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the Reactivity Ratios of Some Phenolic Monomers
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ABSTRACT

The reactivity ratios of some halogen-substituted phenolic mono-
mers have been determined by the linear graphical method of
Kelen and Tiidis. The nature of functional groups present in the
comonomer influence the order of reactivity of p-chlorophenol,
p-bromophenol, and p-iodophenol. The behavior of these mono-
mers during copolymerization reaction has been interpreted in
terms of 1) different degrees of resonance stabilization of the
monomers, and 2) opposite polarization caused by the substituents
present in the comonomer.

INTRODUCTION

The reactivity of a monomer is greatly influenced by the nature of
functional groups present in it. However, the behaviors of monomers
differs in copolymerization reactions, and the classical copolymeriza-
tion equation does not give an explanation of why this should be so.
Keeping this fact in view, it was considered of interest to study the re-
activity of some halogen-substituted phenolic monomers when they are
copolymerized with aniline monomers having various types of acidic
functional groups (e.g., —SOsH, -COOH, phenolic OH). These systems
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are interesting in view of the fact that such factors as 1) the electron-
donating or electron-attracting nature of the substituent, 2) the reson-
ance stabilization of the comonomers, and 3) the relative strength of
acidic functional groups present in the comonomers may influence the
reactivity of halogen-substituted phenolic monomers, and this is likely
to be reflected in their reactivity ratios. Though reactivity ratios of
various monomers have been calculated by several authors using
linear [1], nonlinear [2-68], specific copolymerization equation, and
computer programming routines [8], we have preferred to use the
Kelen-Tiidds [9] new linear graphical method for determining these
parameters because of its distinct advantages over other linear
methods.

EXPERIMENTAL

The following copolymers (1-9) have been prepared by refluxing
the monomers of different feed compositions with HCHO in the pres-
ence of 2 mL of 10 N HCI for 23 h at 130°C. The copolymer yield in
most of the cases was around 70-75%.

The comonomer for Copolymers 1-3 is sulfanilic acid (SA):

GGG S

SOgH

where, for Copolymer 1, X = Cl; for Copolymer 2, X = Br; and for
Copolymer 3, X =1L
The comonomer for Copolymers 4-6 is p-aminobenzoic acid (PAB);

eadgdpepdpey

COOH COOH COOH

where, for Copolymer 4, X = Cl; for Copolymer 5, X = Br; and for Co-
polymer 6, X = L
The comonomer for Copolymers 7-9 is p-aminophenol (PAP):
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OH OH OH OH OH OH
cu,@cu,@cu2©cnz©cuz©<nf
X NH, NH, X NH, X
where, for Copolymer 7, X = Cl; for Copolymer 8, X = Br; and for Co-
polymer 9, X = 1.
The compositions of the copolymers were determined by electro-
metric titration techniques in nonaqueous media [10]. Volhard's

method has been employed to estimate the halogen content of the co-
polymers [11].

RESULTS AND DISCUSSION

Data concerning the composition of the copolymers and the monomer
feed and the value of a for copolymerization systems 1-9 are summar-
ized in Tables 1-3. Reactivity ratios r, (halogen-substituted phenols),
and ra (sulfanilic acid (SA), or p-aminobenzoic acid (PAB), or p-amino-
phenol( PAP)), were calculated from the data given in the Tables 1-3,
using the following equation of Kelen and Tidds [9]:

x(y-1) r; x ra
—— = (r1+—) - — (D
(ay + ¥) a ay+¥ o«

where x is the ratio of mole fractions of monomer (M,) and monomer
{M;) in the monomer feed, and y is the ratio of mole fractions M, and
M; in the copolymer. Parameter a is given by

b
min xmax
)0.5

a =

(YminYmax

Equation (1) can also be expressed as a linear relationship between
[x(y-1)]/(ay+**) = n and x/(ay + ) = £&. The variation of  with £ is
shown in Figs. 1to 9 for copolymerization systems 1to 9. The re-
activity ratios r. and r: of the various monomers have been calculated
from the linear plots and are given in Table 4.
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FIG. 1. Kelen-Tiidls plot for copolymerization of sulfanilic acid
and p-chlorophenol.
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FIG. 2. Kelen-Tiidbs plot for copolymerization of sulfanilic acid
and p-bromophenol.
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FIG. 3. Kelen-Tiid8s plot for copolymerization of sulfanilic acid
and p-iodophenol.
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FIG. 4. Kelen-Tiid8s plot for copolymerization of p-aminobenzoic
acid and p-chlorophenol.
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FIG. 5. Kelen-Tiidbs plot for copolymerization of p-aminobenzoic
acid and p-bromophenol.
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FIG. 6. Kelen-Tiids plot for copolymerization of p-aminobenzoic
acid and p-iodophenol.
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FIG. 7. Kelen-Tiidls plot for copolymerization of p-aminophenol
and p-chlorophenol.
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FIG. 8. Kelen-Tiidls plot for copolymerization of p-aminophenol
and p-bromophenol.
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FIG. 9. Kelen-Tiid8s plot for copolymerization of p-aminophenol
and p-iodophenol.
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TABLE 4. Reactivity Ratios for Copolymerization Systems

