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INTRODUCTION

The literature is almost entirely lacking in any study
of the chemical properties of the copolymer of styrene and
maleic anhydride. As a part of a continuing investigation
in this 1aboratory1 the study hereir described was initiated
in an attempt to elucidate some of the chemical reactions of
the copolymer. Since many linear nolymers of high molecular
weight exhibit reactivity dependent upon functional groups
present in the polymer, this particular copolymer was inves-
tigated as to reactions typical of acid anhydrides. The
hydrolyzed form of the copolymer was investigated as to the
nroperties of an acid. 1In most cases attempts were made to

use standard analytical methods in identifying products.



EISTORICAL

One of the first studies of the copolymerization of maleic anhydride

ard styrene, as well as other ethylenic hydrocartons, is reported hy

™~

Yagner-Jaurezz“. He propcsed that the structural unit of the reaction

product of maleic anhydride with stilbhene was

CH-CH-CH-C¢H
\ /
‘c\(c=°
¢ 4

in which the two components were combined in equimoclar proportion. It
was also stated that berzalfluorere gave a procduct in which the ratio of
moriomer units was 1l:1 even thouzh the initial concentration of the reac-
ting monomers was varied. The addition of styrene to diethylmaleate, on
the other hand, was found to yizld a preoduct ir which the ratio of styrene
to ester was 5:1. This was further substantiated by Alfrey and Kerz3
and lMayo and his co-workerst who state that "for styrene-diethylmale-
ate, polymer compositions lay very close to polystyrene." The relative
unreactivity of diethylmaleate conmpared to maleic arhydride is explained
ty Alfrey who assures that while the ethylenic bond in the anhydride is
relatively exposed, the bond in diethylmaleate is protected from reaction
by the presence of bulky carboethoxy groups. Similar unreactive character
is erhibited to a somewhat lesser degree by diethylchloromaleate,
Derivatives of the copolywner which are described in the literature
5,657,8,9,10,11,12 are limited larzely to the monosodium salt and the
monoammonium salt. Directions for the preparation of a "partially esteri-
fied" copolymer are given in a U. S. patent6 and a Jerman patentlg.
Some esters of the copol mer have been preparedg’7:3 by the copolymeri-

zation of styrene with diallyl and divinyl esters of maleic acid. These,



however, do not correspond to esters which have been prepared by the
author. They represent another approach to the study of the derivatives
of the copolymer. It is interesting to note that the copolymerization

of styrene with the esters of fumaric acid is easily accomplishedh.



EXPERIMENTAL

REAGENTS:

Styrene: The inhitited Dow Chemical Company product was purified by
vacuum distillation and the fraction having an index of refraction of
1.54L at 20°C was used. In some cases it was stored for several weeks
at 59C before being used.

Maleic Anhydride: ZEastman Kodak maleic anhydride was used. Several

quantities of copolymer were prerared using anhydride which had been
purified by distillation and no differences were noted in the resulting
products.

Benzoyl Peroxide: Eastman Kodazk benzoyl peroxide was used without

purification.

Normal Amyl Alcohol: Normal amyl alcohol was purified by distillation

collecting the fraction 135-136°C at 7L6mm pressure.

Normal Butyl Alcohol: Normal butyl alcohol was purified by distillation

collecting the fraction 116-117.5°C at 758mm pressure.

Other Reagents: Commercially available C. P. grades were used.

PREPARATION OF THE COPOLYMER1O

The reaction vessel was a one liter three-neck, round becttom flask
with standard taper ground glass joints. It was fitted with a mechanical
stirrer, a gas inlet tube and an addition tube in which were placed a
thermometer and a reflux condenser. Twenty-six grams of styrene (0.25
mole), 2L.5g of maleic anhydride (0.25 mole) and 0.25g of benzoyl per-
oxide (0.2 mole percent) were placed in the flask with 700ml of benzene.

The mixture was stirred until dissolution was complete. The reaction



5
was carried out in a nitrogen atmosphere. The nitrogen used was first
bubbled through alkaline pyrogallol to remove traces of oxygen which
might inhibit the copclymerization and then introduced below the surface
of the reaction mixture. Feating was accomplished with an electric heat-
ing mantle to tring the benzene to reflux(80°C). Reflux was maintained
for two hours and the mixture was allowed to cool with stirring. The
copolymer was collected by filtration and washed six times with small
portions of benzene to remove polystyrene. The copolymer was air dried
overnight(12 hours) and then dried at 90°C for several days. Micro car-
bon-hydrogen determinations were made on the dry copolymer and the percent
carbon was found to be 72.11, 70.01, 71.38 and 71+20. The values for
hydrogen were 5.59, 5.07, L4.31 and 5.03 percent. The calculated percent-
age based on a structural unit containing one molecule of styrene to one

molecule of maleic anhydride is 71.3 for carbon and 4.93 for hydrogen.
DETERMINATION OF THE PERCENT ANHYDRIDE IN THE COPOLYMER13

A weighed sample of the copolymer was dissolved in acetone and the
solution was heated to ahout 25°C. Methyl alcohol was added in twice the
amount theoretically necessary to form the half ester of the copolymer.
This sample was titrated with approximately O.1N NaOH in methyl alcohol
using phenolphthalein as the indicator. A second weighed sample of the
copolymer was dissolved in acetone, heated to about 25°C and titrated to
the phenolphthalein end-point with approximately 0.1N aqueous NaOH. The
mole percent anhydride was calculated to be 91.2.

