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Determination of Copolymer Composition by 
Quantitative Infrared Analysis* 

MOUSTAFA M. SHAMBASH? and RALPH L. GUILE 

Department of Chemistry 
Michigan State University 
East Lansing, Michigan 

A B S T R A C T  

Infrared spectroscopic analysis was used in the deter-  
mination of the copolymer composition of itaconic anhy- 
dride copolymers. The results a r e  in close agreement 
with those obtained by elemental analysis. The method 
is of great value in determining the composition of co- 
polymers which contain strongly absorbing groups and 
the composition of which could not be realized by using 
elemental analysis. 

I N T R O D U C T I O N  

Infrared spectroscopy has been widely used in the identification 
of functional groups a s  well as the fine s t ructure  of high polymers. 
It can be used in the determination of the composition of copolymers 
which have strongly absorbing functional groups [ 11. 

*Taken in part  from the dissertation submitted by Moustafa 
Sharabash in partial  fulfillment of the degree of Doctor of Philosophy. 

?Present address:  Faculty of Science, University of Riyadh, 
Riyadh, Saudi Arabia. 
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1022 SHARABASH AND GUILE 

In this paper, the copolymer composition of itaconic anhydride- 
vinyl acetate copolymers, which could not be determined by elemental 
analysis, was obtained by using infrared quantitative analysis. 

In order  to check the reliability of the results,  the copolymer com- 
position for  three other systems, namely: itaconic anhydride-2- 
chloroethyl acrylate, itaconic anhydride-styrene, and itaconic anhy- 
dride-p-methoxystyrene was determined by both elemental and infra- 
red analyses. 

E X P E R I M E N T A L  

P u r i f i c a t i o n  of A c e t o n i t r i l e  

Spectrograde acetonitrile was dried and distilled over phosphorus 
pentoxide according to the method described by Weissberger [2]. 

I n f r a r e d  M e a  s u  r e m  e n  t 

The infrared spectra were obtained by using a Perkin-Elmer-237B 
spectrometer equipped with matching 0.5 mm sodium chloride cells. 
A Keuffel and E s s e r  compensating planimeter was used to measure 
the peak areas. 

Solutions (0.5%) of poly(itaconic anhydride) as well as  of the homo- 
polymer o r  the model compound of each of the comonomers, were pre-  
pared in anhydrous acetonitrile. Mixtures of varying compositions of 
these solutions were prepared and their  spectra  were obtained. The 
peak areas for  the anhydride peak a t  1864 cm" were measured, and 
a standard curve was obtained, in each case,  by plotting the percent 
anhydride content against the peak area. 

To determine the copolymer composition, spectra were obtained 
f o r  0.5% solutions of the copolymer and the areas of the peak a t  1864 
cm-' were measured in the same  manner. The percent anhydride 
content was then determined by using the standard curve, and the mole 
fraction of the anhydride moiety in the copolymer was calculated by 
the following procedure. Let A = percent of itaconic anhydride moiety 
in copolymer; B = 100 - A = percent of comonomer moiety in copoly- 
m e r ;  M = molecular weight of comonomer. Then the number of moles 
x of itaconic anhydride moiety in 100 g polymer is x = A/112 and the 
number of moles y of comonomer moiety in 100 g polymer is y = B/M 
and the mole fraction of itaconic anhydride moiety in the copolymer 
is x/(x + y). 
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DETERMINATION O F  COPOLYMER COMPOSITION 1023 

R E S U L T S  

I t a c o n i c  A n h y d r i d e -  2 - C h l o r o e t h y l  A c r y l a t e  

The copolymer composition of these polymers was obtained by 
elemental analysis for chlorine as well as infrared analysis. Figure 
1 shows the spectra of poly( itaconic anhydride) and of poly( 2-chloro- 
ethyl acrylate). Figure 2 shows the carbonyl absorbances of mixtures 
of poly( itaconic anhydride) and poly( 2-chloroethyl acrylate) of vary- 
ing anhydride content. The plot of the peak area against the percent 
anhydride content is shown in Fig. 3. Table 1 l is ts  the copolymer 
compositions of different itaconic anhydride-2-chloroethyl acrylate 
copolymers. 

I t a c o n i c  A n h y d r i d e - V i n y l  A c e t a t e  

The spectrum of poly(viny1 acetate) is shown in Fig. 1. The 
carbonyl absorbances of mixtures of poly (itaconic anhydride) and 
poly (vinyl acetate) with different anhydride contents and those for  
mixtures of poly (itaconic anhydride) and sec-butyl acetate are shown 
in Figs. 4 and 5. Plots of the peak a rea  against the percent anhydride 
content for these different mixtures are shown in Fig. 6. Table 2 l is ts  
the copolymer composition of different itaconic anhydride-vinyl 
acetate copolymers. 

I t a c o n i c  A n h v d r i d e - S t v r e n e  

Polystyrene was insoluble in acetonitrile, and a standard curve 
was obtained by diluting the stock solution of poly( itaconic anhydride) 
into 80, 60, 40, and 20% of the original concentration (0.5%). The 
spectra  for these dilutions were obtained, and the carbonyl absorb- 
ances are shown in Fig. 7. The plot of the peak area against poly- 
(itaconic anhydride) concentration is shown in Fig. 8. Table 3 gives 
the copolymer composition of the different itaconic anhydride-styrene 
copolymers determined both by elemental analysis for  carbon and 
infrared analysis. 

