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ABSTRACT: The hydrogen-bonding interpolymer association between poly(acrylic acid) (PAA) and the
poly(N,N-dimethylacrylamide) (PDMAM) side chains of a negatively charged graft copolymer was studied
in aqueous solutions. The graft copolymers, P(AA-co-AMPSA)-g-PDMAM, contain 50 wt % PDMAM, while
their backbone comprises acrylic acid (AA) and mostly 2-acrylamido-2-methylpropane sulfonic acid
(AMPSA) units. The formation, at low pH, of compact and soluble hydrogen-bonding interpolymer
complexes between PAA and the side PDMAM chains, is suggested by combining turbidimetry and dilute
solution viscosity measurements. Moreover, in semidilute solutions, the pH-controlled association—
dissociation of these water-soluble hydrogen-bonding interpolymer complexes results in a spectacular

pH-controlled thickening behavior.

Introduction

The formation of hydrogen-bonding interpolymer
complexes between proton donor and proton acceptor
polymers in aqueous solution has been widely studied
during the past four decades.’* The proton donors are
usually weak polycarboxylic acids, for instance poly-
(acrylic acid) (PAA) and poly(methacrylic acid) (PMAA),
whereas the proton acceptors are nonionic polybases,
for instance poly(ethylene oxide), poly(meth)acryla-
mides, poly(N-vinylpyrrolidone), etc. In general, in
aqueous solutions of mixtures of such complementary
polymers, hydrogen-bonding association between the
carboxylic groups of the polyacid and the nonionic
polybase occurs, leading to the formation of compact
hydrogen-bonding interpolymer complexes. An impor-
tant limitation of these interpolymer complexes is that
they are usually soluble only within a narrow pH
window.58 At pH values higher than 4-5, dissociation
of these hydrogen-bonding interpolymer complexes oc-
curs, due to the increase of the ionized sites (carboxylate
groups) in the polyacid chain. These noncomplexable,
negatively charged, groups are structural defects, not
allowing to the polyacid chain to adopt the appropriate
conformation in order to associate with the nonionic
polybase chain.®~12 On the other hand, at pH values
lower than 3—3.5, the hydrogen-bonding interpolymer
complex formed precipitates, because the fraction of the
carboxylate anions in the polyacid chain, mainly re-
sponsible for the solubility of the complex, decreases
considerably.’3-18 |n summary, when pH is higher than
4—5 hydrogen-bonding interpolymer complexation is not
possible, while at pH lower than 3—3.5 associative phase
separation takes place.

Extension of the solubility of the hydrogen-bonding
interpolymer complexes in the low pH region is of
importance, as this would allow original properties to
be observed and could enlarge the spectrum of the
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potential applications of such complexes. In this study
we present a synthetic method to achieve this goal by
the covalent binding of the nonionic polybase onto a
hydrophilic negatively charged backbone (Scheme 1).
The backbone consists of acrylic acid (AA) and 2-acry-
lamido-2-methylpropane sulfonic acid (AMPSA) mono-
mer units, while poly(N,N-dimethylacrylamide) (PD-
MAM) is used as the nonionic polybase. The synthesis
of these graft copolymers involves three steps: (i)
synthesis of the backbone through free-radical copolym-
erization of AA with AMPSA in water; (ii) synthesis of
the end-functionalized PDMAM chains through telom-
erization, using an NH,-containing transfer agent; and
(iii) grafting of the amine-terminated PDMAM chains
to the copolymer backbone through amide formation in
water, by means of a water-soluble coupling agent.

PDMAM is a water-soluble polymer with important
proton acceptor properties and forming hydrogen-bond-
ing interpolymer complexes with PAA,19~27 precipitating
out from water even at pH values as high as 3.7.2426
When the above-described graft copolymers are mixed
with PAA in aqueous solution in the low pH region,
hydrogen—bonding interpolymer complexes between the
PDMAM side chains and PAA are also formed. Never-
theless, the large fraction of the negatively charged
AMPSA units introduced into the graft copolymer
backbone provides the interpolymer complexes formed
with sufficient hydrophilicity, so that in dilute solution
their solubility is assured even at low pH,?8 while in
semidilute solution a thickening phenomenon is ob-
served by decreasing pH.

