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ABSTRACT

Copolymers obtained by condensation of p-aminobenzoic acid,
p-bromoaniline, and formaldehyde in presence of acid catalyst
have been separated into five fractions. Quantitative estimation
of Br in each of the fractions was carried out, and the total
amount of acidic and basic functional groups in given weight of
the copolymer was calculated. Each of the fractions were
titrated potentiometrically and conductometrically in nonaque-
ous solvents, and an excellent correlation was obtained for
calculated and observed functional groups. The titration curves
also indicated a series of breaks which bear an integral relation
to each other, These features have been interpreted in terms
of intramolecular hydrogen bonding, homoconjugation, and
composition of the copolymers.

Preliminary work on some synthetic copolymers having acidic
and basic functional groups revealed that the composition and struc-
ture of the copolymers could be correlated with their titration curves
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in nonaqueous media [ 1, 2]. It was considered of interest to see
whether titrimetric methods could be used to ascertain the DP and
total acidity or basicity for a given weight of the copolymer. The
copolymer obtained by condensation of p-aminobenzoic acid, formal-
dehyde, and p-bromoaniline was chosen for this investigation, This
system is interesting in view of the fact that Br content of the frac-
tions from the copolymer could be obtained by chemical analysis

and each repeating unit of the copolymer contains an NH. group and
a COOH or a Br group. Thus one can calculate, from the Br content
of the various fractions, the mole ratio of p-aminobenzoic acid
(PAB) and p-bromoaniline (PBA) in the copolymer chain; consequently
the total acidity or basicity in a given weight of the copolymer could
also be calculated. The titration curves in nonaqueous media of the
various fractions of the copolymer showed some interesting features.
First, an excellent correlation could be seen between the calculated
quantity of total acidity/basicity and their observed values. Secondly,
a number of additional inflections were observed before the com-
plete neutralization of acidic/basic groups in a given weight of the
copolymer. These breaks occur in multiples of a '"smallest interval"
of added base/acid, and this smallest interval was found to be dif-
ferent for the various fractions. An attempt has been made in this
paper to correlate the hyperacid character of the functional groups
with intramolecular hydrogen bonding and estimation of DP of
various fractions separated from the copolymer.

EXPERIMENTAL

p-Aminobenzoic acid-formaldehyde-p-bromoaniline copolymer
(I) was prepared by refluxing a mixture of p~bromoaniline (0.5 mole),
p-aminobenzoic acid (0.5 mole), and formaldehyde (1.0 mole)} in the

) ) ) 2 Hy 2
G ’
COOH Br

Hy
Br COOH  COOH Br COOH
1

presence of 2 cc of 10 N HCI as catalyst for 2,5 hr at 130°C. The
reaction mixture was then poured into ice-cold water and washed
several times with water to remove unreacted monomers. The
polymer yield was about 80%. The copolymer thus obtained was
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then fractionated by dissolving about 7.0 g of the product in methanol,
the higher molecular weight fraction being separated on addition of
water as nonsolvent, Approximately 1.70, 1.10, 1,30, 1.60, and 1.30 g
of the copolymer separated at five consecutive stages of precipita-
tion. The Br contents of the conglomerate and of the five fractions
were found by treating the copolymer with sodium metal, and the
resultant sodium bromide was estimated by Volhard's method [ 3].

A Radiometer pH meter (model pHM26¢) with a glass (G202B)
electrode and a calomel (K-401) electrode as reference was used
for pH titrations, and a Leeds & Northrup conductance bridge (4959)
was used for conductometric titrations. The titrations were mostly
performed at room temperature and 2-3 min time was allowed after
each addition of titrant to obtain equilibrium readings. The titra-
tion vessel was stirred with a magnetic stirrer which was switched
off during each measurement. The copolymer concentration used
was about 1.5 g/liter, and the titrant was standardized daily. Pyri-
dine and glacial acetic acid were used as media for titrations and
sodium methoxide and perchloric acid as titrant base and acid,
respectively. The reproducibility of each titration curve was
checked and found to be within 2-3%.

