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INTRODUCTION

8ince in recent years this laboratory has carried on a
study of the copolymer of styrene and malelc anhydridel'z.
an investigation of the styrene-itaconic anhydride copoly-
mer appeared to be desireable. This study 1s concerned
primarily with the preparation and properties of the co-
polymer of styrene and itaconic anhydride, but also in-
cludes a comparison of the properties of a new poly=-(ita-

conic anhydride co styrene) with the already investigated
poly-(maleic anhydride co styrene).



HISTORICAL

Styrene has been shown to be a useful monomer in many
copolymerizationsea'zb'a". Itaconlic anhydride also has
been used in various copolymerization recipec3 with castor
01l esters>3, methyl linoleatQBb, fatty acids and poly-
amines %, and a mixture of styrene and malelc ac1d9 « Re-
ports and patents 4,5,6,7,8,9 indicate itaconic acid has
been polymerized and copolymerized by several methods.

The 1literature contains a reportl® and many pg-
tents 11-27 on the copolymerization of many various esters
of itaconlic acid with several comonomers in binary and ter-
nary systems. This method of producing copolymer polyest-
ers 1s quite different from the preparation of polyesters
by the method of addition described in this thesis. Simi-
lar but quite different products often result when polymer
derivatives are prepared by chemical reactions of the co-
polymers as compared to copolymerization of monomers chosen
to yleld the same derived copolymer.

A United States patent3 indicates that styrene and 1it-
aconic anhydride have 5een copolymerized in water with a
persulfate catalyst, but the work described in this study
utilizes a different method of polymerization, 1i.e., solu-
tion polymerization with an organic peroxide catalyst. The

previously referred to patent was primarily concerned with

the effect of various polyelectrolytes when used in ferti-



lizer and soil conditioning compositions. An extensive
search of the literature revealed that no comprehensive
study of the copolymerization of itaconic anhydride and

styrene has been made.



EXPERIMENTAL
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PREPARATION OF THE COPOLYMERS OF STYRENE AND ITACONIC
ANHYDRIDE

The method used for the copolymerizations of styrene
and itaconino anhydride was similar to that used by Garrettl.
The reaction was carried out in a one liter three neck,
round bottom flask with standard taper ground glass joints.
It was fitted with a reflux condensger, a gas inlet tube and
a mechanical stirrer. In this reaction vessel styrene and
itaconic anhydride were copolymerized using a 0.466 mole of
total monomers and varying the relative monomer ratios.

The appropriate amount of itaconic anhydride, accurately
welghed, was placed im seven hundred milliliters of benzene.
The mixture was stirred with heating at the reflux tempera-
ture of benzene (80°C) te dissolve the itaconic amhydrids.
Nitrogen was introduced bemeath the surface of the benzene
by means ef the gas inlet tube. The nitrogen was allowed
te bubdble during the dissolution of the itacomic anhydride
and kept bubbling throughout the reaction so that a nitro-
gen atmosphere was maintainsd at all times. The resulting
solution of itaconic anhydride in benzene was hazy as the
anhydride 1is very slightly soluble. Ne longer than thirty
minutes was allowed for solution to take place. An accura?
tely welghed amount of styrene based on the amount of 1lta-

comnic anhydride te result im 0.466 mole of total monomers



was added simultaneously with 0.233g benzoyl peroxide. The
time was recorded. At intervals durimg the six or mere
hours reaction time samples were removed through the gas
inlet tube by means of a vacuum sampling device. When the
reaction appeared te be complete, heatimg was discontinued
and the reaction mixture was allowed to cool with stirrimg
for ome hour. The copolymer was cellected by filtering em
a Buchmer funnel and was washed about five times with het
benzene. It was air dried overnight and dried at 90°C fer
feur hours. Copolymerizations with monomer ratios of the
following were carried out: 1:1, 1:2, 2:1, 1:3, and 3:1,
styrene to itaconic anhydride.

Two portions of the copolymer resulting from using a
monomer ratio of 1l:1 were subjected to Soxhlet extraction
for 240 hours, one with benZene and the other with ether.
The copolymers from the reactions with other monomer ratios
were extracted similarly but with benzene only. After ex-
traction each was alr dried overnight and finally dried in
a drying pistol heated by refluxing sthyl alcohol and under
a vacuum of five millimeﬁers of mercury for six hours. Car-
bon-hydrogen determinations were made on the dry copolymers.
The results of Soxhlet extractions on Preparation I (1:1
mole ratio of reactants) are given in Table I. The data and
analysis of the copolymers from all preparations are tabula-

ted in Table II.



TABLE I
ANALYSIS OF THE POLYMER FROM PREPARATION I AFTER EXTRACTIONS
WITH ETHER AND WITH BENZENE

Preparation Reactant Extraction Percent Percent
Nuamber Ratlo Medium Carbon Hydrogen

I 1:1 Ether 69.88 553
Benzene 69.62 5¢55
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COPOLYMERIZATION RATE

The copolymerization rate was studied using a 0.466
mole of total monomers and a monomer ratio of 1:1. The re-
action was carried out in a one liter three neck, round
bottom flask with standard taper ground glass joints. The
flask was fitted with a reflux condenser, a gas inlet tube
and a mechanical stirrer. The reaction mixture was protec-
ted from moisture by a calcium chloride tube. The flask
was charged with seven hundred milliliters (615.2g) of ben-
zene and 26.1g of itaconic anhydride (0.233 mole). To dis-
solve the 1ltaconic anhydride the mixture was heated at the
reflux temperature of benzene (80°C) with stirring. The
reaction mixture was kept under a niltrogen atmosphere.
Thirty minutes was allowed for solution to take place.
Styrene, 24.2g, (0.233 mole) and 0.233g benzoyl pefoxide
(0.00096 mole) were then added and the time recorded. Im-
mediately a sample was removed through the gas inlet tube
by means of a vacuum sampling device. Several samples were
removed in this manner throughout the reaction. These sam-~
Ples were withdrawn into tared flasks and immediately
chilled. The copolymer wae obtained by filtering through
welghed Gooch crucibles and washing with five portions of
hot benzene. Crucibles and copolymer were dried at 90°C
for twenty hours. They were then cooled and weighed.

The percent polymerization was calculated from the

10
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weight of precipitated polymer and the results are collected
in Table III and plotted in Figure I. Considering the "re-

actant”" to be a unit comprised of styrene and itaconic an-

hydride,e.g.,
[ 4 4 ]
—é_c—(‘:—/c\
H HONH
HOH H""‘C. e
H 0—C=0 |

and utllizing the data in Table III, the molar concentration
of the "reactant" was calculated for any given time 1n se-
conds. These values as well as the logarithms are collect-
ed in Table IV. The data in Table IV was plotted in Fi-
gure II with the logarithm of the molar concentration of
"reactant” as the ordinate and the time as the absclesa.

Methods of calculation are included in the respective tables.