Experimental Section

Materials. The two samples of PAA used, PAA9O (Poly-
sciences) and PAA500 (Aldrich) with nominal molecular
masses 90 000 and 500 000 Da, respectively, were dissolved
in a 0.01 N HCI solution, dialyzed against water through a
cellulose membrane with a molecular weight cutoff 12 kDa
(Sigma) and finally obtained by freeze-drying.

The monomers acrylic acid (AA) and 2-acrylamido-2-meth-
ylpropane sulfonic acid (AMPSA) were purchased from Poly-
sciences, while the monomer N,N-dimethylacrylamide (DMAM)
was a product of Aldrich. Ammonium persulfate (APS, Serva),
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Scheme 1. A Schematic Depiction of the Graft
Copolymers Prepared to Form Hydrogen-Bonding
Interpolymer Complexes with PAA Soluble at Low
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@ The chemical structure of the monomers comprising the
graft copolymers is also presented.

potassium metabisulfite (KBS, Aldrich), 2-aminoethanothiol
hydrochloride (AET, Aldrich), and 1-(3-(dimethylamino)pro-
pyl)-3-ethyl-carbodiimide hydrochloride (EDC, Aldrich) were
used for the synthesis of the graft copolymers.

For the preparation of the buffer solutions NacCl, citric acid
(CA), and Na;HPO, from Merck were used.

Water was purified by means of a Seralpur Pro 90C
apparatus combined with a USF Elga laboratory unit.

Polymer Synthesis. Amine-terminated PDMAM was syn-
thesized by free radical polymerization of DMAM in water at
30 °C for 6 h using the redox couple APS and AET as initiator
and chain transfer agent, respectively. The polymer was
purified by dialysis against water through a membrane and
freeze-dried.

Two copolymers of AA and AMPSA, P(AA-co-AMPSA36) and
P(AA-co-AMPSA70), containing 36 mol % and 70 mol %
AMPSA units respectively, were prepared by free radical
copolymerization of the two monomers in water, after partial
neutralization (80—85% mol) with NaOH at pH ~ 6—7, at 30
°C for 6 h using the redox couple APS/KBS. The products
obtained were then fully neutralized (pH = 11) with NaOH,
purified by dialysis and freeze-dried. Their composition was
determined by acid—base titration and by elemental analysis-
(Carlo-Erba CHNS-O elemental analyzer EA 1108).

The graft copolymers, P(AA-co-AMPSA36)-g-PDMAM and
P(AA-co-AMPSA70)-g-PDMAM, were synthesized by a cou-
pling reaction between P(AA-co-AMPSAS36) or P(AA-co-AMP-
SA70) and amine-terminated PDMAM. The two polymers were
dissolved in water at a 1:1 weight ratio. Then, an excess of
the coupling agent, EDC, was added and the solution was let
under stirring for 6 h at room temperature. Addition of EDC
was repeated for a second time. The products were purified
with a Pellicon system equipped with a tangential flow filter
membrane (Millipore, cut off = 100 kDa) and freeze-dried.

Characterization. The chemical composition of the copoly-
mers has been assessed by elemental analysis and acid—base
titration. The molecular weights of the polymers synthesized
were determined by light scattering in NaCl 1 M. The
characterization results are reported in Table 1.

Size exclusion chromatography (Waters 501 HPLC pump
equipped with two Shodex OH-pak columns, B804 and B805)
was used to confirm the completion of the grafting reaction.

Turbidimetry. The change in absorbance at 490 nm of
aqueous polymer mixtures was monitored as a function of pH
at room temperature by means of a Hitachi spectrophotometer
model U 2001, equipped with a circulating water bath.