(Ito IX)2

No. Comonomer r, ) 1/r 1/12
Sulfanilic acid (M,)

1 p-Chlorophenol (M;) 0.075 1.0353 13.3333 0.9661

I p-Bromophenol (M;) 0.08 1.4022 12.5000 0.7131

Juis p-lodophenol (M;) 0.2 4,0698 5. 0000 0.2457

p-Aminobenzoic acid (Ma)

1 p-Chlorophenol (M;) 0.20 1.4763 5.0000 0.6773

I p-Bromophenol (M;) 0.12 1.0795 8.3333 0.9263

m p-Iodophenol (M;) 0.00 1.4892 - 0.6715
p-Aminophenol (Ma)

I p-Chlorophenol (M;) 0.30 1.2026 3.3333 0.8315

n p~-Bromophenol (M,) 0.52 1.2445 1.9231 0.8035

I p-Iodophenol (M,) 0.90 1.3344 1.1111 0.7494

3Calculations are based on the Kelen-Tiidds equation.

The general obgervations from Table 4 may be summarized as fol-
lows. Since the reciprocal of a reactivity ratio gives the relative re-
activity of monomers with a given comonomer, one can write the fol-
lowing relative order of reactivity of halogen-substituted phenolic
monomers when they are copolymerized with SA, PAB, and PAP, re-

spectively (see Table 4).

p-Chlorophenol (1/r1) > p-bromophenol (1/r,)> p-iodophenol

(1/r1) (comonomer: SA)

p-lodophenol (1/r1)> p-bromophenol (1/r,)> p-chlorophenol

(1/r1) (comonomer: PAB)

p-Chlorophenol (1/r:1) > p~bromophenol (1/r1)> p-iodophenol

(1/r1) (comonomer: PAP)

However, on comparing the reciprocal of r2 for the monomers SA,
PAB, and PAP, the following order has been obtained (cf. Table 4):
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SA (1/r3) > PAP (1/r3) > PAB (1/r2) (comonomer: p-chloropheno
PAB (1/r2)> PAP (1/r2)> SA (1/r:) (comonomer: p-bromophen:

PAP (1/r3)> PAB (1/r2)> SA (1/r;) (comonomer: p-iodophenol)

When SA is copolymerized with p-chlorophenol, p-bromophenol, anc
p-iodophenol, respectively, its reactivity (i.e., 1/r;) decreases in the
order of electronegativity of the halogen substituent in the comonomer
Similar observations have been made in the case of PAP. However, th
reactivity (1/rs) of PAB on copolymerization with either p-chlorophen
and p-iodophenol is almost identical, and it is slightly higher with p-
bromophenol as the comonomer (see Table 4).

Some of these interesting observations may be explained on the bas
of the following factors: 1) different degrees of resonance stabilizatio
of the monomers, and 2) the opposite polarization caused by the electr
donating or electron-withdrawing substituents present in the monomer
Because of the presence of a COOH group, p-aminobenzoic acid ( PAB,
expected to have a higher degree of resonance stabilization compared
SA and PAP. As a result of resonance stabilization and polarization
due to the presence of a COOH group, the PAB molecule would prefer
to add monomers with an electron-donating group. Since iodine is less
electronegativé® compared to bromine and chlorine, p-iodophenol react
more readily with PAB compared to p-bromo- or p-chlorophenol. This
was actually the sequence of reactivity obtained when these halogen-
substituted phenolic monomers were copolymerized with PAB (cf.
Table 4).

On copolymerization with p-chlorophenol, the observed sequence of
reactivity (i.e., 1/r;) of the monomers SA, PAP, and PAB can also be
explained on the bagis of the relatively lower degree of polarization of
SA compared to PAP and PAB. With p-bromophenol or p-iodophenol
as the comonomer, the sequence of reactivity of the above three mono-
mers again changes. This obviously indicates that the reactivity of
these monomers depends to a large extent on the electronegativity of
the halogen substituents present in the phenolic comonomer. In gen-
eral, it may be stated that a growing chain end with a structural unit
containing an electron-donating substituent (i.e., which, as a result of
polarization, carrys a negative overcharge) prefers to add a monomer
with an electron-attracting substituent. The opposite effect is also ex-
pected to hold good.

In conclusion, the rate of addition of monomers in a copolymeriza-
tion reaction depends not only on the opposite polarization caused by
electrophilic or neucleophilic substituents but also on the magnitude
of resonance stabilization of the monomers. In fact, the overlapping
of these two effects probably influences the rate of addition of the two
monomeric species in a copolymerization reaction.
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