RESULTS AND DISCUSSION

Figures 1-6 show the potentiometric and conductometric titra-
tion curves of the copolymer I and the five fractions separated from
it. The titrations were carried out in pyridine, sodium methoxide
and in some cases tetramethylammonium hydroxide (TMAH) being
used as titrant bases. The conductomefric titration curves with
sodium methoxide as titrant base (curves B in Figs. 1-6) of the
copolymer and the five fractions invariably showed a distinct final
break, which represents the complete neutralization of total COOH
groups in a given weight of the copolymer. Some coincidence could
be observed when the same copolymer and their fractions were
titrated conductometrically in the same solvent with TMAH as titrant
base (e.g., curves A in Figs, 1-6), The corresponding potentiometric
curves {(curves C in Figs. 1-6) of the copolymers showed only one
or two very sharp inflections. Interestingly enough, the breaks or
inflections of a particular fraction occur in multiples of a smallest
interval, and this smallest interval is found to be different for the
various fractions. The coincidence between breaks and inflections
obtained for a particular fraction referred to the smallest interval
only and does not refer to the presence of an inflection for every
break in its conductometric curve. Since, on the basis of Br
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FIG. 1. Titration curves of conglomerate in pyridine: (A) con-
ductometric curve, TMAH as titrant; (B) conductometric curve,
sodium methoxide as titrant; (C) potentiometric curve, sodium
methoxide as titrant.
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FIG. 2. Titration curves of fraction 1 in pyridine: (A) con-
ductometric curve, TMAH as titrant; (B) conductometric curve,
sodium methoxide as titrant; (C) potentiometric curve, sodium
methoxide as titrant.
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FIG, 3. Titration curves of fraction 2 in pyridine: (A) condue-
tometric curve TMAH as titrant; (B) conductometric curves, sodium
methoxide as titrant; (C) potentiometric curve, sodium methoxide

as titrant.
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FIG. 4. Titration curves of fraction 3 in pyridine: (A) conduc-
tometric curve, TMAH as titrant; (B) conductometric curve, sodium
methoxide as titrant; (C) potentiometric curve, sodium methoxide
as titrant.
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FIG, 5. Titration curves of fraction 4 in pyridine: (A) conducto-
metric curve, TMAH as titrant; (B) conductometric curve, sodium
methoxide as titrant; (C) potentiometric curve, sodium methoxide
as titrant,
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FIG. 6. Titration curves of fraction 5 in pyridine: (A) conducto-
metric curve, TMAH as titrant; (B) conductometric curve, sodium
methoxide as titrant; (C) potentiometric curve, sodium methoxide
as titrant.
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estimation of the conglomerate and of the various fractions, one can
calculate the total amount of NH: and COOH groups in a given weight
of the copolymer, it was considered worthwhile also to determine
experimentally the total amount of NH: groups in a given weight of
the conglomerate and the various fractions. Figures 7-12 show

the conductometric and potentiometric curves of the conglomerate
and the five fractions in glacial HAC medium with perchloric acid

as titrant. The conductometric curves (curves A in Figs. 7-12)
showed a number of breaks at definite intervals and the correspond-
ing potentiometric curves (curves B in Figs. 7-12) showed invariably
one sharp inflection, The smallest interval was found to be identical
for a particular fraction, irrespective of whether it is titrated with
base or an acid, The copolymer chains contain two distinct types of
repeating units, which are either linked in a completely random
manner, or there may be a small block of one type of repeating unit

NH, NH,
COOH Br
A Unit B Unit

followed by another block of the other repeating unit. Since both the
repeating units A and B contain one equivalent each of NH, group
and a COOH group or a Br group, on the basis of Br estimation of
the conglomerate and each of the fractions, the total amount of NH:
and COOH groups per 100/ of the copolymer can be calculated.
Excellent agreement could be seen (Table 1) between the calcu-
lated total amount of NHz and COOH groups and the values found
from the titration curves.