Sample calculation using 1.0g samples:



Sample 1 Sample 2
2(meq aq. base — meq alc. base)
meq age. base

Sample 1

Mole % anhydride

X 100

2(9.30meq - 5.33meq) X 100
9.20meq

91.2%

MOLECULAR WEIGHT DETERL‘INATIONH‘

Weighed samples of the copolymer were dissolved in acetone and the
resulting solution diluted to 100ml in a volumetric flask. These were
cooled to 20°C & 0.1 in a constant temperature water bath. Viscosity
measurements were made at the temperature of the bath with a Cannon-
Fenske Ostwald viscosimeter. The time of efflux was measured with an
electric timer. The relative viscosity,!?r , was determined by comparing
the time of efflux of the pure solvent with that of the copolymer

solution

Y] = time of efflux of the solution
Y time of efflux of the solvent

s o 5 Site- . , . . -.
pecific viscosit: ,({" , vas calculated from the relationship, VISP.‘IV ‘
Concentration was expressed in grams of solute per 10Cml of solution and
the values were calculated for YI" /C « A graph of I‘,s'/c versus C appears
below. The average weight of the copolymer was found to bz of the order
of 36,300. (See page 25 for a discussion of this method.)

VISCOSITY DATA

Grams of copolymer per 120wl 0.0517 0.2543 0.3912
Time of efflux in secs. 3647 L3.7 L6.3
qv 1.0302 1.197 1.31L
. L] L ] ,
Y‘sf’- 0.0302 0.197 0.214

Y‘sf/c. 0.535 0.738 0.304



Time of efflux of acetore 35.6 seconds
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SOLUEILITY OF THE COPOLYITF:

Solubility determinations on the copolymer were made in a qualitative
way to ascertain which solvents might logically be employed in the various
preparations. It was fcund that the conolymer was easily solutle in ace-
tone and methyl ethyl ketone; this was true of all the various forms of
the copolymer ard its derivatives except for the basic salts. Solubility
of the acid and anhydride forms of the copolymer was noted in basic sol-
vents snuch as pyridine and aqueous alkali. The solution in ajueous alkali
is undoubtedly due to the formation of the salts of the copolymer which
are soluble ir watere Some slight solubility of both the anhydride and
acid forms of the copolymer in alcohols, dioxane and water was apparant.
The acid form of the copolymer was appreciably soluble in water if moist,
but was difficultly soluble when dry.

In dealing with macromolecules of this type, insolubility is a
problem. Often lack of ;;action is confused with lack of solubility.

A polymer is said to he snlable in a given solvent if it swells after

several hours contact and goes into solution completely in a daye.



PREPARLTION OF SALTS FROM TYE COPOLZMERLL

In the course of other preparations it appeured necessary to prepare
salts of the copolymer. The sodium salt was prepared by treating the
copolymer with a calculated amount of aqueous NaQH based on a 1l:1 styrene-
maleic anhydride structural unit. It was isolated by pouring the dilute
aqueous solution of the copolymer salt into a relatively large volume of
acetone in which the sodium salt was insoluble. Vigorous stirring was
nececsary to prevent the formation of lumps of the salt in acetone. The
ammonium salt was prepared by dissolving the copclymer, g, in an excess,
100m1, concent;ated NHhOH. It was isolated by evaporating the resultirg
solution to drymesse. A Xjeldahl analysis for nitrogen gave 5.A2 and 5.37
percent compared to the value of 11.02 percent based on the structural
unit containing two ammonium ions. The result, therefore, of the treat-

ment with excess ammonim hydroxidie was the monoammonium salt,



PREPARATION OF TiT FREZ ACID FORY JOF T COFOLYMTR

The frze acid fora of the cooolymer was preoared in two ways:

Preparation A: The sodiuam or amrmoniam salt of the copolymer in water was

neutralized with reagent HZ1 in a Waring blandor, The result biny material
was washed extensively with water until no test for the C1” ion was ob-

tained from the washingse. The produst wus finely divided and was suitahle

'J-

for use withont zrindinz. ‘dhen the material was prepared using a mechani-

u
cal stirrer, lumps foramad daring the neutralization and grinding was re-
qaired hefore it co01ld be used in suhsejuent reactionse HNaterlal prenared

in this manner was also very difficult to dry.

Pronaration P: A dilute (approx. £2) solation of the copolvmer in acetone

was added slowly to a relatively large volume of water in a Waring blendor.
The acid copnolymer was washed with water to remove excess acetone.
Analysis of products:

¥ethod a: Carton-hydrogesn determinations were carried out on the products
from preparations A and Pe Percentages of carbon found on the products
from A were 65.92, 63.31 ard 65.69. Hydrogen percentages on the same
product were 5.47, L.62 and 5.76. The nroduct from B showed 6L.65 and
63.96 percent carton and 7.30 and 4.37 percent hydrogen. The calculated
values based on a 1:1 styrene-maleic acid structural unit are 65..5 per-
cent carbon and 5.5 percent hydrogen.

Method b: Determinations of the percent acid in the hydrolyzed copolymer
were made. Weizhed samples of the conolymer were dissolved in a measured
excess of aqueous alkali. The excess base was titrated with standard HC1
using phenolphthalein as the indicator. The percent acid copolymer was
calculated on the basis of the 1:1 structural unit. The values obtained

were 6.3 and !|R.6 percent.