TABLE III

PERCENT POLYMEKIZATION AS DETERMINED BY AMOUNT OF

Sample Time in
minutes

1

5
19
38
184
233
330
540

H I @ = B U a w »

1320

PRECIPITATED POLYMER

Sample
welightg

33.12
38.25
23.09
28.37
27.92
7.10
T35
T7.64
8.532

Polymer
Welghtg

0.069
0.092
0.099
0.256
1.265
0.358
0.424
0.494
0.594

Total Weight of Reaction Mixture:

Total Weilght of Monomers:

Percent Monomers in Mixture:

Weight of Monomers in Sample

Percent
Polymerization

2.57
3,18
5.67
11.94
59.97
66.73
76.35
85.60
92.16

665.73g
50.3g
7.55%

= Weight of Sample x Percent

. Monomers in Mixture.

Percent Polymerization = Weight of Polymer / Weight of

Monomers 1ir. Sample.

12
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TABLE IV
EVALUATION OF REACTION RATE CONSTANT

Sample Time, . Mole of Molar con- log
seconds reactant ggnﬁig:tg:nt” ("reactant")
_ 0 0.2323 0.3318 - - 4792
A 60 ( See Note )
B 300 0.2249 0.3215 -.4928
c 1,140 0.2193 0.3128 =-«5047
D 2,280 0,2048 0.2925 -.5339
E 11,040 0.0932 0.0137 -.8633
F 13,980 0.0774 0.0110 -.9586
G 19,800 0.0552 0.0079 -1.1024
H 32,400  0.0335 0.0047 -1.3279
I 79,200 0.0182 0.0026 -1.5850

Molecular weight styrene-itaconioc anhydride unit =216.22
Initial weight of monomers = 50.3

100% - € polymerization = % "reactant"

% "reactant" ¢ initial weight / 216.22 - moles of "reactant"
Moles of "reactant" / 0.7 liter = molar concentration of .

"peactant"

Note: Sample A was found to be itaconic anhydride by melte
ing point determination and was not included in con-

sideration of the data.
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16
EVALUATION OF MONOMER RiACTIVITY RATIOS

The evaluation of monomer reactivity ratios was accom-
Plished using the same method for carrying out the polymeri-
zation in the previous preparation but stopping the reaction
at about four percent polymerization. A solution compris-
ing 0.233 mole of total monomers, 307.6g of benzene, and
O.1166g benzoyl peroxide was placed in a five hundred milll-
liter round bottom, three neck flask. The flask was fltted
with a reflux condenser, stirrer, and a gas inlet tube, all
with ground glass jJoints. The reaction was carried out un-
der a nitrogen atmosphere. It was kept at the reflux tem-
Perature of benzene, 80°C by means of a heating mantle.
When the percent polymerization was coneldered to be approx-
imately four percent, as determined visually by amount of
Precipitation, the contents of the flask were transferred
to a large test tube immersed in a dry 1ce-acetone bath.
The copolymer was 1solated by vacuum filtration and was
washed with several portions of hot benzene. The residue
was air dried overnight and at 90°C for two hours, then
Welghed to calculate the approximate percent polymerization.
The copolymer was then subjected to Soxhlet extraction with
benzene for 240 hours. It was dried in air for four hours
and at 9o°c for twelve hours. Carbon-hydrogen analyels

gave the mole percent of itaconic anhydride in the copolymere.
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( See Tat;l'e V ). Figure 1II is a graph of the composition
of the increment of copolymer formed (ordinate) against the
composition of the monomer mixture from which it is produc-
eA (abscissa).

Substitution in the equation
Tfor M;, Mp, m,, &nd mz; which are the monomer concentrations
and the molar concentrations of the monomers in the result-
ing copolymer respectively was made for the seven reactions.
In the resulting equations for straight lines values of r
(=0.1 to 0.5) were substituted %o give values of r,. 4
sample calculation is given in Table V. The values of r,
versus r; were plotted as shown in Flgure 1IV.

The analysis of the copolymers from six of the seven
reactions for carbon and hydrogen indicated a finite per-
cent of ash to be present. The arc spectra for the copoly-
hers, copper and mercury (since mercury seal stirrers were
Used ) were made. By identification of the persisting lines
of the copolymers' spectra from the copper standard the ash
was evaluated as silicon. It is probable that glass ground
from the stirring assemblies found its way into the reaction
flask., The percentage carbon and hydrogen were then cal-
Culated to an ash free basis. These values are shown in

Table V.



COPOLYMER COMPOSITION BASED ON ELEMENTAL ANALYSIS FOR USE IN

TA

BLE V

DETERMINING REACTIVITY RATIOS

Experie Monomer Reaction
ment mole per=- time,
Number cent 1ita- minutes
conic an-
hydride
A 10 13
B 20 13
C 25 14
D 40 14
E 50 12
F 60 9
G 75 11

Saaple calculation for ry=rp plot:

Experiment number: A

Equation:

|

m‘

Percent

Percent

polymeri- Carbon

zation

1.65
3.04
4.98
4,48
4.15
3.68
4.83

[535(,,..

T70.97
6T.43
66.10
66.25
55.88
60.64
55.78

m‘</+- ’r)-J]

r)-1]

7[(115 + c0.357) —1 ]

M,
r. ® AL
Substitution:
Fy =
by =
r; = 0.1 then rp
ry ® 0.0 then ro
r, ® -0.1 then r,

10.
1.3
7.9

6

Copolymer
mole per-
cent 1ita-
conic

- anhydride

53.5
62.6
66.0
65.5
92.5
80.2
92.9

18
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PREPARATION OF THE FREE ACID AND THE AMMONIUM SALT

Free Aciad:

A dilute solution of poly - 57:43 (1taconic anhydride
co styrene) in acetone (approximately six percent) was added
to a large volume of water. The water was vigorously agi-
tated throughout the addition. A milky white suspension re-
sulted. Two drops of concentrated hydrochloric acid pre-
cipitated the acid form of the copolymer. It was filtered
and washed with water until the test for the chloride lon
was negaiive. The product was dried at 105°C for four hours.
Carbon-hydrogen analysis showed 64.35 and 64.42 percent car-
bon. The percent hydrogen was 5.67 and 5.80. The calcula-
ted percentages are 64.60 for carbon and 5.94 for hydrogen.

Ammonium Salt:

About six grames of poly - 57:43 (itaconic anhydride
co styrene) was dissolved in 100ml of concentrated ammonium
hydroxide. The ammonium salt was isolated by evaporating to
dryness. Kjeldahl analysie for nitrogen indicated 6.90 and
6.97 percent. The theoretical percent calculated on two
@mmonium ions per unit is 10.43 and for the monocammonium

salt 1s 5.39.

WA
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REACTION WITH ETHYL ALCOHCL

Four grams of the poly - 57:43 (1tacon1c‘anhydride
co styrene) (Preparation I) were placed in a 500ml three
neck flask fitted with a reflux condenser and a mechanical
stirrer. One hundred millilitere of absolute ethyl alcohol
were distilled directly into the reaction flask from two
hundred milliliters of absolute ethyl alcohol and ten grams
of freshly cut sodium. The reaction was protected from mois-
ture by calcium chloride. The mixture was heated at s0°¢
for twenty hours. The temperature was 1hcreaaod to 67°C
and the copolymer dissolved in one hour. The solution was
kept at 67°C for two additional hours. The solution was
eévaporated under vacuum while lmmersed in a water bath. The
resulting polyester was subjected to carbon-hydrogen analy-
s8ls. The percent carbon was found to be 66.98 and the per-
cent hydrogen 6.75. The theoretical percentages based on
half esterification of the styrene-itaconic anhydride co-
Polymer are 66.95 for carbon and 6.83 for hydrogen.



