENT

Since Soxhlet extraction reroved colored products from
the amronia derivatives of poly-(maleic anhydride co styrene),
the effect of the extraction on the total nitropen content
of the unextracted derivatives was deterrined.

The percent total nitrogen was determined by the
Kjeldahl method or an accurately weighed (+ 0.0001 gram)
sarple of approximately 0.1 graml7.

The percent total nitrogen was determined on a sample
tefore extraction, after extraction for 24 hours, and
after extraction for 48 hours. The results are given in
Table VIII.

Table VIII
The Effect of Extraction on the Nitrogen Corntent

Fercent Total Percent Total Percent Total
Sample Nitrogen Nitrogen Nitrogen
Nurber Before Extraction After 24 Hours After 48 Hours
3M 7.79 6.54 6.59
4N 7.85 6.50 6.62

It can be gceen frcm the results in Table VIII that ex-
traction does remove some nitrogen-containing substances
and the ammonia derivatives of poly-(maleic anhycéride co
styrene) reach a constant nitrcgen content at least after

Soxhlet extraction for 24 hours.
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BY-TRCDUCTS FRCM ALLCNIA TRIATLENT CF AaCETCNE

Gaseous anhydrous arronia was passed into acetcne in
ar atterpt to see if the colored rroducts formed during the
ammonia treatment of the copolymers were due to the acetone
reacting with the ammonia.

Three hundred rilliliters of acetone were placed in a
ground glass, three neck, round bottom, 5C0 milliliter flask
equipped with a reflux condensor, a recharical stirrer,
and a gas inlet tube. Gaseous anhydrous amrmcria was pacss-
ed through the acetcne for 6 rours with constant stirring.

There waes ro observable reaction or change of color.

b e e e e s —— et —— -
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TOTAL NITHCGEN DETERMINATICN CF ANMCNIA TREATED
CCFCLYI'ERS (CF NALRIC ANEYDRIDE AND STYRENE

The total yercent nitrogen in the ammenia derivatives
of poly-(maleic anhydride co styrene) was determined by the
Kjeldahl method using an accurately weighed (+ 0.0001 gram)
sample of approximately 0.1 g*raml’?. The results are shown
in Table IX. ’
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BIGH FREQUEKCY TITEATICKS CF ANMCNIA TRFATED
FCLY-(MAIEIC ANHYDRIDE CC STYRENE)

Previous experiments showed that high freguency ti-
trations are a valid method for analyzing the percent am-
ronium nitrogen in the ammonium succinamate (See page 31
vide infra). Therefore, it was concluded that this
rethod could be used to determine the percent ammonium
nitrogen in the arronia derivatives of poly-(maleic anhyd-
ride co styrene).

Accurately weighed (i 0.0001 grar) sarples of approx-
imately O.1 grams of the ammonia derivatives were dissolved
in distilled water. The diseclved samples were titrated
directly with 0.1000 N HCl. Tke titration was followed with
a high frequency titrimeter and a Beckman g£lass electrode
PH meter. The method of calculation for percent ammonium
nitrogen is given on page 31, A typical titration curve
ie cshown in Figure 10. The results are given in Table IX.

Table IX
Percent Total Nitrogen and Percent Amronium Nitrogen
in Ammonia Derivatives of Foly-(maleic anhydride co styrene)

Percent Theoretical Percent Theoretical

Sample Total Percent Total Armonium Percent Ammonium
Number Nitrogen Nitrogen Nitrogen Nitrogen

1M 4,96 11.9 2.77 .95

3M 5.54 11.¢ 2.72 5.2

4y 6.50 11.9 2.73 5.%5

SM 4.59 11.9 3.39 5.95

6M 4.80 11.9 3.04 5.95

7M 5.50 11.9 2.91 5.95
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MOLECULAR WEIGETS OF THE ALNMONIA TERIVATIVIE OF
FCLY-(MALEIC ANEYDRIDE CC STYRENE)

The molecular weigkts of the armonia derivatives of
roly-(maleic arhydride co styrene) were determined using a
Mechrolab Vapor Pressure Osmometer. The determirations were
carried out in water solution. A sarple calculation of
molecular weight is shown on page 11. A typical curve is
skown in Figure 11 and the results are listed in Table X.