11

ESTERIFICATION WITH METHYL ALCOHOL

The preparation of the methyl ester of the copolymer was attempted
in several ways:

Preparation A: In a 500ml three-neck, round bottom flask with ground

glass standard taper joints fitted with a condenser, mechanical stirrer
and a gas inlet tube below the surface of the liquid were placed 20g of
the copolymer and 250ml of absolute methyl alcohol. The alcohol was
heated to reflux while stirring and anhydrous HC1l was allowed to flow
through the system. After four hours of refluxing, a mass of polymer
separated and 100 ml of 2hsolute methyl zlcohol was added to effect dis=
solution. The peclymer again separated after several minutes. The mix-
ture was cooled and the polymer mass collected and dried at 100°C for 13
hours. The alcoholic solution in which the reaction had been carried
out was evaporated to dryness and no residue remained.

Preparation B: In a 500ml three-neck flask with ground glass standard

taper joints fitted with a mechanical stirrer, dropping funnel with a gas
inlet tube and a fractionating head were placed £z of the copolymer and
100ml of absolute methyl alcohole. Stirring was started; anhydrous HC1

was passed into the system and solution occurred rapidly. Distillate

was collected from the fractionating head and the volume was kept constant
by the addition of absolute methyl alcohol through the dropping funnel.
After four hours at reflux, a polymer mass separated. Enough dioxane-1,l
was added to dissolve the precipitate. Dioxane and absolute methyl al-
cohol were mixed in equal proportions and the mixture was added dropwise
to keep the volume constant. Refluxing was continued for 24 hours. The

solution was evaporated to dryness under vacuum. The solid product was
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dried in a vacuum oven at TO9C. Carbon-hydrogen determinations were
made on the dry product. It was found to contain 66..9, 66.45, and 66.3L
percent carbon and 6.07, 6.93 and 6.09 percent hydrogen. The calculated
values based on the completcly esterified 1:1 structural unit are 67.74

percent carbon and 6.45 percent hydrogen.

Preparation C: The copolymer, Sg, was dissolved in a large excess, 250ml,

of absolute methyl alcohol and refluxed for four hours after going into
solution. A solid was isolated by evaporating the solution to dryness.
It was allowed to dry overnight at 100°C. A carbon-hydrogen analysis on
the dry product showed 65.51, 63.89 and 65.30 percent carbon and T34,
L.73 and 5,00 percent hydrogen. The calculated values as stated above
are 67.7L percent carbon and 6.45 percent hydrogen.

Preparation D: The copolymer, Lg, which had been dried overnight under

vacuum was dissolved ir 100ml of absolute methyl alcohol. The absolute
alcohol was prepared by adding metallic sodium to commercial absolute
methyl alcohol and distilling the anhydrous alcohol directly into the
reaction vessel. Solution of the copolymer required about ten hours during
which time the mixture was stirred and heated to about, 509C. The reaction
mixture was protected from moisture with calcium chloride. The product

was isolated by evaporating the solution to dryness under vacuum. The
solid product was then dried overnight in a vacuum oven at 70°C. Carban-
hydrogen determinations on the product showed 67,31 and 67.53 percent
carbon and 6.70 and 6.79 percent hydrogen. Calculated values are 67.7.

percent carbon and 6.45 percent hydrogen.
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ESTERIFICATION WITH ETHYL ALCOHOL

The preparation of the ethyl ester of the copolymer was attempted in
two ways:

Preparation A: Four grams of the copolymer were dissolved in 100ml of

absolute ethyl alcohol which were distilled directly into the reaction
vessel from 200ml of absolute ethyl alcohol treated with 10g of sodium.

The reaction mixture was protected from moisture. Solution of the copoly-
mer was complete in 1 hours, being aided by continuous stirring and heat-
ing to about 50°C. A solid product was isolated by evaporating the alcohol
solution under vacuum. The product was then dried at 70°C in a vacuum
oven. Carbon-hydrogen determinations were made on the dry product and

the percentages were 66.50 and 66.01 for carbon and 8.69 and 7.98 for
hydrogen. The calculated values based on the completely esterified 1:1
structural unit are 67.13 percent carbon and 6.99 percent hydrogen.

Preparation B: Five grams of the acid copolymer were dissolved in 100ml

of purified dioxane22 (redistilled from sodium). Excess thionyl chloride,
20ml, was added dr;pwise to the solution which was protected from moisture.
After solution was complete an excess of absolute ethyl alcohol (200ml)

was addede A solid product was isolated by evaporating the solution under
vacuum. It was dried for several hours in the vacuum oven at 70°C. Car-
bon-hydrogen determinations on the dry product showed 66.53 and 66.7L

percent carbon and 7.07 and 7.35 percent hydrogen. The calculated values

as previously given are 67.13 percent carbon and 6.99 percent hydrogen.