REACTION WITH NORMAL BUTYL ALCOHOL

In a five hundred milliliter three neck round bottom
flask with ground glass8 joints were placed 3.55g of poly-
%7 .: 43. (1itaconic anhydride co styrene) (Preparation I)
and 30ml of n-butyl alcohol dried over anhydrous sodium sul-
fate. The flask was fitted with a molsture trap condenser,
stirrer, and thermometer. The mixture was heated to 112°C
and solution took place in twenty minutes. The temperature
wag increased to 119.5°C and the n-butyl alcohol collected
in the moisture trap was removed and an equivalent amount
of fresh n-butyl alcohol was added to the reaction flask
keeping the volume approximately constant for nine hours.
After nine hours distillation was continued until the pro-
duct was almost to dryness. The residual n-butyl alcohol
wag removed by distillation under a vacuum. The brittle pro-
duct was washed with several portions of ether and was air
dried for two hours. The product was finally dried at 90°C
for five hours. Carbon-hydrogen analysls showed the ester
to contain 58.81 and 68.92 percent carbon. The percent hy-
drogen was T7.26 and 7.54. The theoretical percentages bas-

€d on half ecterification are 68.59 for carbon and T.54 for

hydregen.
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REACTION WITH 2-METHYL-1-BUTANOL

Two grams of poly = &7:45 (itaconic anhydride co
styrene) (Preparation I) were placed in a flask with 6.9g
of 2-methyl-l-butanol. The flask was fitted with a stirrer,
reflux condenser, and a thermometer. The mixture was heat-
ed at 125°C. The copolymer dissolved in one hour. After
36 hours at 127°C the solutlion was transferred to a 250ml flask
fitted with a vacuum take off and reduced to dryness using a
water bath. The residue was found to be soluble in acetone.
Carbon-hydrogen analysis of the product indicated 69.83 and
69.95 percent carbon. The percent hydrogen found was 8.46
and 8.63. The percent carbon based on half esterification
of the copolymer is theoretically 69.36 percent carbon and

T.85 for hydrogen.




REACTION WITH ETHYLENE GLYCOL

In a 500ml three neck flask fitted with a reflux con-
denser and a moisture trap. stir-rer, and a thermometer were
placed 5g of poly = 57:43 (itaconic anhydride co styrene)
(Preparation I) and 60g ethylene glycol.. In heating the
mixture to 170°C the solution began to gel. Gelling was
fgrther advanced after ten minutes, and another 30g of ethy~
lene glycol were added. The excess ethylene glycol was dis-
tilled off after one hour. The residue was removed ‘from the
Tlask with difficulty and heated on a hot plate at 200°C
until it was completely dry.(about two hours). Carbon-hy-
drogen analysis on the resulting acetone insoluble product
gave 61,38 and 61.54 percent carbon. The percent hydrogen
was 6,44 and 6.52. The theoretical percent carbon and hy-
drogen based on half esterification is 62.9 for carbon and

6.43 for hydrogen.



POTENTIOMETRIC TITRATIONS OF THE COPOLYMER OF ITACONIC
ANHYDRIDE AND STYRENE

The powdery, benzene extracted material from each of
the five copolymerilzation reactions was weighed on tared
watch glasses and washed into 400ml beskers with acetone.
About 50ml of acetone was used in each case. Standard so-
dlum hydroxide was added slowly with constant stirring to
the acetone solution. In a few cases a turbid solution re-
sulted. The solution samples were boiled on a hot plate to
drive off the acetone. When the acetone odor disappeared
the solution became transparent in those samples whero_ tur-
bidity was present. The solution samples were potentiome-
trically titrated with standard acid using a line operated
constant reading pH meter with a glass electrode. The solu-
tlons were agitated during titration with magnetic stirrers.
Data an& comments for the titrations are given in Tables VI
to X.

The data was obtained by observing the pH at milliliter
and half milliliter increments of acid. These tables con-
tain only the information concerned with the pertinent por-
tlong of the titrations. When the change in pH was constant
Wlth the addition of hydrochloric acid data for inclusion
in thie thesis was chosen to present only a few p‘oints. ‘In
the areas where the pH changes vary,the entire data 1s

8lven. 1In the tables blank spaces are left to represent
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missing data. The corresponding pH versus milliliter acid
graphs follow the respective data. Table XI gives the theo-
retical milliequivalents and the observed milliequivalents

of the copolymer titrated for the five copolymers.



TABLE VI
POTENTIOMETRIC TITRATION OF STYRENE~ITACONIC ANHYDRIDE
| COPOLYMER (PREPARATION I)

A 0.5000g sample of the copolymer from Preparation I,
poly - §7:43 (itaconic anhydride co styrene), was dissolv-
ed in 50ml of acetone. Fifty milliliters of 0.,099S6N NaOH
was added slowly with stirring. The acetone was bolled off
on a hot plate. The solution was titrated with 0.0939N HC1
using a Cenco Titration pH Meter. |

ml O0,0939N HCl pH Remarks
0.0 11.18 8Solution clear.
4.0 10.52

16.0 8.98

20.0 8.60

_ —

25.0 8.09

26 .0 7.95

286 .5 7.88

e7.0 7.75

27.5 7.65

29.0 7031

0.0 7.21

3l.0 7.11



40,0

445
45.0

49.0
49.5
50.0
51.0

pH

6.39

6.01
5.95

5.51

5¢35
5.26
5.19
5.00

4,78
4.56
4.38
4.20
4.09
3490
3.46

3.20

29

Remarks

Drop creates cloudiness,
clears on stirring.

Cloudiness persisting longer.

Solution definitely cloudy.

Solution opaque.

Y
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TABLE VII
POTENTIOMETRIC TITRATION OF STYRENE-ITACONIC ANHYDRIDE
COPOLYMER (PREPARATION II)

A 0.5000g sample of the copolymer from Preparation 11,
poly - 80:20  (1itaconic anhydride co styrene), was dis-
solvedlin 50ml of acetone. B8eventy-five milliliters of
O, 0924N NaOH was added slowly with stirring. The acetone
was bolled off on a hot plate. The solution was titrated
with 0.0976N HCl using a Beckman constant reading pH meter.

m10,0976N_HCl 2H Remarks

0.0 11,8C Solution clear.
5.0 11.64
—_— —_—

10.5 11.25
—_— —_—

12,0 11.17
—_— —

14.0 11.02

15.0 10.97

5.5 10.92

—— ——

18.0 10.84  Meter adjusted.