Table X
Molecular Weigkts of the Ammonia Derivatives of
Poly-(maleic anhydride co styrene)
Number Average Number Average Molecular

Sample Nolecular Weight of Weipght of Copolymer from which
Number Armonia Derivative Armonia Derivative Was Frepared

4N 1,100 12,900
SM 1,640 5,540
7Y 835 ©,200

eM 1,390 6,640
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INFRARED SPECTRA

Infrared spectra were recorded for the samples of the
armonia derivatives of the poly-(maleic anhydride co
styrene). A rineral oil mull sample was emrloyed to record
the 2000 cm. ™t
sample was used to record the 4C00 cm.

to 750 cm. 1 range and a Flurolube mull
1 to 1250 cm.”t
range.

Since the infrared spectra for the amronia derivatives
of the copolymer were, qualitatively speaking, identical
a representative spectrum is illustrated in Figures 12 and
13, The instrument settings are placed beside the spectra.
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DISCUEEICN

The color which was formed when the poly-(maleic an-
hydride co styrene) was reacted with gaseous ammonia in ace-
tene could be due to the reaction of the acetone with am-
monia. Amronia reacts with ketones to forr imines,
which are stable only in solution and form trirers or rore

cormplex mclecvles when their isclation is attemptedeo.
CH3 gt CH5
>C=0 + NHg > B0 4 SC=NE-— >trimer
CH? CH3

The acid which is required to catalyze the fcrmation of the
irine could very well have come from acid impurities in the
anhydride copolymergl.

The color is probably due to the forration cf corplex
rolecules which are formed wren the solvent is removed by
drying,since the color does not appear to any ereat degree
until the amronia derivative is dried. Since the color was
more intense when the reaction was exposed to light, it leads
one to believe that the formation of these colored products
is enhanced by light.

The fact that ammonia derivatives prepared in tetra-
hydrofuran were white suprocrts the argument that the form-
ation of thecse colored substances is characteristic of a
reaction involving acetone.

Since these colored by-products contain nitrogen if
they originate from imines,it would be expected that the
total ritrogen content of the armonia derivative would de-
crease when some of the colored by-products are reroved by
Soxhlet extraction. This was found to be the case (See
page 43).

Because this thesis was concerned prirmarily with
developing a technique for preparing the ammonia derivatives



of poly-(maleic anhvdride co styrene) and not investipating
the reaction of acetone with ammonia to form imines and
other corplex roclecules no further study on the corposition
of the colored matter was carried out.

A 100 percenrt reaction of tre coroclymer to form the
half armonium salt half aride would yield a troduct which
would bave a total ritrogen content c¢f 11.9 rercent. None
of the poly-(maleic anhydride co styrene) whrich was treat-
ed with amronia had 11.9 percent total nitrogen.

Apparently not all the anhydride rirgs in thke copoly-
mer are available for reacticn with the ammonia at any
given tinme. This wonld aprear reascnatle =ince the vclyrmer
chains are vrobably coiled in scolutiorn and somre of the an-
hydride rings stereically protected fror the ammonia.

Cnce the gel rrecipitate begirs to form one would expect
that some of the antydride rings in the copolymrer would be
chielded by adjacent polymer rolecules.

If all the anhydride rings were available for reaction
with the armonia a precipitate shculd form alrost immediately
becaucse of the electrolytic properties of the arrmornium =alt
part of the copolymer molecule. Fowever, preciritation
does not begin to occur until amroria has been passed into the
soluticon for at least 20 minutes.

There does arpear to be some correlation between the
length of time the copolymrer is reacted with gasecus am-
monia and the rercent total nitrogen. It can be seen from
Table VII and Tatle IX that the longer the gaseous amrcnia
was allowed to pass through the reaction mixture tke high-
er the percent total ritrogen in the product. The exception
to this was eample 1M. I wculd point cut that this part-

icular exyeriment was carried out while exposed to lifht



and a ccnsiderable arount cof colored material was formred

in the final rroduct. Tre sare corolymer (Resin 700CA) was
reacted with arronia while jrotected fror lieht (Sarple 4M).
In this case the rercert total ritrcren does correlate 'vith
tire of reaction.

In saryples SM and 6N there was a greater percent cof
armonium nitrogen than ncn ammcenium nitrogen (Total ni-
trogen - armmornium nitrogen = non armonium nitrogen).

Cne explaination of this may be that some hydrolysis of the
artydride ring to form the dicartoxylic acid took rlace
prior to the reaction with armonia.