ESTERIFICATION WITH NORMAL BUTYL ALCCHOL

In a 500ml three-neck, round bottom flask with ground glass standard
taper joints fitted with a mechanical stirrer, a fractionating head and
a dropping funnel with a gas inlet tube were placed S5g of the copolymer
and 100ml of redistilled n-butyl alcohsl. Stirrinz, heatinz and the
flow of anhydrous HC1l through the system were bezun and solution was
rapide Normal butyl alcohol was added dropwise and the volume was kept
constant by distilling off solvent. The mixture was refluxed for 24
hours. Vacuum distillation was used to isolate the product which was
then dried at 70°C in the vacuum oven. Carbon-hydrogzen determinations
or the dry product showed it to contain 66.79 and 66.87 percent carbon
and S.L4 and 6.32 percent hydrogen. The values calculated on the btasis
of the completely esterified 1:1 structural unit are 74.53 percent carton

and 8.70 percent hydrogen.
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ESTERIFICATION WITH NORVAL AMYL ALCOHOL

Preparation A: The copolymer, lg, was dissolved in 100 ml of redistilled

n-amyl alcohol. The solution was heated near its boiling point (about
110°C) for two hours after dissolution was comrlete. The product was
not isolated but was subjected to saponification in the alcohol solution.
(See page 21)

Preparaticn B: In a 500ml three-neck, round bottom flask with ground

glass standard taper joints fitted with a mechanical stirrer, a fractionat-
ing head and a dropping funnel with a gas inlet tube were placed 5g of
conolymer and 200ml of redistilled amyl alcohol. Stirring and heating

were begun and when dissolution was complete (about twenty minutes) a
stream of anhydrous hydrozen chloride was allowed to pass throuzh the
system. Reflux was maintained and the volume of solution kept constant

for 24 hours by balancinz distillation rate with the dropwise additibn

of alcohol. The solution was evaporated te dryness under vacuum. The
product was dried in a vacuum oven at 85°C overnight. The material from
this »nreparation was quite charred and was not subjected to carbon-hydro-

gen anelysis. (For saponification see page 21)
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YEACTION WITH THIONYL CHLORIDE

Prenaration A: In a 522ml round bottom flaskx with ground glass standard

taper joints fitted with a condenser were placed 10g of the acid form
of the copolymer and 75ml of thionyl chloride. The mixture was refluxed
for 2l hours and some swelling oczurred in the copolymer. Excess thionyl
chloride was removed under vacuum and the copolymer derivative stored in
a dessicator over NaQOH pellets. The acid chleoride wzs deconposed in a
Parr torh with sodium peroxide ancd potassium nitrate according to the

method of Lerp and Erodersonlé.

An analysis for chlorire was made nsing
the Volhard techniquell. The product was found to contain L.89 ard 2.25
percent chlorine. The calculated value tased on the 1:1 structurel urnit

contzining two chlorine ators per unit is 2%.7L percent,

Preparation B: The acid copolymer, 1lg, was dissolved in 1C0ml of dioxane-

1,4 in a 500ml round tottom flask with ground glass standard taper joint.
Twenty mi. of thionyvl chleride was added dropwise. The reaction mixture
was allowed to stard for six hours. Excecs thionyl chloride and solvent
vere remcved under vacuum, and the product was dried over NaOH pellets.
A Parr boub-Volhard chloride analysis showed 10.1:3 and 11.21 percent
chlorine.

Another preparation of the acid chloride was made using the sare

techniques It was used in the preparaticn of the ethyl ester (see page

13).
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PREPARATION OF THE AVIDT OF THE COPOLYIT:

Preraration A: The armorium salt was prepared as previously described.

It was subjected to baking at temreratures of from 120-135°C for periods
ranging up to 25 days in attempts to rearrange the salt to the amide.
Conciderable charring was roted even at the shorter periods and lower
temperatures. Hydrolysis of the products with cold ajueous NaQH gave a
test for ammonial5 in all cases. The acidified solution yielded a product
which gave no indication cf nitrogern by the Lassaigne16 test.

Preraration B: The product of tke treatment. of the copolymer with methyl

alcohnl) descrited in preparation A of that section was a2llowed to react
with 30ml of liquid ammonia. A high pressure bomh was used as the reac-
tion vessel and 8z cf the partially esterified material were used. The
temperature was raised to 120°C correspondirg to a pressure of 550 pounds
per square inch. The bomh was allowed to cool overnight, the reaction
products removed and the resulting polymer wes dried at 100°C for 2L hours
to elirinate excess ammronia. A qualitative test for nitrogen, the las-
saigne test, on the product was positive. Treatment with aqueous alkali
in the cold indicated the presence of ammoniaes The acidified alkaline
solution from the above test yielced a polymeric material which contained
no nitroger as indicated by the Lassaigne test.

Preparation C: The partially esterified material from prenaration 4 of

the esterification with methyl alcohol was treated with concertrated

NH),OH for three days. After evaporating the solution to dryness, tle
copolymer derivative was dried at 100°C overnight. A Kjeldahl aralysis
on the product showed 1.85 percent nitrogen. The calculated value is

12.8] percent nitrogen based on a 1:1 structural unit containing two

ammonium ions.
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PEACTICON WITH EYDRAZINE

The rartially esterified material prepared with methyl alechol as
described in preparation A was allowed to react with hydrazine hydrate.
¥ethyl alcohol was used as the solvent and l.Cg of the esterified material
and 0.5g of hydrazine hydrate were used. Very little solution of the
ester occurred and the mixture was allowed to go to dryness slowly on
the steam bath. The resulting product was slightly soluble in water.