31



m10.0976N HG1 pH Remarkg

20,0 10.61

23.5 10,21 Meter adjusted.
27.0 9.87

29,0 9,68

31.0 9.51

34.5 9.12 Meter checked.
38.0 8.76

42 .0 8,30

43 0 8.16

44,0 8.02

45,0 7.90

45.5 7.80

46 .0 7.70

46 .5 7.60

47. 0 Te54

47.5 7.45



m} 0,0976N HCl
48.0

49,0

55.0

60.0

65,0

70.0

75.0
76.0
76,5
T7.0
TTe5
78,0
—_—
79.0
795
80,0

—

ed
Te35

T«19

6.40

5.90

536

4,82

4,31

4,20

4.12

4,08

4.00
3.94

3.76
3.69
3.58

Remarkg

Meter adjusted.

23



ml 0,0076N HC]
81.0
81.5
82.0
82.5
83.0

84.0
85.0

90.0

ye): |

3. 41
3432
3e24
3e14
3.02

2.86
2.72

2.36

34
Remarks

Drop creates cloudiness,
clears on stirring.

Cloudiness remains.

Solution opaque.
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TABLE VIII
POTENTIOMETRIC TITRATION OF STYRENE-ITACONIC ANHYDRIDE
COPOLYMER (PREPAKATION III)

A 0.5000g sample of the copolymer from Preparation III,
poly = 52:48. (itaconic anhydride co styrene), was dissolve
ed in 50ml of acetone. Seventy-five milliliters of 0.0924N
NaOH was added slowly with stirring. The acetone was boil-
ed off on & hot plate. The solution was titrated with
0.0976N HC1 using a Beckman constant reading pH meter.

ml 0,0976N HCl o Remarks

0.0 11.82 8Solution clear.
500 11065

10.0 11.58

15.0 11.39

16,0 11.33

17.0 11.28

18.0 11.21

19.0 11.14

20,0 11.08

36



25.0

30.0

35.0

40.0

A%5,0

47.0
48.0
48.6
49.0
500
50e 5
51a 0

53.0

54.0

55.0

2
10.53

10.01

9.53

9.08

8453

8.28

8.13

8.06
8.00
7.83
T.T4
7.65

7.28

7.10

6.96

Remarks

Meter adjusted.

Meter adjusted



m] 0,0976N HCl
60,0

6 4.0

70.0

72,0

T4.0
T75.0
75.5
76.0
77«0
T7 5
T80
™8e5
7940
T9e5
80.0
80.5

———

82 .0

84 0

RH
6o dd

6.08

5e 54

528

5.00
4,83
4.73
4,62
4,36

4,20

4,03
3.85
3.70
353
3.42
3.30

Remarks

Meter checked-

Cloudiness appearing.

Meter checked.

Solution opaque.



m1l 0.0976N HCL

90.0

95.0

2.50

2432

Remgrks

Meter checked.

39



40

FIGURE I

K4

PN v 9boo
og L ol 99 o9 . o Sy (4 4 5”% o¢ 7 or

o/

Noqo.u..ﬁ l**\\us ~\O\Edm.
HOVN N $760°0 w paajessig
\.Q.\\\” (-~ U\\\\\-‘s U\.\QV.'\\\ R ..N'-W Il\\.m \O 8\\‘-\\R O\K‘UQ\Q?\QN*QQ\

o/

n

<2/

(4

x4



TABLE IX
POTENTIOMETRIC TITRATION OF STYRENE-ITACONIC ANHYDRIDE
COPOLYMER (PREPARATION IV)

A 0,5000g sample of the copolymer from Preparation 1V,
poly . 72:28. (itaconic anhydride co styrene), was dissolv-
ed in 50m1 of acetone. One hundred milliliters of 0,0924N
NaOH was added slowiy with stirring. The acetone was boil-
ed off on a hot plate. The solution was titrated with
0.0976N HCl using a Beckman constant reading pH meter.

Bl 0.0976N HCL 2l Remarke

0.0 12.6 Solution clear.
10.0 11.86

20.0 11.66 Meter adjusted.
25.0 11.46

26.0 11.42

27.0 11.36

28.0 11.32

29.0 11.38

41



n] 0,0976N HCl
30.0
31.0
32,0
3545
40.0
45.0

50.5

55.0
60.0

65.0
66.0
66.5
67.0
67.5
68.0

69.0

el
11.33

11.26

11.20

10.90

10.54

10.14

Remarks

Meter adjusted.

Meter adjusted.

Meter checked.

Meter adjusted.



ml 0,0976N HC1
70.0

71.0

72.0
73.0

T4.0
© T5.0

80,0

85.0

90.5

95.0

97.0
98.0

99.0
99.5
100,0

zH
Te 45

T.28

Tel3
6.97

6.85
6.7>

6.32

5.90

5440

4,93

4.68
4. 56

4,32

4,20
4,08

Remarks

Meter checked.

43



0.0976 c

102,0

103.5

104.0

105,0

109,0

116.0

el

3.63

3438

3e31

3.16

2.67

2.30

44

Remarks

Drop creates cloudiness,
clears on stirring.

Solution definitely cloudy.

Solution opaque.
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TABLE X
POTENTIOMETRIC TITRATION OF STYRiLNE-ITACONIC ANHYDKIDE
COPQLYMER (PREPARATION V)

A 0.5000g sample of the copolymer from Preparation V,
poly = 53:47 (1taconic anhydride co styrene), was dis-
msolved in 25ml of acetone. Seventy-five milliliters of
O.0924N NaOH was added slowly with stirring. The acetone
was bolled off on a hot plate. The solution was titrated
with 0.0976N HCl using a Beckman constant reading pH meter.

ml 0,0976N HCl ‘pH Remarkg

0.0 12,03 Solution clear.
5.0 11.90

10,0 11.72

15,0 11.50

16.0 11.42

17.0 11.37

17.5% 11.34  Meter adjusted.
18.0 11.32

19,0 11.27

20,0 11.18

46
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m] 0,0976N HC1 | pH Remarks

21.0 11.05

25,0 . 10.53 Meter adjusted.
30,0 9.95

38,0 9,18 Meter adjusted.
43,0 8.66

47.0 8.21

48,0 8.06

48,5 T.98

49.0 ' 7.89

49,5 T.81

50.0 7.71 Meter checked.
51.0 T«50

51.5 Ted2

5200 7033

53.0 Tel2

54,0 7.00

—————— e

59,0 6.44 Meter checked.



ml 0,0976N HC

65.0

69.0

75.0
76.0
77.0
78.0

———

79.0

86,0

e

100.0

Meter checked.

Drop creates cloudiness,
clears on stirring.

Solution opaque.

Meter checked.