I t  a c  o n  i c  A n h y d r i d e  - p - M e t  h o x y s  t y r e n  e 

The standard curve was obtained by using mixtures of poly(itaconic 
anhydride) and the model compound of the comonomer unit, p- (sec- 
buty1)-anisole. Figure 9 shows the carbonyl absorbances for the 
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1026 SHARABASH AND GUILE 

1 2 3 4 

Peak Area  ( C m * )  

FIG. 3. Graph of the area of the carbonyl peak at 1864 cm" 
against the anhydride content in mixtures of poly (itaconic anhydride) 
and poly (2-chloroethyl acrylate). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



U
 

M
 

H
 

R
 

!a * 5 
T

A
B

L
E

 1
. 

C
op

ol
ym

er
 C

om
po

si
ti

on
 o

f 
It

ac
on

ic
 A

nh
yd

ri
de

-2
-C

hl
or

oe
th

yl
 

A
cr

yl
at

e 
P

ol
ym

er
s 

In
fr

ar
ed

 s
pe

ct
ra

 
E

le
m

en
ta

l 
an

al
ys

is
 

c3
 s 

C
op

ol
ym

er
 

co
nt

en
t 

( %
 ) 

(m
ol

e 
fr

ac
ti

on
) 

co
nt

en
t 

(%
) 

(m
ol

e 
fr

ac
ti

on
) 

0
 

A
nh

yd
ri

de
 m

oi
et

y 
A

nh
yd

ri
de

 m
oi

et
y 

C
hl

or
in

e 
A

nh
yd

ri
de

 m
oi

et
y 

?I cl
 

0
 

1 
46
.0
 

0.
50
6 

14
.9
4 

0.
48
 

2 
59
.0
 

0.
63
3 

11
.0
0 

0.
62
0 

3 
66
.0
 

0.
70
0 

9.
05
 

0.
69
0 

4 
70
.0
 

5 
76
.0
 

6 7 

81
.0
 

84
.0
 

0.
73
7 

0.
79
2 

0.
84
7 

0.
86
3 

9.
02
 

0.
70
0 

7.
60
 

0.
75
0 

6.
60
 

0.
78
5 

4.
50
 

0.
85
5 

8 
89
.0
 

0.
90
8 

3.
17
 

0.
92
0 

P
 

9 
95
.0
 

0.
94
5 

1.
90
 

0.
94
 5
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



' /  

I-- 
\ >  

-44 
0 

a, 
L-d 

a, 
0 
ld 

h 

3 
h 
0 a 
a 

h 

Y 

Y 

d 

.5 
v 

d 

2 

* 
0 
v1 
a, u c 
ld 

0 m .o 
ld 

-2 

1028 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1029 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1030 SHARABASH AND GUILE 

1 2 3 4 

Peak Area (Cm*) 

FIG. 6. Graph of the area of the carbonyl peak at 1864 cm" against 
the anhydride content in ( 0 ) mixtures of poly (itaconic anhydride) and 
poly(viny1 acetate) and ( 0 )  mixtures of poly(itaconic anhydride) and 
sec-butyl acetate. 
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DETERMINATION OF COPOLYMER COMPOSITION 1031 

TABLE 2. Copolymer Composition of Itaconic Anhydride- 
Vinyl Acetate Polymers 

Anhydride moiety Anhydride moiety 
Copolymer content ( 5 % )  (mole fraction) 

1 60.0 
2 71.0 

3 77.0 

4 81.0 
5 84.5 
6 89.0 

7 91.0 

8 94.0 
9 97.0 

0.535 

0.6 52 

0.720 

0.775 

0.807 

0.863 
0.882 
0.923 

0.960 

mixtures of varying anhydride content, while Fig. 10 is the plot of the 
peak area against the anhydride content. Table 4 gives the copolymer 
composition of the different itaconic anhydride-p-methoxystyrene co- 
polymers determined by both elemental analysis for carbon and infra- 
red analysis. 

D I S C U S S I O N  

The spectrum fo r  oly(itaconic anhydride) showed two strong peaks 
a t  1785 and 1864 em-'. The change in the area of the peak a t  1864 cm-' 
with concentration was used to construct the standard curves,  since 
i t  was not affected by the presence of any other type of carbonyl groups 
in the mixtures, The peak a t  1785 cm-', although stronger,  i t  showed 
an overlap with the e s t e r  carbonyl peak. The standard curves of the 
poly (itaconic anhydride) mixtures with either poly (vinyl acetate)  o r  
poly (2-chloroethyl acrylate) were practically superimposable. An- 
other standard curve obtained by mixing solutions of poly( itaconic 
anhydride) and sec-butyl acetate (model compound for  the vinyl ace- 
tate moiety) was s imilar  to that obtained by using poly(viny1 acetate) 
in the mixtures. This points out that the carbonyl peak a t  1864 cm" 
was not affected either by other carbonyls present in the mixture o r  
by the nature of the other component of the mixture (Le., polymeric 
o r  monomeric), and that i t  is possible to obtain the same  anhydride 
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DETERMINATION OF COPOLYMER COMPOSITION 1033 

1 2 3 4 

Peak Area (Cm*)  

FIG. 8. Graph of the area of the carbonyl peak at 1864 cm-' against  
the anhydride content. The 0.5% solutions represent  the 100% point 
on the graph. 
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1 2 3 4 

Peak Area (Cm*) 

FIG. 10. Graph of the area of the carbonyl peak at 1864 cm-' 
against the anhydride content in mixtures of poly (itaconic anhydride) 
and p- ( sec-  butyl) anisole. 
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concentrations as the mixtures used without the need for  mixing the 
homopolymer of the comonomer o r  even a model compound. Figure 
8 shows such a curve which is again almost superimposable on the 
other standard curves obtained. 

The data in Tables 1, 3, and 4 clearly show the reliability of the 
infrared analysis as compared with elemental analysis. Moreover, 
using infrared analysis, one can detect hydrolysis of the anhydride 
rings in the polymer which cannot be detected by elemental analysis 
and which may lead to e r r o r s  in determinations of composition. 
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