A Kjeldahl analysis showed 8.lL0, 5.35, and 5.62 percent nitrogen. The
calculated value is 22.58 percent nitrogen for a 1:1 styrene-maleic acid

unit containing two hydrazide groups.
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POTENTIOMETRIC TITRATICHS

I. A potenticretric titration was made on succiric acid dissolved in
aqueous alkali. The acid, 1.1055g, wes dissolved in 200ml of water to
which had been added 21,50 meq. of NaCl. The pH meter used was the Cenco
Nodel 20945 with external standard glass electrode. Standard hydrochloric
acid was added from a buret and pH measurements were made at intervals.

DATA:

meq HEC1 pH meq HC1 pH
0 11.73 9.00 5.30
1.03 11.71 10.03 5.59

2.16 11.35 12.60 5.27

2.52 11,00  13.22 5.083
2.23 797 1L.0L L.99
3.06 Tel9 1L4.76 Le92
3.2l 726 16.57 L .60
3.60 6.99 13.00 L.LC
3.96 6.31  19.09 L.15
L.26 6.69  15.80 L.08
L.63 6.60 21.60 3.52
5.L0 6.27 23.L0 2.97
6.).3 6.13 25,20 2.70
7.92 5.94  23.%0 2.8

II. A weighed sample of the copolymer, 0.6230g, was dissolved in 50ml.
of 0.U4626N NaOH (23.13 meq.) by refluxing. The solution was diluted
to 200ml. and standard hydrochloric acid was added. The pH of the solu~-

tion was measured at intervals with a Cenco pH meter using an external
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standard glass electrode.

DATA:

meq. HC1
0
2.02
L. Ok
6.07
3.09
10.11
12.13
12.94
13.75
1L.56
15.37
16.18
16.53
16.93
17.35

PH
11.°2
11.4L7
11.22
11.2L
11.17
11.01
10.51
10.12

9.82

9.1

9.00

3.61

3.L3

3.13

7.78

meq. HC1
17.29
17.79
17.99
18.29
13.40
13.60
13.30
19.21
19.61
20,22
21.23
22,24
23.25
24426
26,29

pH
7.1k
T.03

.53
6.16
5.39
5..8
5.27
4.75
L.L3
L.09
3.73
3.23
2.60
2.30
1.95

20
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SAPCHIFICATION OF ESTERIFLIFD IATERIATS

Sapcnificzation of the esters was acconjlished in the same aleonhol
from which they were nresared. The alecoholic solution was neutralized
and a measured excess of the alcoholic base was added. The mixture was
refluxed for from 12 to L3 hours. DZxcess base was titratea with 0.1N
HC1l to the phznolphthalein end-point. Percent esterification was calcu-
lated from the amount of alkali consumed based on the theoreticzally com-
pletely esterified 1:1 structural unit.

Calrculations were made usinz the formula

Percent esterification = (meq. hase consumed) (mej. wt. of ester)
Saunple welght

X 100

A covolymer samnle completely esterified by ethyl alcohol would have a
molecular weigzht of 276 per unit and a sampla calculation on one ethyl

alcohol esterified product follows:

Percent esterification = (0.211) (0.133)
1.011L X 100

10.1%

The percent esterification was also annroximated from the carhon-

hydrogen analyses using the formnla

Percent ester = (72 found in ester - ) ecalzs for acid)
(5C cale for ester - iC calz for acid)

X 100

The accuracy of this empirisal method was checked and was found to
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vary by less than 17 in the case of the ethyl ester. A complete ethyl
ester of the hydrolyzed corolymer should contain 67.13 percent carton
and the hydrolyzed copolymer (free acid form) should contain 65.45 per-
cent carbon. A sample calculation for the ethyl ester from Preparation

A (pagze 13) follows:

7 ester = (66.26-65.L5) ¥ 100

fe~ ol
- L3.3%
TAELE I
Ester ¢ esterification % esterification
(by saponification) (by C-H analysis)

Methyl

Prep A 2.6 -

Prep B - L2.8

Prep C 3.6 0

Prep D - 99.1
Ethyl

Prep A 10.1 L3.3

Prep B - T0.7
Butyl - 15.2
Amyl

Prep A 6.4 -

Prep B 15.1 -
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DISCUSSION

I+t was originally assumed that the structural unit of the copolymer

of styrene and maleic anhydride was

CH —CH,- —CH -CH

l
é " s S )

which would agree with the work of Wagner—Jaureggz. Apparently the com-
position of the copolymer is a 1:1 molar ratio of the reactinrg monomersls2,
Preliminary work on the problem of chemical reactivity of the copolymer,
however, cast doubt on the accuracy of this assumption. The copolymer
did not behave as the anhydride of a typical dibasic acid. It could not
be titrated to indicate both cartoxyl groups and derivatives appeared

rot to form under the usual conditions. It seemed that either the ratio
of styrene to maleic anhydride units in the copolymer was not 1l:1 or that
formulation (1) was in error; it appeared that some other structure might
better describe the experimental results obtained. Both Garrettl and the
author noted the inability to neutralize the socdium salt of the copolymer
to the extent expected on the basis of two carboxyl groups per unit. For

this reason the structure

CH — CHy— CH CH

\
\\ C o f—o (2)
4 aH

was postulated to explain these facts more satisfactorily. Acsuming that
structure (2) was correct, the copolymer and its hydrolysis product should
be identical. It also should be possitle to detect the presence of car-

bonyl groups in the copolymer. It was shown by carbon-hydrogen analysis
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and a qualitative tecst for carbonyl greoups based on the method of Duke~

that structure (2) does not apply. While other formulations are, of

course, possible, results of these determirnations correspond to structure
(1) which upon hydrolysis gives (3)
' B

_—czH .._L.
| (
o=C C=2 (3)
| oH

oH
L -

Structures (1) and (3) are those used as the bases for calculations.