48
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TABLE XI
TABULATION OF OBSERVED AND THEORETICAL NEUTRALIZATIONS IN
THE POTENTIOMETRIC TITRATIONS

Titra- Copoly- Theoreti- Neutrall- Complete Observed

tion mer cal co- zation of neutrali- copoly-

No. Prepara- polymer excess zation, mer meq.
tion No. megq. NaOH, meq. megq. titrated

observed obgerved

1 I 5.18 0.199 4,94 4,75

P~ II T.12 1.50 T.93 6e43

>3 III 4,82 2.29 T59 5.30

o3 v 4,93 2.24 T.T72 5.48

CALCULATION OF THEORETICAL MILLIEQUIVALENTS:

(1) weight of itaconic anhydride in unit = (molecular
welght itaconic anhydride x mole percent itaconi¢ an-
hydride) x 2

(2) weight of styrene in unit

(molecular weight styrene
x mole percent styrene) x

VK]

(3) Line (1) plus 1ine (2) I unit weight

(4) Weight of 1taconic anhydride = (sample welght x weight
of itaconic anhydride in Unit) / unit welght

(5) Milliequivalents of itaconic anhydride = weight of ita-
conic anhydride / milliequivalent weight of itaconic
anhydride



Copolymers
Preparation I
Preparation 11l

Preparation III

Preparation IV

Preparation V

Polyltaconic
anhydride

Ethyl ester

n~-butyl ester
glycyl ester

2-methyl-1-butyl

ester

TABLE XII
SOLUBILITY

Alkall Pyridine

S s

S S

S s

S s

) )

S S

) S

S s

I I

S S

Acetone

0 w u v W

51

Others

Soluble in nl-
trobenzene. In-
soluble in car-
bon tetrachlorlde,
benzene, toluense,
and ether.

Soluble in water.
Insoluble in ni-
trobenzene and
nitromethane.
Insoluble 1in ethyl
and amyl acetate.

Insoluble in ethyl

and amyl acetate.

The solubility was tried using a 0.5g sample in 5ml of solvent.

If the sample dissolved completely it was referred to as

soluble (S), if not then as insoluble (I).



PREPARATION OF COPOLYMER OF STYRENE AND MALEIC ANHYDRIDE

This preparation was carried out as described by
Garrettl with the exception that the nitrogen was not wash-
ed with alkaline pyrogallol. A 1l:1 molar ratio of reactants
of 0.233 mole of maleic anhydride (23.0g) to 0.233 mole of
styrene (24.2g) was copolymerized in 615.2g of benzene with
0.233g (.00096 mole) benzoyl peroxide. Copolymerization
was carrled out in a nitrogen atmosphere with continuous
stirring. The copolymer was flltered on a Buchner funnel
after an eight hour reaction time. It was washed several
times with hot benzene and subsequently benzene extracted
in a Soxhlet extractor for one hundred and twenty hours,
after which it was alr dried for four hours and finally

dried at 90°C for ten hours.

5e

[
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REACTION OF ETHYLENEDIAMINE WITH STYRENE-MALEIC ANHYDRIDE
COPOLYMER

Four grams of the copolymer of styrene and maleic an-
hydride were placed in a 500ml flask fitted with a reflux
condenser and stirrer. To this was added 50ml of dry ace-
tone and the mixture was heated with stirring until the co-
polymer was dissolved. A small amount of acetone in which
was dissolved 1.19g ethylenediamine (0.0198 mole) was then
added. Immedlately a white film formed over the solution
in the flask. In five minutes a gelatinous material was
formed throughout. The acetone was partially removed with
an aspirator and then the product was washed several times
in acetone ard finally drled in air. The product was yellow
in color and insoluble in acetone. A Kjeldahl analysis on
the product showed 3.95 and 4.11 percent nitrogen. The
calculated value is 10.68 percent nitrogen based on a 1l:l

structursal unit containing one amide linkage.




REACTION OF ETHYLAMINE WITH STYRENE=MALEIC ANHYDRIDE COPOLYMER

Four grams of the copolymer of styrene and malelc anhy-
dride were dissolved in 50ml of dry acetone with agitatlon in
a 500ml flask fitted with reflux condenser and stirrer.
Ethylamine, 0.894g (0.0198 mole) was added. Almost immediatee
ly a gelatinous material was formed around the aglitator. The
reaction was allowed to proceed for one hour. The resulting
mixture was poured into several hundred milliliters of cold
distilled water to form a soft stringy mass suspended in the
water. Thle was filtered and the residue was washed with
cold water. The s0lid was placed in distilled water and
heated. The residue dissolved forming a viscous solution.

The solution was evaporated to dryness. The product was solu-
ble in acetone. A Kjeldahl analysis on the product showed
2.43 and 2.35 percent nitrogen. The calculated value 1is

5.36 percent nitrogen based on a 1:1 structural unit contain-

ing one amide linkage.

54
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HOMOPCLYMERIZATICN OF ITACONIC ANHYDRIDE

Five hundred milliliters of benzene and 52.19g itaconic
anhydride (0.466mole) were placed in a one llier flask fit-
ted with a reflux condenser, nitrogen inlet tube and a meche
anical stirrer. The mixture was heated at the reflux temp=
erature of benzene. The itaconic anhydride did not com=-
pletely dissolve in thirty minutes. Nitrogen was bubbled
beneath the surface of the benzene throughout the solution
and reaction time. Benzoyl peroxide, 0.233g, was added.

‘m L R W _-n'
i -L.‘
B

Nine hours were allowed for reaction to take place. The ree
actlon mixture was filtered on a Buchner and washed with
several portions of hot benzene. The white product collect-
ed was alr dried. The yleld was 11.0g, or a 21 percent
polymerization. Carbon and hydrogen analysls showed 50.39
and 50.59 percent carbon. The percent hydrogen was 4,10
and 4.38. The theoretical percentages for polyitaconic an-
hydride are 53.57 for c#rbon and 3.57 for hydrogen. It
appears there has been about forty one percent hydrolysis
of the polymer. Thlie would account for the difference in
the actual and theoretical percentages of carbon and hydro-
gen.

The solubility of the polymer was tested 1n benzene,
acetone, carbon tetrachloride, toluene, water, and alkall.

It was found to be soluble in the acetone, alkall and water.




INFRARED SPECTRA

Infrared spectra were obtained for maleic anhydride,

1 taconic anhydride, styrene, the five copolymers of styrene
and itaconic anhydride, and the poly-(styrene co maleic an-
hydride.

In addition infrared spectra were obtained for poly-
A taconic anhydride, polystyrene, and the ethylene glycyl,
ethyl, 2-methyl-1-butyl, and n-butyl esters of poly--5—7_;
B3,  (itaconic anhydride co styrene). Also spectra of the
Tree acid, ammonium salt, reaction products with ethylamine
&nd ethylenediamine were made.

All of the above spectra were obtained as mulls with
the exception of styrene which was run pure between salt
Plates. The instrument used in all cases was the Perkin-
Elmer douhle beam recording spectrophotometer. The full
8pectra included in this work were reduced by means of a
Pantograph. The instrument settings are placed beside the

respective spectra (Figures X — XX)e

56
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FIGURE XL
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FIGURE X7
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FIGURE XV
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FIGURE XVL
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FIGURE XVII
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FIGURE XVIIT
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FIGURE XIX
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DISCUSSION

Industrially, styrene Ay ==(§j¥
is primarily produced by the catalytic dehydration of ethyl-
benzene, which is obtained by the catalytlc addition of
ethylene to benzene using aluminum chloride.

Itaconic anhydride, with the structural rormula

L
) 12)

CHy— c(

Yo

may be formed by treatment of the acid with a dehydrating

agent, e. g., thionyl chlorideze, phosphorus pentoxide‘ea,

acetyl chloridezab, or acetic anhydrideaac. Itaconic acid
1s chiefly produced by the submerged culture fermentation
of a glucose media by"Aapergillus terreus". In the labora-
tory itaconic anhydride 1s prepared by the rapid dietillatién
of citric ac1d29.