A distinct feature of the conductometric titration curves of the
conglomerate and each of the fractions is the presence of a large
number of additional breaks before the complete neutralization of
acidic/basic functional groups in a given weight of the copolymer.
As already mentioned, these breaks occur in multiples of a smallest
interval between any two consecutive breaks. These observations
are significant in view of the fact that each repeating unit of the
copolymer contains an NH; group, and if we divide the calculated
amount of acid required to neutralize all NHz groups in 100 g of
copolymer by the amount required to neutralize one NH. group
(smallest interval), the DP of copolymer can be calculated. The
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FIG. 7. Titration curves of conglomerate in glacial acetic acid
with perchloric acid as titrant: (A) conductometric curve; (B) poten-
tiometric curve.
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FIG. 8. Titration curves of fraction 1 in glacial acetic acid with
perchloric acid as titrant: (A) conductometric curve; (B) potentio-
metric curve.
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FIG. 10, Titration curves of fraction 3 in glacial acetic acid with
perchloric acid as titrant: (A) conductometric curve; (B) potentio-
metric curve.
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metric curve.

884

{mho) x 105 {curvea)

SPECIFIC CONDUCTANCE



885

COPOLYMER TITRATIONS

"UOTJRWIS3 I JO SISEq 94} UO,,

G62 062 019 009 €0°1:L6°0 69 001 LL'VE A uorjorxg
S1¥y 1447 G09 019 1L°0°68°1 0¥ g6l c1'Ll Al uonjoeayq
08¥ 89% 6%9 (43Y] £6°0:LF°1 Ge 0°81 A IT1 uorjoexy
o€ Le 08¢ 6%S 06°1:01°0 Le £'02 LSy II uoTjoer g
09 (44 GGG 41 I8°1:61°0 0¢ L°L3 96°6¢ 1 uonjoexg
0¢e (444 009 019 LT 1:EL°0 Ge VL 96°0¢ ajeIawoiduo)
puno g mvo—mo punog mvSaU or1jex [eAaxojul da (%) rawdodon
Je[owr  j)s9rewIg o8eJyoay JuoUOD Ig
(1owf[odoo (19wLrodod vdd:gvd
Jo 8 001 jo 3 001
/baur) sdnoxs /bew) sdnoa3
HOQD 18101 ZHN 18101,

suolorag sy pue sdwkjodo) (vdd) duiftueowoag-d/opiy
-oprew1og /(dv d) P19y d1ozuaqourury -d ut sdnoan d1Seg pue 9110y JO SIUNOWY PIAI9IS( ' AT1dVL

1102 Alenuer Sz S0 :60

v pspeo jumog



09: 05 25 January 2011

Downl oaded At:

886 CHATTERJEE AND PACHAURI

number of inflections observed in the corresponding potentiometric
curves was comparatively smaller. The discrepancy in the nature of
the conductometric and potentiometric curves is expected, because
factors such as ion association, intramolecular hydrogen bonding,
and different degrees of dissociation between various acid-anion or
base-cation complexes in a medium of low dielectric constant will
influence the conductometric curve much more than the potentio-
metric curve. Kolthoff and co-workers [ 4-6] also observed such
behavior in the conductometric titration of weak acids in nonaqueous
solvents,

The fact that some of the NH, or COOH groups of the copolymer
molecule are neutralized earlier than others indicates that they
have a stronger basic/acidic character, Sprengling [ 7] attributed
the hyperacidity of o,0'-dihydroxydiphenylmethane compounds to
intramolecular hydrogen bonding. Another possible reason for the
difference in the acidic/basic strengths of the groups, is the pres-
ence of different sequence combinations of repeating units in the
copolymer chain. It may also be possible that the number of func-
tional groups involved in the formation of intramolecular hydrogen
bonds may influence the acidic/basic strengths of the groups.
Infrared [ 8] and conformational [9] studies also revealed the pres-
ence of hydrogen bonding in such compounds. The infrared spectra
of all the fractions and the conglomerate showed fairly sharp ab-
sorptions in the range 3450-3600 cm™" and 3070-3350 cm™*,
showing the probable presence of H---O-H and N---H-N intramolecu-
lar hydrogen bonding.

An important aspect of the study is that nonaqueous titrations may
provide a fairly elegant method of estimation of relative amounts of
various repeating units present in a copolymer chain.
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