The method of Siegel and Yoranl3 for the determination of arhydrides
of dibasic acids in the presence of the acid was employed to help prove
that the copolymer contained primarily anhydride linkzzes when prepared
as described. While there is some doubt as to the applicability of this
method to the éopolymer, results obtained were those anticipated. It
was shown that the copolymer contaiﬁed about 91% anhydride which upon
hydrolysis yielded a copolymer which had only 505 of the expected acid
groups. This can be explained if it is possible to neutralize only one-
half of the carboxyl groupns in the hydrolyzed copolymer, or if one car-
boxyl per unit is in some way rendered inactive by reaction with some
other portion of the molecule. Since no satisfactory explanation of the
latter is possible at present, the former is assumed to be the case. It
appears that some sort of steric hindrance prevents the seccnd carboxyl
from reacting. Thus a hydrolyzed ccpolymer which contained carboxyl
groups resulting from a 1007 conversion of arnhydride grouvs would give
on titration the indication of only 507 of the carboxyl groups actually
present.

It has been reported by Bruckner and Kovacs20 that maleic anhydride

and compounds similar to styrene will undergo a Diels-ilder tyve conden-
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sation under the influence of heat and in the absence of a catalyst
which leads to the formation of compounds of low molecular wejght. If
Diels-Alder type compounds were formed doring conolymerization, they
would partially account for the relative unreactivity exhibited by the
ccpolymer. For this reason the average molecular weight of the copolymer

21 21

has been determined. The basic formula of Flory<+ and Houwink

(ql= KM™
was employed using the constants determined by Carter, Scott and Magatlh.
Carter et al, from their study of a series of rubbers, found that K was
5.02 X 107k and that the exponent a was 0.667 giving the equation the

form 0.667

Ml = s.oz %15t M
An average molecular weight of 35,300 was obtained for the copolymer
using these values with the intrinsic viscosity obtained by the graghical
method. The intrinsic viscosity,[}i], was obtained by extrapolating the
curve to the zero ordinate. This value corresponds to the value of
VISP/C at infinite dilution. Since no value for K or the exponent a
has been determined for the styrene-maleic anhydride copolyvmer, these
values of Carter et al were used artitrarily. However, a molecular
weight has bteen obtained which is renroducible and shculd be valuable in
helping to characterize the ccpolymer. It also serves the purpose of
indicating that the material heing investigated was indeed polymeric and
of relatively high molecular weight.

The original problem was to be an attemct to prepare the corres-

ponding polyamine
4 cu»-cn,_-c'ﬂ -C'H
NH, NH

(L)

L



26

from the copolymer. It was boped to accomplish this through the rear-
rangement of the amide. It was, therefore, necessary to prepare the
free acid form of the corolymer. This preparation, as shown in the
Experimental, could be accomnlished in either of two ways. The most
suitabls method was the precipitation of the acid fora from an acetone
solution with water. Material prepared in this way was easily dried and
was in a workabhle state.

The acid form of the copolymer was used to prepare an ammonium salt,
but it was found that the salt could be prepared as well from the copoly-
mer itself., The ammonium salt contained slightly less than 50% of the
calculated amount of nitrogen based on the 1:1 structural unit containinrg
two ammonium ions, and, hence, was probably the monoammonium salte. At-
tempts were made to rearrange the ammonium salt to the amide by the
elimination of water or ammonia by heat. Heating the ammonium salt even
at temperatures which caused the copolymer to char did not result in
significant amide formation. This conclusion was based on the Lassaigne
test for nitrogen on the product after it had been subjécted to hydrolysis
with cold aqueous NaQOH. In the light of later results, it would seem that
a quantitative determination of nitrogen in this product should have been
carried out.

The preparation of the amide of carboxylic acids through the acid
chloride is a standard procedure in preparative organic chemistry. In
this connection, an attempt was made to treat the acid copolymer with
an excess of thionyl chloridel5 to obtain the acid chloride. The free
acid form was insoluble in the thionyl chloride and this attempt produced
a material which contained only L% chlorine while the calculated value

is 28.7k4 percent based on the 1:1 structural unit containing two chlorine
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atoms per unit. An effort was made to circumvent the lack of reaction
dve to solubility difficulties by treating a dioxane solution of the
copolymer with thionyl chloride. A material was obtained which contained
about 11 percent chlorine. This corresponds to about LO percent acid
chloride formation. A product prepared in the same way was treated with
absolute ethyl alcohol and yielded an ester which was 70 percent esteri-
fied.

Anhydrides of dibasic acids when dissolved in alcohols yield the
half ester. This fact has been observed by Siegal and Moranl3 and others.
It, therefore, scemed reasonable that if the copolymer were dissolved in

absolute alcohols, the half ester of the copolymer

CH - CH:_—CH —CH
Oa'c ?—“ (S)
or< OH

would be formed. The ester represented by formulation (5) corresponds
to a 50 percent esterification of the copolymer containing alternating
units of styrene and maleic acid.