Monomer units may combine in the polymerization re-
action in elther a regular fashion or a random fashion.
The two regular arrangements as applied to the styrene-

itaconic anhydride copolymer are:

68
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"head to tail"

He H Ay H o H e W W
e~ c-c- C— C~Crc— ¢ —¢% ¢ —
O-C'. CH‘ v o=¢ T, | o= & YeH,
3 ] \\/ | l
—C-O 6—Cp o-C=o
» Ip
"head to head" or "tall to tail"
Hy e |
(s W
R P T ol SRS s . S L

H
S ~
/ : /' \ /
| ¢ ¥ /T CH, N ¢ \?ﬁ
It \,—C u\ N\ Nge.
6 2 6 o—S 6 27

clp

where CH; in the chain is defined as the head. The random
1s a case of Ydeality imn which the chance of an x unit to
follow a y unit is the same as a y to follow a y unit. The
styrene-butadiene system behaves approximately in this man-
ner3o. The alternating type in which the copolymer is very
close to 1:1 in composition is characteristic of the sys-

tem maleic anhydride-isopropenyl acetate3oa.

There was ine=
sufficlent data to characterize the structure Qf poly~-(itae=
coniec anhydride co styrene). Further work is indicated in
this direction. The methods usually used in elucldating

structural problems are the synthesis of dimers, trimers or

tetramers, and the degradation of polymers.
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It was found in this work that the composition of the
copolymer of styrene and itaconic anhydride was not-l:l when
using that ratio of reactants. By elemental analysis of
Preparation I (reactant ratio 1:1) the copolymer composition -
was shown to be 57. mole percent itaconic anhydride units
or a 0,77:1 ratlo styrene units to itaconic anﬁydride units. |
The assumption that this copolymer would consist of a mole- L
cule with styrene and itaconic anhydride present mole for L
mole was an extension of the proposal by Wagnor-Jauress31
on the structural unit of the reaction product of maleic
anhydride and stilbene. In later work by wallJZ, Alfrey
and Lav1n33, and Garrettl it was shown that the composition
of poly-(malele¢ anhydride co styrene) approached the 1:1
basis, but did not attain it.
Preparation II (reactant ratio 1:2, styrene to itacon-
ic anhydride) was also examined by elemental analysis and
the resultes indicated 80 mole percent itaconic anhydride
based on the percent carbon in the copolymer. The styrene-
itaconic anhydride ratio in this case was 0.25:1. These re=-
sults were in order with the results in Preparation I, in
thatlin the latter the percent oydrogen was also lower in-
dicating more itacnnic anhydride units than 50 percent. In

Preparation II the hydrogen percentage indicated a copolymer



unit with less itaconic anhydride than expected. Considera-
tion of these results indicated that some hydrolysis probably
took place in the reaction since a lower percent carbon and
a higher percent hydrogen is coincident with a definlite a-
mount of hydrolysis. This follows from the fact that the
acld form has a lower and a'hisher percent carbon and hydroe
gen respectively than the anhydride form. In addition it
was indicated by elemental analysis that the composition of
this copolymer was similar to that of Preparation I in re-
spect to the relative unit structure. The copolymer con-
tained more itaconic anhydride unite than ‘the 1:2 molar ra-
tio of the monomers predicted.

In preparations III and V (reactant ratios 2:1 and 3:1,
styrene to itaconic anhydride) elemental analysis showed
lower carbon and hydrogen predicting higher percentages of
itaconic anhydride in the resulting copolymers than the
initial monomer mixtures. These results could be expected
from the observations made on the copolymerizations involv-
ing the 1:1 and 1:2 reactant ratios. There appeared to be
a pattern in the four copolymerization reactions described.
Each product contained more 1taconic anhydride residues than
the monomer ratio would have predicted.

This pattern was reversed in the reaction which yielded
Preparation IV in which the reactants were in the propor-

tion of a 1:3 styrene to itaconic anhydride. Elemental
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analysis of this copolymer showed it to contain a greater
percentage of styrene than the initial monomer mixture.

By observation of the data in Table II on the prepa-
ration reactions , it was qualitatively apparent that ita-
conlc anhydride was the more reactive monomer since the co-
polymer compositlon was generally richer in itaconic anhy-

dride units than the monomer ratio predicted.

T

The kinetics of this copolymerization reaction is
probably very complicated since both monomers will polymerize

by themselves as well as react with each other. Also grow-

"’m":"ﬁ".;.‘-""-_ T

ing polymer molecules can react with the monomers as well as
each other. Further complications arise from the fact that
1t 1s not known how many reactions take ﬁlace before pre-
cipitation occurs. Thus an accurate evaluation of the rate
constant is not theoretically possible at present. It was
interesting however to attempt to treat the data, after se-
veral necessary assumptions, in the usual fashion for evalu-
ating a rate constant and relaﬂive reactlon order.

If we assume that the copolymer composition is mole for
mole styrene and itaconic anhydride units, and the “reactant"
to be a unit comprised of styrene and itaconic anhyérlde, we
can assume a first order reaction with respect to the "re-

actant”, from kinetic theory:
| 5%-‘- a k(a-x) (2)
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is the rate expreesion. This equation integrates to:

In a/la-x)= k¢ (3)
where a is the initial concentration of "reactant” and x is
the decrease in concentration of "reactant" (amount of pre-
cipitated polymer) in time t. A plot of ln(a-x) versus t
should be 1linear with a slope of -k, where k is the rate
constant. The rate constant k may be evaluated from this
slope by:

k = -2.803 (s/ope) (4)

The data in Table IV was plotted in Figure II with the
logarithm of the molar concentration of "reactant" against
the time in seconds. The plot gave a reasonably straight
line indicating the reaction rate to be first order with re-
spect to styrene or itaconic anhydride. The slope of the
line was -3.2 x 10 2 and therefore rrom‘equation (4) the
reaction rate constant k 1s 7.4 x 1073 sec.”l. This is not
to be considered as an accurate rate constant, but a hypo-
thetlical approximation. 8Since the copolymer composition
from a 1:1 ratio of reactants produced A copolymer which ap-
proached a 1:1 composition, kinetlic treatment of the data
obtained was possible after we first made the assumption
that the copolymer consisted of a 1:1 unit. No completely
adequate rate expression could be derived on the basis of

elemental analysie of the precipitating polymer.

To have made an adequate rate expvessiom possible,

it would have been necessary tc have had
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a quantitative method for determining the amount of styrene
and 1taconic anhydride, each in the presence of the other.

The experiment designed for evaluating the monomer
reactivity ratios was similar to the preparation reaction
procedure with the exceptlion that polymerization was not
allowed to proceed to as great an extent. This was essen-
tial for the determination of the reactivity ratios. In
the preparation reactions (Table II) the copolymer composi=-
tlion was an average over the entire polymeri;ation range,
and therefore did not represent the initial copolymer com- -
position arising from the monomer ratio involved. The re-
activity ratios were determined from a consideration of the
composition of the copolymers formed from monomer composit-
iona at low percent total polymerization and at the same de-
gree of polymerizatioh.