Rheology. Reduced viscosity studies and intrinsic viscosity
determination were carried out with an automated viscosity
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measuring system (Scott-Gerate AVS 300, Germany) equipped
with an Ubbelohde-type viscometer, at 25 + 0.02 °C.

Steady-state shear viscosity measurements of semidilute
aqueous polymer mixtures were performed on a Rheometrics
SR-200 controlled-stress rheometer, using a cone-plate geom-
etry (diameter = 25 mm, angle = 2°).

Sample Preparation. For the physicochemical studies in
dilute solution, pH adjustment was achieved by appropriately
mixing 0.05 M CA with 0.05 M NayHPO, solutions. Both
solutions were containing NaCl at a concentration of 0.1 M
for the adjustment of the ionic strength.

For the rheological studies in semidilute solution, pH
adjustment was achieved by appropriately mixing 0.15 M CA
with 0.15 M Na,HPO;, solutions.

Results and Discussion

Dilute Solutions. All the physicochemical studies in
dilute aqueous solution were performed using the lower
molecular weight PAA sample, PAA90.

The turbidity behavior of aqueous PDMAM/PAAQO,
P(AA-co-AMPSA36)-g-PDMAM/PAA90 and P(AA-co-
AMPSA70)-g-PDMAM/PAA90 mixtures is presented in
Figure 1 as a function of pH. The concentration of
PAA90 and PDMAM is 2 x 1072 g/mL, while the
concentration of the two graft products is 4 x 1072 g/mL.
Thus, the quantity of the PDMAM chains (graft or not)
is the same in all mixtures.

The PDMAM/PAA9O/water system turns strongly
cloudy as pH decreases at values lower than 3.75,
whereas the solution is clear for higher pH values. This
is in good agreement with literature results?426 and
reflects the strong proton-acceptor ability of PDMAM.
When pH is higher than 3.75, the hydrogen-bonding
interpolymer complex is soluble and dissociates as pH
increases, due to the increased ionization of the weak
polyacid PAA90. On the contrary, when pH decreases
to values lower than 3.75, associative phase separation
is observed as the hydrogen-bonding interpolymer com-
plex formed is now precipitating.

When the homopolymer PDMAM is replaced by the
graft copolymers in its aqueous mixtures with PAA9O,
the observed turbidity is substantially decreased. In-
deed, the P(AA-co-AMPSA36)-g-PDMAM/PAA90/water
system is clearly less turbid than the corresponding
PDMAM/PAA90/water system in the low pH region,
whereas the turbidity is practically negligible in the case
of the P(AA-co-AMPSAT70)-g-PDMAM/PAA9D/water sys-
tem, even at pH values as low as 2.5. These results
suggest that either interpolymer complexation is less
favorable (or not allowed) when the PDMAM chains are
covalently bound onto a charged backbone or that the
interpolymer complexes formed are more hydrophilic
and soluble in water.

We obtain additional convincing evidence, that such
hydrogen-bonding interpolymer complexes are formed
in these mixtures, from the viscometric study in dilute
solution. In Figure 2a we have plotted the dependence
of the reduced viscosity of P(AA-co-AMPSA70)-g-PD-
MAM/PAA90 mixtures versus the PAA90 weight frac-
tion Wpaago for several pH values. The experiments were
performed at constant total polymer concentration, 2.5
x 1078 g/mL. As, due to the ionic strength of the buffer
solutions used, no polyelectrolyte effect is observed in
such mixtures, the weight-average reduced viscosity of
the two components (dotted lines) is a good approxima-
tion of the ideal behavior expected in the absence of any
interaction between the two polymer components.?®
Thus, any deviation from linearity reveals interaction
between the two polymers and the formation of hydrogen-
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Table 1. Characterization of the Polymer Backbones and the Graft Copolymers Used in the Present Study