At the beginning of this investigation, attempts to study reactions
or products prepared in this manner resulted in failure. The treatment
of these materials with ammonia to form amides and treatment with hyd-
razine to form hydrazides did not give the expected results. However,
it is now apparent that while the reactions were not 100 percent complete,
some significant formation of the desired products was realized. Sapon-
ification of the esters prepared early in this investigation always indi-
cated very low esterification. It has since been shown that the sapon-
ification of these esters is at best unreliable.

While it is true that at first little esterification was accomplished
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by the dissolution of the copolymer in alcohols, it later became apparent
that the difficulty was due to the presence of traces of water. ihen the
esterification was attempted by dissolving the copolymer in alcohols in
systems protected from moisture ard using reazents free of water, a ma-
terial was obtained which was more than 50 percent esterified. Treat-
ment of the conolymer with anhydrous methyl alcohol yielded a product
which was shown to be about 927 esterified. Thils might be explained by
the fact that the reaction was carried out under anhydrous conditions
and that during the preparation the mixture was heated at 500C over a
period of 10 hours. A 70 percent esterification of the copolymer was
accomplished by treatment of its dioxare solution with thionyl chloride
and the subsequent addition of anhydrous ethyl alcohol. The high percent
esterification in both cases was probatly due to the arhydrous conditions.

The esterification of the copolymer was attempted with absolute
methyl alcohol using gaseous HC1l as the catalyst. Methyl alcohol and
dioxane (1l:1) was added in quantities necessary to keep the polymer in
solutione The mixture was refluxed for 2l hours removing a portion of
the distillate to keep the water concentration at a minimum. Carbon-
hydrozen determinations on the product showed that there was about 507
esterification. From this we conclude that while it is possible to
esterify the copolymer, the process is not spontaneous unless the water
concentration is essentially zero. It is apparent that traces of water
prevent esterification, probably in a manner similar to that observed in
the preparation of esters of the simple acids.

The product of the attempt to prepare the n-butyl ester of the
copolymer using forced conditions; i.e., usingz gaseous HC1l, etc. showed

about 15 percent esterification based on carbon-hydrogen determinations.



29
It appears that some effect is exerted by the size of the alcohol em-
ployed in esterification. The butyl ester as prepared was formed to
only one-third the extent of the methyl ester by the same method.

It was appareant in the preparation of the amyl ester by the same
technique that the reaction temperature with amryl alcohol as the solvent
was too high. There was consideratle charring in the product isolated
and the highest temperature employed was 130°C. No charring was noted
in the preparation of the butyl ester where the highast temperature
attained was 100°C, It would seem desirable, therefore, to use a solvent
carrier which would enable an esterification reaction to proceed at a
temperature not greater than 100°C. It is possible that pyridine would
te useful as a solvent in esterifications since it dissolves the copolymer,
but its use was not investipgated.

Some potentiometric titration curves cf the copolymer and succlinic
acid were determined. It was hoped that there might be some correlation
between the two. It can be seen from fizures 2 amdl 3, however, that the
effect of the substitvtion of the styrcne nicleus in the molecule changes
the characteristics of one of the carboxyls in the structurzl urit. This
was, irdeed, apparent from the standpoint of chemical r=activity. The
pH at wiiich the major break in the titration curve occurs is considerably
different, indicating the alteration of the rroverties of one carboxyl
groups 1t can also be seen from fipure 3 that phenolphthalein indicator
charges color at pH 7.3 which should mzke it a suitatle irdicator for
the titration of the copeolyner if no other effect irfliences its color
=, The use of this irdirator was guectioned by Garrett in the
titrationl of the reacting cogoclymerization mixture of styrene and

maleic anhkydride.
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It has Yecr nertioned previously that tre sazonification of esteri-

fied croducts was attenpted in this irvestization. This was done in an

effort to estaklish a quick and dependable method for the 1dc

of reaction rroducts., I can be seen from the data (page 22) that there
is 1little correlation tetweoen the results of calculations of percert

esterification frox saponification @#nd freom carbon-hydragen rercentages,

e

In fact, the percent esterification increases from methyl to anyl when
determired from saponification data while it decrezses when deterndined
by carben-hydrogen analyses. It must be concluded, therefore, that the
usual sapornification techniques for esters do not constitute an accurate
method for use with esters of the copolymer of styrene and maleic anhydride
In addition to the apparert inaccuracy, a lack of reproducibility of re-
sults was also noted. It is possiltle that this is due, in part, to the
inatility to obtuin prﬁducts in the sane physical states It is also
possible that at least some of the irconsistency noted may he due to the
indicator used. If this is the case, it should be pointed onut that a
method for the saporification of these copolymer esters might te worked
ount using another indicator.

One of the greatest difficulties encountered in this investization
vas the problem of solubility of the copolymer and resulting reaction
products. Acetcne w2s found to be the best solvent, but its reactivity
toward many reagents prohibits its use. It is probable, as stated he-
fore, that pyridine would make a useful solvent for reaction where acetore
can not be used. The pyridine employed, however, would have to be care-
fully dried. Sqall amounts of water will cause the polymeric materials
to separate from any but the basic solvents and interfere in such reactions

as ecsterificatione.
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There are several logical ontgrowths of the work vhich has teen done
in this investization. Since one of the createst difficvltics in this
study was a lack of solubility of the copolymer, it might he possible
to prepare copolymers of lower molecular weight and hence increase their
solubility ard use in future studies. These protably could rot te pre-
pared by the technique used in this work, but possitly could be prepared
ty other means of synthesis. If, for example, a product could be obtained
containirg one styrene unit and ore unit of maleic anhydride, it would
allow a detailed study of chemical reactivity without involving the same
sclubility difficulty. Even thouzh solubility was the paramoﬁnt obstacle
in this study, inportant data could be obtained regarding reactivity
which would apply to the hizh molecular weight polymers.

