
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Reactivity Ratios for Some Phenolic Copolymerization Systems
S. K. Chatterjeea; L. S. Pachauria; N. Chatterjeea

a Department of Chemistry, University of Delhi, Delhi, India

To cite this Article Chatterjee, S. K. , Pachauri, L. S. and Chatterjee, N.(1981) 'Reactivity Ratios for Some Phenolic
Copolymerization Systems', Journal of Macromolecular Science, Part A, 15: 2, 323 — 329
To link to this Article: DOI: 10.1080/00222338108066448
URL: http://dx.doi.org/10.1080/00222338108066448

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338108066448
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SC1.-CHEM., A15(2), pp. 323-329 (1981) 

Reactivity Ratios for Some 
Phenolic Copolymerization Systems 

S. K. CHATTERJEE, L. S. PACHAURI, and N. CHATTERJEE 

Department of Chemistry 
University of Delhi 
Delhi-110007, India 

A B S T R A C T  

Reactivity ra t ios  of some p- substituted aniline-p-hydroxy- 
benzoic acid copolymerization systems have been determined 
by the linear graphical method of Kelen and Tudos. It was 
found that the copolymerization parameters  are affected by the 
nature of acidic functional groups present in the comonomers, 
and the sequence of reactivity of comonomers is found to be of 
the same order as that of their acid strengths. 

The classical  copolymer composition equation correlates  copolym- 
erization parameters  rl and r z  with the composition of a co olymer 
and the composition of monomer feed. Several authors [ 1-57 applied 
various procedures to evaluate the reactivity ra t ios  r l  and 1'2 from the 
known compositions of copolymers and monomer feed. Most [ 11 of 
these procedures for the determination of reactivity ra t ios  a r e  not 
entirely satisfactory. Recently, however, Kelen and TUd6s [ 61 have 
discussed the mer i t s  and drawbacks of some of these procedures, 
and suggested a new graphical linear method for the determination 
of r l  and 1-2. The distinct advantage of this method is that the inde- 
pendent variable of the linear function var ies  in the range (0, 1) 
whereas in other linear methods it var ies  in the range (0, m). The 
object of the present investigation is to find out whether the Kelen- 
Tudos method can be applied to determine reactivity ra t ios  for some 
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simple phenolic copolymerization systems. An attempt will also be 
made to study how the copolymerization parameters are affected by 
the nature of substituents on the comonomers. The following systems 
have been chosen €or the present investigations: p-hydroxybenzoic 
acid has been taken a s  the common monomer, and three different 
copolymers were prepared by condensing it with formaldehyde and 
one of the following monomers: sulfanilic acid, p-aminobenzoic acid, 
p-amino phenol. Several samples of each of these copolymers were 
also prepared by choosing various feed compositions. 

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

Five samples of p-hydroxybenzoic acid (PHB)-sulfanilic acid (SA)- 
formaldehyde random copolymer (I) have been prepared by refluxing 
the components in various proportions in the presence of 2 mL of 
10 - N HC1 as  catalyst for 2$ hr a t  130°C. 

I 

Under identical conditions, Copolymers I1 and I11 were prepared 
by refluxing the common monomer (PHB) with formaldehyde and one 
of the monomers, e.g., p-aminobenzoic acid (PAB) or  p-amino phenol 
(PAP). Several samples of each of the above copolymers were pre- 
pared by choosing different feed compositions. Compositions of the 
copolymers were determined by potent iometr ic and conduc tome tr ic 
titration techniques in nonaqueous media. The details of the titration 
procedure have been described elsewhere [ 71. 

R E S U L T S  AND DISCUSSION 

Composition of copolymers, monomer feed, and the values of (Y for 
the copolymerization systems under study are summarized in Table 1. 
Reactivity ratios were calculated from the data given in Table 1 accord- 
ing to the equation of Kelen and Tiidtis: 

r2 x2 r 2  
X(Y - I)/(c~y + x2 ) = (r 1 + - - - - 

cr cry+x2 cY 
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I1 

111 

where x is the ratio of mole fractions of Monomer 1 (MI)  and Mono- 
mer 2 (M2 ) in the monomer feed, y is the ratio of mole fractions of 
MI and M2 in the copolymer, and (Y is a constant. The equation 
parameter (Y can be computed according to 

x x  min max 
( Y =  

(YminYmax )OS5 

Equation (1) can be expressed a s  a linear relationship between 
x(y - l)/(cry + x2 ) = 77 and x2/(cry + x2 ) = 5 .  The variations of 71 with 
{ for the copolymerization systems I, 11, and I11 a re  illustrated in 
Figs. 1, 2, and 3, respectively. In all the three figures, except at  
the extreme composition range, reasonably good agreement is ob- 
served between experiment and Eq. (1). 

The reactivity ratios r1 and 1-2 have also been calculated from 
the Fineman-Ross equation: 

where x and y denote the same quantities a s  in Eq. (1). The results 
a r e  listed in Table 2. The values determined from the Kelen-TudGs 
equation (Eq. 1) compares favorably with those obtained from the 
Fineman-Ross equation (Eq. 3)  (see Table 2). 