chemical characterization

feed composition

mol % in AMPSA units

weight % in PDMAM mean composition

mol % in mol % in
AMPSA  (weight% in acid—base elemental acid—base elemental AMPSA wt % in
polymer units PDMAM) titration analysis titration analysis units PDMAM
P(AA-co-AMPSA36) 35 33 36
P(AA-co-AMPSAT70) 65 70 70
P(AA-co-AMPSA36)-g-PDMAM 50 50 49 50
P(AA-co-AMPSA70)-g-PDMAM 50 53 50 52
physicochemical characterization
static light-scattering intrinsic viscosity
measurements measurements
refractive second osmotic
index virial coefficient intrinsic Huggins
polymer increment mol cm3/g?) My x 10° viscosity coefficient
PDMAM 0.155 6.1 0.42 22.62 0.52
P(AA-co-AMPSA36) 0.147 1.4 5.0 120 0.49
P(AA-co-AMPSAT70) 0.132 1.6 2.0 46b 0.90
P(AA-co-AMPSA36)-g-PDMAM 0.151 1.8 9.5 152P 0.48
P(AA-co-AMPSA70)-g-PDMAM 0.143 2.4 4.5 69P 0.72
a In methanol at 25 °C. P In NaCl 1 M at 25 °C.
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Figure 1. Turbidimetric curves of the mixtures (®) PDMAM/
PAA90, (W) P(AA-co-AMPSA36)-g-PDMAM/PAAQ90, and (a)
P(AA-co-AMPSA70)-g-PDMAM/PAA90 in buffer solutions ver-
sus pH, at 25 °C. The concentration of PAA90 and PDMAM is
2.0 x 107° g cm=3, while the concentration of the graft b
copolymers is 4.0 x 10-% g cm™3. 0 L ' !
0 0.25 0.5 0.75 1

bonding interpolymer complexes. As it is seen in Figure
2a, the reduced viscosity of the mixtures is lower than
the corresponding average value for pH = 2.5 or pH =
3.5, while it is close to the corresponding average value
for higher pH values (pH = 3.75 or pH = 4).

As the reduced viscosity of PAA9O increases with
increasing pH, due to the corresponding increase of the
ionization degree of the polyacid, the comparison of the
reduced viscosity behavior of the mixtures at various
pH values is not straightforward. To obtain a more clear
representation of the reduced viscosity behavior of the
system we are using the reduced viscosity ratio r,,,,
defined as

_ Mred (1)

r =
red Wl(nred)l + Wz(nred)z

where 7.eq is the reduced viscosity of the mixture, w;
and w; are the weight fractions of the two polymer
components in the mixture and (#7req)1 and (7req)2 are the
corresponding reduced viscosities of the two pure com-

WPAA90

Figure 2. (a) Variation of the reduced viscosity, #req, 0f P(AA-
c0-AMPSA70)-g-PDMAM/PAA90 polymer mixtures in buffer
solutions as a function of their weight composition in PAA90
Whpanago at (@) pH = 4, (m) pH = 3.75, (¢) pH = 3.5, and (a) pH
= 2.5 at 25 °C. The total polymer concentration is 2.5 x 1073
g cm~3. (b) Variation of the reduced viscosity ratio r,, ., versus
Weaago for the same mixtures.

ponents. By using the ratio r,,,, the reduced viscosity
of the mixture is compared with the additive value of
the reduced viscosities of the two pure polymer compo-
nents. Thus, any deviation of r,req from unity offers a
strong evidence of interpolymer association.