It also seems probaltle that a thorough study of the saponification
of the copolymer esters would presert an interesting problem. ¥hile it
has bteen shown that the usual techniques do not apply, it is possible
that the use of another indicater or different reaction conditions would
produce better results. Another extension of this problem would te the
preparation of such derivatives of the copolymer as the amide or the
hydrazide. The results ottained ty this author while promising are in-
conclusive.

A study of derivatives which would tetter lend themselves to aralysis
also seems in order. An examnle is the ester which might be prepared from
the copolymer with a halogen substituted alcohol. Such an ester could
easily be analyzed for halogen and would greatly facilitate the study
of the copolymer derivatives. The esters might be further studied by an
indirect approach. For example, the dibutyl ester might be prepared by

the copolymerization of styrene with dibutylmaleate. Some work has teen



done elong trese lines, tut 1t seens juite lrzdenuate,
Another proYlem which seerms pertinent to this invectizatior is the
study of a series 2 cozolymers of maleic anbydride with othier matlerials

airin

[

ck

con Jacid grouwrs. It would bte interesting to comiare tie rean-

tivity of a copolymer vith two cerboxyls per unit separzted by a hydro-

&

W

It

cerbon groupn (i.e., the copolymer used in trhie study) with 2 copelimer
in which there were thren, fanr or more carhtoxz;l grovuns serareted bty

the sane nucleus cr merely with a copolymer containing a continucus

ckein of pendant ecartexyl srovrs.
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COLCLUSIONS

Esters can be prepared from the styrene-maleic arhydride copolymer
by dissolving it in absolute alcohols under anhydrous conditions.
Esters can be prepared from the styrene-maleic arhydride copolymer
using the approgriate alcohol with arhydrous hydrogen chloride as
a catalyst.

The usual saponification technique as an analytical procedure is

not applicable to esters of the copolymer of styrene-maleic anhydride.

Additional evidence has been presented to support a 1:1 structure
of the styrene-maleic anhydride copolymers

The styrene-maleic anhydride copolymer prepared as described is a
macromolecule having an average molecular weight of the order of
36,000,

One-half of the carboxyl groups of the hydrolyzed strene-maleic
anhydride copolymer are more reactive than the other. An ammonium
salt and an acid chloride involving one-half of the cartoxyls have

been preparede.



11.

16.
17.

Q
Je

19.

3k

LITDTo.n CIT00

garrett, E. Re, Thesis, M. 5., Michizan Stete College (191%)
Vagrer=Javresz, T., FPer., 632, 3213 (1930C).
Alfrey, Te, and licrz, Eo., Folymer Bull., 1, 36 (15.5).

lewis, Fo, Wallire, C., Curnirgs, Ve, 3Briggs, E., and Mayo, F., J.
ir. Chem. Soc., 797, 1519 (15L3).
Zerta, J., and Coleman, G., U. S. 2,311,615, C. A., 37, LSC1 (1943).
Gerkart, H., and Paner, ¥., U. S. 2,320,71L, C. 4. 27, 67€5 (19L3;.
frition, ., Colerarn, C., and Zexta, J., U. S. 2,331, 263, C. A. 23,
1205 (1sLh).
Ueher, H., Zer. 7L5,301, C. 4. 1D, L97 (1°L6).

toops, W., end Staff, C., Us Se 2,375,960, C. A. 39, L2€3 (15L5).
D'Alelic, G., "Experimentzl Plastics and Synthetic Resins" Wiley,
1913, p. 113,
Guile, R., ard Huston, R., "A Revised Laboratory kurual of Synthetic
Plastics and resincus laterials", 19LL, p. 9.
Voss, A., and Dickhauser, E., U. S. 2,047,393,
Siegal, E., and lioran, M., Js Am. Chem. Soc., 69, 1L57 (19L7).
Carter, V., Scott, R., and Nagat, ¥., itid., €3, 1430 (19L6).
Shrirer, R., and Fusor, R., "Identification of Organic Compounds",
wiley, 1940, p. 71.

Ihid., p. 113.

Lemp, J., and Broderson, H., J. Am. Chem. Soc., 39, 2069 (1917).

Willard, H., and Furman, N., "Elementary Quantitative Analysis",
D. Van Nostrand, 1240, p. 135.

Duke’ F., Indo AL. Chemo, Analo udt, 16 110 (1'@ )



v
A°a%

20. Pruckner, V., and Kovice, Je., Jo Orz. Chem., 12, 641 (1548).

-

21. Houvirk, He, J. Prakt. Chem., 197, 15 (19L0); Flory, P., J. Am.

~
e
3
2
=
—-
n
e
=
o]
(@]
3

22. Fieser, L., "Ix

. . ~
gt canie Chemistra™, Heath, 1911, n. 343,



e i e e




3
ERCSE

<

547
3995

Byrne

216925

e i e