The water which hydrolyzed the anrydride ring could
kave come from two sources. The first pcssibility is the

rcacticr cf acetone with avmoniago.
CH
5‘C—o v, B N —
The cecord pcessible sovrce of water wovld be from the con-
densation procducts of acetone22.
CH CH CH H
3 baee s i3 O
2 C=0C —35 CHxC-CH=~C=C— CHz-C=CH-C=0 + H.O
cis” Sl C ’ 2

The dicarboxylic acid then could have reacted with
armonia to form the diarmonium ealt.

CH-— CH — CH—CH— — CH——CH—
] H.O A=r~ Np— NH s S

= = 2 0=C C=0 5, 0=C C=0

0 é\o/c O =5 om mo” — “oNH, BND

Tre percent amrcnivm nitrcgen decreacsecs as the reaction
tire ircreases. A poseitle exrplaination for this behavior
o}
vould te the formation cf tre imide”.
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CH CH - (|3P ——<|3H— — (‘JP — (|3H —
! ! -H..0 _ __ _
= = =C C=0 0=¢C C=0 NH, OH
0 ? ? © —>2 > © I ] — \ / Ry
ONH, ONH, O,  NE, NH

Normally, however, these reactions to form the imide re-
cuire much higher temperatures than were attained under the
reaction conditions7’?2.

The reactione carried out in tetrahydrofuran yielded
armonia derivatives which had apprcoximately twice as much
rercent total nitrogen as tercent armonium nitreceen. This
would irdicate that the product is the half ammonium salt
half amide of poly-(maleic anhydride co styrene).

EZH CHy OZC/CH CH) —

“ONH E.N n
Sirce tetrahydrofuran is inert in the pr%sence ¢f gaseous

ammonia the possibility of water forming ty condensation

reactions is elirinated.

The abcence of the colcred substances and the reason-
able nitrogen analysis when the copolymer is reacted with
gaseous arronia in tetrakydrofuran indicates that the side
reactions occuring in acetone have been eliminated by the
use of tetrahydrofuran.

Molecular weights deterrined for the armronia derivatives
of the various samples cf poly-(maleic anhydride co styrene)
are concsiderably lower than the molecular weights of the
original copolymers. The reason for this may be that
fractionatior occuvrs. Fracticnation would occur if thre
forration of the armrmoniuvm salt takes place at the samre rate
regardless of the size of the molecule. If this is the
case,the low rolecular weight fracticn would acquire a
greater percentage of ionic character in a given time.
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Thus the low rolecular weight fractiorn wouvld preciritate
out first. Future work investigating the rolecvlar weight
of arrcnia derivatives precipitated in a piven tire inter-
val would be interesting (fee Table X).

The interpretation of the infrared spectrur of poly-
(raleic antydride co styrene) has been discussed by Curticee.
The infrared srectrun of pcly-(raleic anrydride co styrene)

See rage 17 of this thesis.) was ccrpared to the infrared
spectra of the arroria derivatives of the poly-(raleic an-
hvdride co styrere) (See page 49)23’24’25.

Three new bands were cbserved in tlre arrcnia derivatives
of the copolyvrer (Figures 12 and 13). A band at 1550 er. 1
can be attributed to asyrretrical stretching of the car-
boxylate grovp. A strcng absorption occured at 1650 cm.'l
which was éue to the C=0 in the prirary aride. TLkis band
ie refered to as the Armide I band. The third band arrear-
ed at 3150 cm.-l. This was a weak tand and not readily
cbservable in all the armonia derivatives. Thie abscrrtion
is assipried to toth the armecrium icr and rrirary arides.

A band at 1220 cp. ™2
the pely-(maleic ankydride co styrere) was completely elir-

due to the cyclic arhyéride in

inated in the srectra of the armonia derivatives cf thre
corolyrer. Two other bands which are due tc cyclic an-
kydrides were observed in thre spectra of the ammonia de-

1 ana 1850 em.”t. Since
none of the corolymers treated with gaceous amronia reacted

rivatives. These were at 1775 cm.

100 percent, it is to te expected that absorption due to
the anhydride ring would be presenrnt in the infrared spectra
of the armonia derivatives.

The spectra of the ammcnium succinarate (See page 35
and Figures 8 and 9) when compared to the spectrum of
succinic anhydride (See page 35 and Figures & and 9) also

revealed three new band525’24’25.