As we see in Figure 2b, the ratio r,req is around unity
for the P(AA-co-AMPSA70)-g-PDMAM/PAA90/water sys-
tem at pH = 3.75 and pH = 4, while it is lower than
unity at lower pH values. Moreover, the curve for pH =
2.5 is systematically below the corresponding curve for
pH = 3.5. These observations suggest that hydrogen-
bonding interpolymer complexes of compact structure
are formed between the two polymers, as pH decreases



1352 Sotiropoulou et al.

12

08~

l'nred

06

04

0‘22 3 4 5

pH

Figure 3. Variation of the reduced viscosity ratio r,,,, versus
pH for an aqueous P(AA-co-AMPSA70)-g-PDMAM/PAA90
mixture with a PAA weight composition, Wpaago = 0.6 at 25
°C. The total polymer concentration is 2.5 x 1073 g cm=3,

to values lower than 3.75. Furthermore, decreasing pH
favors the compactness of these complexes, as it is
usually observed for hydrogen-bonding interpolymer
complexes.1230-32 The position of the minimum should
be indicative of the unit mole apparent stoichiometry
of the complex formed between PAA and the PDMAM
side chains of the copolymer. At pH = 2.5 this minimum
occurs at Wpaago = 0.6 indicating that four carboxylic
groups correspond to each PDMAM monomer unit.

The pH-controlled formation-dissociation of the hy-
drogen-bonding interpolymer complex is revealed by
studying the variation of the ratio r,., versus pH. In
Figure 3 this variation is presented for the P(AA-co-
AMPSA70)-g-PDMAM/PAA90 mixture with a composi-
tion Wpaago = 0.6, i.e., the composition where the
minimum was observed in Figure 2b. The ratio r,,,
decreases from around 1 at pH higher than 4 to about
0.4 as pH decreases to 3 and then it remains constant
at this value. This behavior induces that at pH > 4
interpolymer association does not occur and an almost
ideal behavior is observed. As pH decreases at values
lower than 4 a hydrogen-bonding interpolymer complex
is formed between PAA and the PDMAM chains grafted
to the P(AA-co-AMPSAT70) backbone. The stability of the
reduced viscosity ratio at pH lower than 3 should be
related with the fact that in this pH region the hydrogen-
bonding interpolymer complex formed has achieved its
final conformation and a further shrinkage in its
hydrodynamic volume should not be possible. We should
remind that the formation of the corresponding hydrogen-
bonding interpolymer complex between the two ho-
mopolymers, PAA90 and PDMAM, in this pH region
cannot be followed in a similar way, because associative
phase separation takes place already at pH = 3.75.

Semidilute Solutions. The observed hydrogen-
bonding interpolymer association between the nega-
tively charged graft copolymer of PDMAM with PAA is
expected to influence considerably the rheological be-
havior of such mixtures in semidilute aqueous solutions.
To study these effects, we have used the high molecular
weight PAA sample, PAA500.

In Figure 4, the viscosity of P(AA-co-AMPSA70)-g-
PDMAM/PAA500 mixtures in semidilute aqueous solu-
tions at pH = 3 is plotted as a function of the shear
rate. The experiments were performed at constant
P(AA-co-AMPSA70)-g-PDMAM concentration (¢ = 3 x
1072 g/mL) and different PAA500 concentrations, be-
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Figure 4. Shear rate dependence of the viscosity of P(AA-co-
AMPSAT70)-g-PDMAM/PAA500 polymer mixtures in semidi-
lute aqueous solutions at pH = 3 and T = 25 °C at different
PAA500 concentrations, Cpaasoo. (¥) Cpaasoo =5 x 1073 gcm™3.
(’) Cpansoo = 1 x 1072 g cm—3, (.) Cpaasoo = 3 X 1072 g cm—3,
(A) Cpaasoo = 6 x 1072 g cm~3. The curves for the two pure
components are also given: (@) pure P(AA-co-AMPSA70)-g-
PDMAM at concentration C = 3 x 1072 g cm~3, that is, the
same with its concentration in all the mixtures and (O) pure
PAA500 at C =6 x 1072 g cm™S.