The theoretical considerations necessary for a discus-
sion on monomer reactivity ratios can readily be obtained

Trom several good sourcesBa’BS. The copolymer composition

& quation 1s written as:
m Ml) lq M‘ ¢+ M
ml Ma. r& M], ‘f’ MI : (5)

which is valid for the composition of the initial copolymer
Tormed at monomer concentrations M and M.. The differen-
ial form 1s valld at any degree of polymerization. The

V&1lue mj/m. 1s the ratio of the molar concentrations of the

ey

A






two monomers in the recsulting copolymer. The reactivity ra-
tios rj and r; are the relative reactivitiee of the monomers
for addition to the same and unlike growing radicals.

There are several accepted methods for the determina-
tion of the relative monomer reactivity ratios after a se-
ries of runs is made, with each run utilizing a different
monomer feed ratio. The method used in this work was intro=
duced by Mayo and Lewls>®. It has its origin in the fact
that equation (5) may be written as:

SN m, (I iy '7) l] (1)

This equation then expresses r, as a linear function of rq
and for cach set of values for Mj, Mz, m , and m, a straight
line is obtained when plotting r, versus ry. Theoretically
eeveral different runs would yleld straight linee intersect-
ing at a single point which would be the ry and rz values
for the system. Aotually, however, the lines will generally
define an area and the best point within this area is taken
as r; and ry. An area rather than a single point of inter-
section 1s the result of errors involved 1n the determina-
tion.

Substitution in equation (1) for the seven reactions

and subsequent plotting of rp, versus r; was shown in Flgure

s i‘
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IV, The rj - r; values obtalned from such a series of ex-

periments suffered in exactness since the reactlons were

difficult to stop at the same degree of polymerization. Al-

80 the evaluation was dependent on the importance of the in-

tersections involved. The more nearly perpendicular the in-

tersecting lines, the more importance that could be assign- po
ed to that intersection. Further, the actual location of .
the ri{=—r, point within the area of intersections was a
matter of Jjudgement left to the observer.

Four of the lines in Figure IV intersected in a fairly
small area. In this area a point was placed representing
the ry = r; values, this was point I where r; was 0.04 and
ro was 3.,80. 81x lines were used similarly to describe an-
other set of r; - r, values at point II where r; was 0.04
and r, was 2.50. Llne E was disregarded since it fell so
far from the group of intersections. The cholice of point
II used 85 percent of the experimental data. Assignmént of
riy - ro at point I neglected 42 percent of the data. The
relative difference in the r, values of these two points was
not great. The area of 1ntérsection, a measure of the er-
rors involved, was large in the case of point II and small
for point I. These were the erfors in elementary analysis
and the analysls of impure polymers. The rj - ro, values at
point II appeared more valid than those at point I. The

errors from elementary analysls should be equivalent in all



experiments. Those errors introduced by analysis of impure
polymers would be of greater importance. No solvent was
found to be selective for polyitaconic anhydride and not the
copolymer. Therefore contamination of the copolymer with
polyltaconic anhydride was possible. The composition curve
(Figure III)'was the best representative curve that could be
drawn for the data. It was noted that in the area where the
experimental points had the greatest deviation the values

of ry changed sllghtly with changes in r,, but r, changed
greatly with values of rj. Thils probably accounted for the
large variation in rp values. The r; = rz plot (Figure 1IV)
showed the extreme spread of ry values possible by interpre=-
tation of the experimental data. Consequently a cﬁoiée of
ry which was an average of more representative values was of
greater validity.

On the basls of monomer reactivity, if r, was less than
unity and r; was greater than unity, then itaconic anhydride
would be more reactive than styrene with both types of grow=-
ing free radicals. The results obtained in the preparation
reactions (Table II) were consistent with this evaluation.
Only in the reaction where the concentration of 1itaconic an-
hydride was extremely high with respect to the other monomer
was there a less percentage of itaconic anhydride 1in the
polymer than expected. The latter reaction was not consis-

tent with the other preparations.

7
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In view of the many variables encountered in even the
eimplést polymerization reaction, all experiments to be con=
sldered valid should be at least duplicated.

Fordyce and Ham4 evaluated the monomer reactivity ra-
tios for styrene and itaconic acld as 0.301 and 0.201 re-
spectively. The system was a solutlion 1n dioxane using
benzoyl peroxide as the~cata1yst. The system was closed af-
ter sweeping out with nitrogen.

Analysis of the product from the hydrolysis of poly-
57 : 43. (itaconic anhydride co styrene) (page 21) showed
1t to be the complete free acid form. The ammonium salt,
however, contained slightly over the amount df nitrogen ex-
pected in the monocammonium salt. This indicated that one
carboxyl in the itaconic acid portion of the unit was 4if-
ferent than the other.

The addition reactions of poly- §7 ; 33 (itaconic an-
hydride co styrene) with ethyl, n-butyl and 2-methyl-1-butyl
alcohols ylelded the half esters as determined by elemental
analysis. This was in accord with the work of Siegal and
Moran37, who observed that anhydrides of dibasic acids when
dissolved in alcohols quantitatively ylelded the half esters.
Since these results, however, indicated a slightly greater
percentage of carbon than would be present in the half es-
ter, some diester may have formed. The theoretical percent

carbon in the half esterified copolymer was calculated on
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the basis of the carbon content of the original copolymer.
The addition reaction with ethylene glycol did not yleld

the half ester since the product.showed less carbon than the
amount necessary. Since all of the zbove esters were soluble

in acetone with the exception of the glycyl ester, this es-

ter was probably & partial net polymer. =
Potentiometric titration curves of the several copoly- g
mers of styrene and itaconlc anhydride were determined. The j
curves were reproduced in Figures V to IX. The first verti- }
cal line on each curve represented the neutralization point gﬂ_

of the excess standard alkall added. The exact point of the
neutralization was difficult to assign since acidity in the
buffered region 1s relatively independent of concentration
when titrating a weak acid. A point of inflection apparent-
ly existed around pH 7.50 in all the curves, this point was
indicated by a horizontal line. Theoretlically this 1s the
stoichiometric point of the neutralization of a carboxyl.
This carboxyl appeared to be quite weak. The second ini-
lection point was described by & vertical and a hofizontal
line. The titration of this carboxyl was quite sharp. The
titrations showed that both cafboxyls could be titrated.
Observing Table IX, é comparison of observed and theo-
retical titration data, 1t appeared that a more thorough po-
tentiometric titration study of poly- (itaconic anhydride co

styrene) should be made. Complete correlation of the ob-



served milliequivalents of copolymer with the theoretlcal
was not obtalned, however the two values were of the same
order in all cases. No pattern of differences could be no-
ticed 1n the series of titrations. This was due to the fact
that each involved an entirely different compound. It &ap-
peared probable that the method of calculating the theoreti-
cal values was subj)ect to as much or more error than the ex-
perimental determination. The method used here was based on
the elemental analyslis and ﬁhe calculation of a theoretical
unit weight. This unit welght (equivalent welght) was varia-
ble depending on the composition of the polymer.