It is evident from Table 2 that the reactivity ratios vary with 
the substituent in the phenyl ring of comonomers having the general 
for mula 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 1

. 
S

ys
te

m
s 

a
 

C
om

po
si

ti
on

s 
of

 p
-S

ub
st

it
ut

ed
 A

ni
li

ne
 (

M
I)

 an
d 

p-
H

yd
ro

xy
be

nz
oi

c 
A

ci
d 

(M
z)

 C
op

ol
ym

er
iz

at
io

n 
0

 

R
at

io
 o

f 
m

ol
e 

fr
ac

ti
on

 o
f 

fr
ac

ti
on

 o
f 

m
on

om
er

 i
n 

m
on

om
er

 i
n 

fe
ed

, 
co

po
ly

m
er

, 

R
at

io
 of

 
m

ol
e 

F
ee

d 
C

om
po

si
ti

on
 

C
op

ol
ym

er
 

C
om

po
si

ti
on

 
x 

=
 M

~
/

M
~

 
y=

d[
M

i]
/d

[M
zI

 
a 

SA
 

PH
B

 
SA

 
P

H
B

 
0
 

X
 

1.
51

96
 

2 
1.

23
46

 
* e 

O
.lm

 
0.

32
 

0.
68

 
0.

11
11

 
0.

47
06

 
b 

0.
9m

 
0.

 lm
 

1.
10

50
 

0.
89

5 
0.

90
00

 
0.

7m
 

0.
3m

 
0.

98
83

 
1.

01
17

 
2.

33
33

 
0.

97
69

 
c3
 

0.
5m

 
0.5

11
1 

0.
65

33
 

1.
34

67
 

1.
00

00
 

0.
48

51
 

0.
3m

 
0.

7m
 

0.
61

31
 

1.
38

69
 

0.
42

86
 

0.
44

21
 

O
.lm

 
0.

9m
 

0.
51

93
 

1.
48

07
 

0.
11

11
 

0.
35

07
 

M
 

M
 

PA
B

 
P

H
B

 
P

A
B

 
P

H
B

 

X
 

0.
9m

 
* 

0.
2m

 
0.

8m
 

0.
20

 
0.

80
 

0.
25

00
0 

0.
25

00
 

C
 

3.
00

00
 

0.
33

m
 

0.
66

m
 

0.
75

 
0.

25
 

0.
50

00
 

0.
5m

 
0.

5m
 

0.
57

 
0.

43
 

1.
00

00
 

1.
32

56
 

0.
58

97
 

3 
0.

66
m

 
0.

33
m

 
0.

44
 

0.
56

 
2.

00
00

 
0.

78
57

 
0.

8m
 

0.
2m

 
0.

84
 

0.
16

 
4.

00
00

 
5.

25
00

 
0.

9m
 

O
.lm

 
0.

09
48

 
1.

90
52

 
9.

00
00

 
11

.5
00

0 

P
A

P
 

PH
B

 
P

A
P

 
P

H
B

 
0.

9m
 

O
.lm

 
0.

37
94

 
1.

62
05

 
9.

00
00

 
0,

23
41

 
0.

7m
 

0.
3m

 
0.

27
10

 
1.

72
90

 
2.

33
33

 
0.

15
67

 

0.
3m

 
0.

7m
 

0.
12

20
 

1.
87

80
 

0.
42

86
 

0.
06

50
 

M
 

0:
lm

 
0.

9m
 

0.
09

48
 

1.
90

52
 

0.
11

11
 

0.
04

98
 

!i 0
 

31
 

c3
 

M
 

0.
5m

 
0.

5m
 

0.
20

32
 

1.
79

68
 

1,
00

00
 

0.
11

31
 

9.
24

12
 

M 5 e 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
0
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



PHENOLIC COPOLYMERIZATION SYSTEMS 327 

1 
0.0 

-1 0 

0 . 0  

-1. 0 

1,,,,,1,IIl 0.8 
0.2 0.L 0.6 

4- 

FIG. 1. Kelen-Tud6s plot of p- hydroxybenzoic acid-sulfanilic 
acid copolymerization system (a = 1.5196). 
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FIG. 2. Kelen-Tiidas plot for p-hydroxybenzoic acid-p-amino- 
benzoic acid copolymerization systems (a = 0.5897). 
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FIG. 3. Kelen-Rdos plot for p-hydroxybenzoic acid-p-amino 
phenol copolymerization system (a = 9.2412). 
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328 CHATTERJEE, PACHAURI, AND CHATTERTEE 

TABLE 2. Copolymerization Parameters  of p-Substituted Anilines 
(M1) with p-Hydroxybenzoic Acid (Ma) 

NO. Coinonomer Equationa r l  1-2 l/r 1 
~ 

1. Sulfanilic acid KT 0.1 1.29 10 

FR 0.1 1.30 10  

2. p- Aminobenzoic KT 1.35 1.00 0.74 

FR 1.30 1.11 0.76 acid (PAB) 

3. p-Amino phenol KT 

(PAP) FR 

0.0 6.46 - 
0.0 6.11 - 

KT = Kelen-Tud6s, Eq. (1); FR = Fineman-Ross, Eq. (3). a 

A 

where R is S03H, COOH, or  OH. 

given radical can be expressed in te rms  of the reciprocal of a reac-  
tivity ratio ''r.'' On comparing the reciprocal of r l  for the three 
monomeric species, e.g., sulfanilic acid (SA), p-aminobenzoic acid 
(PAB), and p-amino phenol (PAP), it has been observed that the 
reactivity is SA (S03H group) > PAB (COOH group) > PAP (phenolic 
OH). Since the reactivity ratio r l  of p-amino phenol (PAP) has been 
found to be zero by both methods, not much significance can be 
attached to its reciprocal value. 

Thus it may be concluded from this preliminary investigation that 
copolymerization parameters a r e  affected by the nature of acidic 
functional groups present in the comonomers. The sequence of reac- 
tivity of comonomers is found to be of the same order a s  that of their 
acid strengths. 

The relative reactivity of the "unlike and like" monomers with a 
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