\1

As in the case of the armronia derivatives of the copolymrer
the bands occured at 1650 cm. T, 1550 cr.”l, and 3150 cm. .
These absorptions can be assigned to the primrary aride,
the cartoxylate ion, and the rrimary aride or arrcrnium icn
recrectively. All the characteristic cyclic artvdride
bande (1220 cm.-l, 1775 cm.‘l, ard 1£5C cm.-l) present in
the srectrum of succinic anhydride were not obeserved in
the spectrum of the ammonium succinarmates.

fince imides atsord in the care region as cyclic
anhydrides (1770 cm.”t to 1775 cn.-l) it was impossible
to draw any conclusions concerning the forration of irides
from the infrared spectra.



FaRT E

FCLYMALEIC ANLYDKIDE

\n

O



N
Q

FTREFARATICN CF FOLYVALEIC ANEYDRILE

The preparation c¢f polyraleic anktydride has been re-
portedl2. Tre horopeclymerization of naleic anhydride was
carried cut in a ground glass ¢5C rilliliter round botter
flasek equipped with a magnetic stirrer, a reflux condenser,
and a gas inlet tube.

Arproximately C.5 noles of maleic anhydride was die-
solved in 150 milliliters of tenzene and the polymerization
initiated with 5 percent benzcyl peroxide, based on the
weight of the monorer. The polymerization reaction was
continveé¢ for 64 hours under a continuous flow of prerur-
ified ritrogen gas.

After 15 to 20 minutes the solution turned a dark red
and then eventually almost black. The dark brown precipi-
tate which resulted was filtered by suction, washed with
berzere and then dried in vacuo.

The homopolymer was subjected to Soxhlet extraction
for 72 hours and dried again in vacuo.

The peclymerization was rereated with 150 milliliters
of 1-4 dioxane as the colvent. A dark brown precipitate

was formed in this case also.

After the Soxklet extraction and cdrying the horopoly-
rer prepared in benzene was ligkt brown and the horopolymer
prepared in dioxane was light pink.

Number average molecular weights determrired with the
Mechrclab Vapor Fressure Csmometer using acetone as a sol-
vent showed that thke polyraleic anhydride polymerized in
berzerne had a molecular weigcht of 1C50. The horopolyrer

prerared in dioxane had a roclecular weight of 6C1,



BEICE FREQUENCY TITKATICIy CF FCLYMALEIC ANEYDRIDE

1 Tre percent mraleic anhtydride in polyraleic arhydride
was deterrmined by accurately weighing (+ 0.C0C1 gram) a
sarple of approxirately 0.1 gram. This cample was ther re-

fluxed in abtsolute retharol until all the hcropolymer dies-

colved. The product formed by this esterificaticn isl4
r cH CH ]
0=¢C ?==O
]
CH OCH5 n

This was treated with 15.00 milliliters of C.100CHN
NaCH and titrated with C.1COON KECl. Tre titration was
followed with a Beckmran glass electroce tH meter and a

high frequency titrimeter14’15. Samrle calculations are
csfkown on page 14 and a typiczl titraticn curve ic shown

in Figure 14. The recults are given in Table XI.

Table XI
The Percert Maleic Anhydride Noiety in
Polyraleic Anbydride

Experimental Theoretical
Freparation Fercent Naleic Fercent kaleic
Samrple Solvent Anhydride Antvéride
Polyraleic Anhyvdride Dioxane c6.5 1C0.0

Folymaleic Anhydride Benzere ce.5 1C0.0
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AMMCNIA DFRIVATIVE CF PCLYLALEIC ANEYDRILE

Tre half arifde ralf arrconiuvm salt of tke polymaleic
acid was prerared by pascing ammcnia gas into a ten
rercert (weight/volure) soluvtion cf thie pclymaleic antydride
ig tetrahydrofuran.

The reaction was carried out in 2 25C mrilliliter grourd
glase, rcurc btcecttom flask equipred with a magnetic stirrer,
a reflux condenser, and a gas inlet tube. Thre reaction was
carried out at room terperature with constant protection
from light.

As scorn as the arronis pas was passed into the solution,
a dark trcwn preciritate was fcrrmed. After 5 hours, tke
reactior was stopred ard the crccolate trown rrecirpitate
was remcved by centrifugation. The cupernatent solvent was
discarcded and the precipitate was washed with tetrahyéro-
furan ir the centrifuge tube three times. After the last
washing and centrifugatiorythe precipitate was dried in vacuo.
The precipitate was still chocclate brown after drying.