Nitrogen analysis of the reaction products from ethy-
lenediamine and ethylamine with the copolymer of styrene and
malelic anhydride definitely indicated that the reactions
were incomplete. Ths reaction with ethylenedlamine was pro-
bably stopped by net polymer formation so that the full for-
mation of amide linkages on two different chains did not
occur. It must be noted that this reaction was quite fast
even for the amount of amide linkages formed. Percentage
wilse there was more reaction in the case with ethylamine.
The product could represent half amide formation or by fur-
ther elimination of water the imide could have been formed.

The nitrogen analysis showed the reaction product to have

€0

less nitrogen than that necessary for either the half amide or

4mide. The infrared spectra (described on page 83) indicated

that amide linkages were present. This waa true of the re-



action product with ethylenedlamine and ethylamine.

Most of the infrared spectra obtained were made as mulls
and the Nujol bands at 3.43, 3.49, T7.26 and 13.8%were readi-
ly identifled. The bands for carbonyl groups as a class are
the most stable in position,'5.45.- 6.5Q«. In the region
5 - T« these are the strongest in the spectrum38. This was
found to be true in the compounds investigated, the two absor-
ption bands for the anhydride linkage, 5.38 and 5.62u«, were
reasonably constant. In addition the O.Z« separation between
these two ban6938 was approximately constant in each case.,

The ehift to higher ffequencles for the carbonyl containing
anhydrides followed the correlation that thie shift was due
to riAé strain in the five membered ring. The band at B.Bg;c
in the spectré of itaconic anhydride and polyltaconlc anhy-
dride and that at 8.1§a in the copolymer's spectra were at-
tributed to the C = O - C stretching vibration. The band was
shifted in the copolymer which waes probably due to hinderance
to stretching by the phenyl groups in the proximity of the
five membered anhydride ring®®. There wae yet another band
which has been attributed to the anhydride linkage, the band
10.34m arising from the C - O stretching vibration. There was
some doubt as to the validity of this assigmment. Thls band
could be due to the C - C stretching vibration in the copoly-
mer since it could be enhanced in the polymer due to the in-
creacsed ndﬁber of thls type bond.

In the copolymer two definite ébaorption bands were

attributed to the structure contribution of the styrene por-

tlon of the recurring unit. These occurred in the region
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| 9.2 - 13.34¢and also about 1l4«. Specifically the former
was found at 9.3g«resulting from the C - C stretching vi-
bration in the monosubstituted benzene. The absorption was
fairly weak in the copolymer which was probably due to the
relatively small amount of phenyl contribution to the total
structure of the polymer. Through the correlation from open
chain vibra.tion339 in long chain molecules with methylene
groups along the chain a strong band was observed in the re-
gion of 14« In this case it was found at 14.24. This band
arises from a rocking mode of the CHz group.

The positions of the bands observed in the copolymeérs
from Preparations II-V were essentially the same as in Pre-
paration I. The band at 14.94« shifted to higheér and lower
wavelengths with no correlation 1n the relative amounts of
the contributing structures. Thls shift was not great, a-
mounting to only 0.054.

In comparing the absorption bands of the copolymeérs of
styrene-itacoﬁic anhydride and styreéne-malelc anhydride, it
was noted there were few differences in their spectra. No
absolutely new bands could be identified. However, shifts
were noted from 10.344 to 10.48« and 9.324 to 9.28«.

The absorptions characteristic to esters arise from
C = 0and C - O - linkages. These appear approximately in
the reglons 5.73 to 5.80« and 7.68 to 10.Q« The spectra of
the esterification products (page 54) had g common band at a
about 5.8 - 5.9u4. This absorption had shifted from the
normal reglion of ester C = O and 1t was probably due to the

unbalanced nature of the groups adjacent to the carbonyl care



bon. The second absorption was found at 8.65« in both the
ethyl and n-butyl esters. The spectra for the other two
esters were not carrled out past 7.7« since almost total
absorption was observed in the longer wavelength region.

Absorption bands found 1n the styrene-maleic anhydride
copolymgr-amine reaction producte were 3.94« and 5.88« The
former éorresponded to the secondary amide N-H stretching
mode. The esecond was probably due to a similar amide C-0
absorption. The latter was found at a slightly lower wave-
length than expected.

An excellent region for the identification of carboly-
lic acids liles in the range 3.7l - 4.0«. ‘he bands in this

region are often weak and in the acids of high molecular

weight the detection 1is difficulth. The separation of these

bands from the absorptions of the C - H stretching vibra-
tions was great enough to prevent ahy confusion. The absor-
ption of the free acid of Preparation I was found at 3.6T&
Also in this acid apectruﬁ'the band at 7.6§u’could be cor-
related with the C - O stretching vibrations or OH deforma-
tion vibrations. It can be seen in Figure XVI that there
was no difference in the spectra of the free acid and the
ammonium salt.

Generally, the spectra gave no quantitative evaluation
of the linkages involved in the poly-(itaconic anhydride co

styrene) polymers. Enough of the characteristic linka:es
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were present to give sufficient absorption so that a quall-
tative identification was possible. It follows that the
spectra of these compound? might be run quantitatively in
solution so that a correlation of the spectra and the amount
of ltaconic anhydride or ite derivatives present could be

made.
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CONCLUSIONS

Styrene and itaconic anhydride can be copolymerized in
benzene solution using benzoyl peroxide as a catalyst.
The copolymerization rate of styrene and itaconic anhy-
dride in the system described (1:1 molar ratio of re-
actants and 0.01% catalyst), as a first approximation,
ig first order with respect to styrene or itaconic anhy-
dride and proceeds with an apparent rate constant in the
order of 7.4 x 10™° gec 1.

In the system as described for the preparation of the
styrene-itacondic anhydride copolymer the r; (styrene)
value 1s 0.U4 and the r_ (itaconic annydride) value 1is
2,50,

Esters can be prepared from the poly-§7:33 (1taconic
anhydride co styrene) by dissolving it in absolute alco-
hols uﬂéer anhydrous conditions.

Both carboxyl groups in the styrene-itaconic anhydride
copolymer can be titrated.

Amines wlll partially react with the styrene-maleic anhy-
dride copolymer to form the amnldes.

The copolymer of styrene and itaconlic anhydride can be

characterized by infrared spectra analysis.
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ABSTRACT
@Gerald Melbourne Curtice

This thesis reports that styrene and itaconic anhydride
were caused to copolymerize in a benzene solution using ben-
2oyl peroxide as a catalyst. Several copolymers were pre-
pared using different monomer ratios.

The rate of the copolymerization of styrene and itacon-
lc anhydride in benzene (0.01% catalyst) was studied. It was
found to be first order with an apparent rate constant in the
order of 7.4 x 107° sec 1,

An evaluation of the monomer reactivity ratios was made.
The r; (styrene) value was 0.04 and the r. (itaconic anhy-
dride) value was 2.50.

In addition various esters of poly-ﬁ?:?? (1taconic an-
hydride co styrene) were prepared, and the poly-(itaconic
anhydride co styrene) polymers were potentiometrically ti-
trated.

Poly-(maleic anhydride co styrene) was reacted with a-

mines to yleld the partial amides. Infrared spectra were

obtained for all the compounds prepared. .
>
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