Tre dried yroduct was thern eubtjected to Scxblet ex-
traction with tetralydrcfuran for 72 rovrs. The tetrakhydro-
furan rermained clear and ccleorless thrcughcut the extract-
ion. When tre extraction was corpleted, the product was
again éried under vacuur. The final dried product retain-
ed tre clccolate trowrn cclor.
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NITRCGEN ANALYSIS OF THE ANVMONIA DERIVATIVES CF
FOLYVALEIC ANFYDRIDE

The total nitrogen ccntent of the armonia derivatives
of polymaleic arhydride was determined by the Kjeldahl
methodl7.

The armonium nitrogen was determined by dissolving an
accurately weipghed (+ 0.COOl gram) sample of the ammonia
derivative of approximately C.l1 gram in distilled water.
The dissolved amronia derivative was then directly titrated
with 0.,1000 N HCl. The titraticn was followed with a high
frequency titrimeter and a pH meter. A typical curve is
shown in Figure 15 and the results are given in Table XII.
The method of calculation for the percent ammcnium nitrogen
is given on page 321,

Table XII
Fercent Total Nitrogen and Percent Ammonium Nitrogen
in the Amroria Derivatives of Polymaleic Ankydride

Percent Theoretical Percent Theoretical
Sample Total Fercent Total Amrmonium Fercent Ammonium
Number Nitrogen Nitrogen Nitrogen Nitrogen
O+ 17.2 20.9 8.67 10.5
10* 16.7 20.9 8.52 10.5

* The sarple number 9 designates the ammonia derivative of
the homopclymer prepared in dioxane and 10 refers to the
derivative of the homorolymer prepared in benzene.
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Figure 15.
High Frequency Titration of the Ammonia Derivative -
of Polymaleic Anhydride
Sample 10 -
ﬁ
Carboxylate o
‘S——group

.
-

] A 1 i L 1 i | ]
) o ° [=)
3 3 S & 3 b

Htj‘\\ F-rc',qu,eh-g;\.( _T‘;_'\*.Y'\w*t{-'\‘ D'\a\
, ~

4.0 b.0 8.0 /0.0 2.0 14.0 16.0
L
? yn\‘9.\

2.0

0,0

ST N LT

[IPEEN
;

\

Vo‘ume oA



“6
DISCUSSICH

The preparaticn of a horopclyrer of maleic artydride
has been repcrtedlg. The polyrerization of rsleic antydride
was attempted and the rrcducts whrick resulted were found to
tave high enough rolecular weights to shcw that the maleic
anhydride did polyrerize (See page 59)

Tre corposition of the pclymers was deterrined by high
frequency titration and found to te~100 percent maleic
anhydride moiety (See Table XI).

The homorolyrers c¢f maleic anhydride which were pre-
pared had relatively low molecular weights. This low
rolecular weightt may reflect the reluctance of the maleic
anhydride rconomrer to react with a free radical of similiar
structure26’97.

Tre amrmonia derivatives of the polyvmaleic antydride
were found to be half amroniur salte half amides (See Table
XII). Thre theoretical percent total nitrocen for a com-
plete reaction of the polyraleic arhydride with the gaceous
armonia is 2C.¢ percent. Neither of the two hcrmopolymers
which were reacted with pasecus amroria reacted corpletely.
Tre lower nolecular weight heororolyrer c¢f nmraleic arnbydride
tad a higher percentage of total rnitrcgen which may bve
due to greater accecsibility of the anhydricde ring in the

lower roleculzr weight romopolymer.



PART F

CCNCLUSICNS



6.

CCRCLUEICHEL

Relatively low molecular weight pocly-(maleic anhydride
co styrene) can be prepared in dimethoxymethane solvent
with 0.4 to 0.8 percert benzoyl reroxide initiator
corcentraticn.

The half amide half ammonium €alt can be prepared from
poly-(maleic antydride co styrene) in anhydrous
tetrahydrofuran by reacting the copolyrer with paceous

armonia.

High frequency titration is a valid methecd for the
deterrination of anrmorium nitrcgen in the arnoria
derivatives of the copolymer.

The armonia derivatives of the copolyrer can be charact-
erized by infrared spectra.

Folyraleic anhydricde can be rrepared in dioxane or
berzere using terzoyl reroxide initiator.

The half amide ralf armecrium salt can be prepared from
prclymaleic anhydride in anhydrous tetrahydrofuran
by reacting the homcrolyrer with gasecus arroria.
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