tween 0 and 6 x 1072 g/mL. For the sake of comparison
we have also plotted the corresponding curve of the pure
PAA500 aqueous solution at the highest studied con-
centration (6 x 1072 g/mL) and at the same pH. The
viscosity of the two pure polymer solutions is rather low
(on the order of 1072 Pa s) and its behavior versus share
rate is Newtonian. In contrast, the viscosity of their
mixtures increases significantly by increasing the
PAA500 concentration, while its profile changes com-
pletely. At low shear rate the solution is still Newtonian,
whereas for higher shear rates an important shear
thinning behavior is observed. If shearing is stopped,
the solutions recover their initial viscosity values and
we obtain the same viscosity profiles when we repeat
the experiments. Such a behavior is usual in associating
polymer systems forming reversible networks through
noncovalent cross links, as it happens with the hydro-
phobically modified polymers.33-35

The viscosity at the Newtonian plateau of P(AA-co-
AMPSA70)-g-PDMAM/PAA500 aqueous mixtures at pH
= 3 and pH = 4 is plotted in Figure 5 as a function of
the PAA500 concentration. At pH = 4, the viscosity of
the mixtures is rather low and it increases slightly upon
addition of PAA500. In fact, the viscosity of the mix-
tures, more or less, corresponds to the additive value of
the viscosities of the two pure components at this pH
value. As it was shown in the dilute solution study, at
pH = 4 no hydrogen-bonding complexation occurs
between the polyacid and the PDMAM side chains of
the graft copolymer, explaining the above-described
behavior of the semidilute solutions. On the contrary,
at pH = 3, the viscosity of the mixture increases
considerably as the concentration of PAA500 increases
(up to 3—4 orders of magnitude) and tends to reach a
plateau value. This behavior is explained by the forma-
tion of a strong hydrogen-bonding interpolymer complex
between the PDMAM side chains and PAA500 at pH =
3. The plateau observed is probably related with a
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Figure 5. Variation of the Newtonean plateau viscosity of
P(AA-co-AMPSAT70)-g-PDMAM/PAAS500 polymer mixtures in
semidilute aqueous solutions versus the PAA500 concentration
at (@) pH =3 and () pH = 4, at 25 °C. The concentration of
the graft copolymer, P(AA-co-AMPSA70)-g-PDMAM, is always
3 x 1072 g cm~3. The viscosity values of pure PAA500 solutions
at (O) pH = 3 and (O) pH = 4 are also indicated.
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Figure 6. pH variation of the Newtonean plateau viscosity,
in semidilute aqueous solutions, of a 1:1 (w:w) (®) P(AA-co-
AMPSA70)-g-PDMAM/PAA500 polymer mixture, and the two

pure components, (a) P(AA-co-AMPSA70)-g-PDMAM and ()
PAA500, at C =6 x 1072gcm=and T = 25 °C.

saturation of the PDMAM side chains with the PAA500
chains, expected to occur at a mixture composition
corresponding to the stoichiometry of the complex. It is
noteworthy that significant thickening properties through
hydrogen-bonding interpolymer complexation are very
rare and they have been observed only in mixtures of
high molecular weight polybases with charged copoly-
mers of acrylic acid.6.11.36.37

The pH-controlled thickening behavior of the P(AA-
co-AMPSA70)-g-PDMAM/PAA500 aqueous mixtures is
nicely demonstrated in Figure 6. In this Figure, the pH
dependence of the Newtonian plateau viscosity of a 1:1
(w/w) P(AA-co-AMPSA70)-g-PDMAM/PAA500 mixture
in semidilute solution in water is presented and com-
pared with the viscosity of the two polymer components.
As expected, the viscosity of the two pure polymer
components is relatively low, on the order of 1072—10"1
Pa s. The viscosity of the graft copolymer does not
essentially depend on the pH of the solution due to its
highly charged backbone. The viscosity of PAA500
increases as pH increases as a result of the gradual
ionization of the carboxylic groups and the charge
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Scheme 2. A Schematic Explanation of the
pH-Controlled Thickening Behavior of the
P(AA-co-AMPSA 70)-g-PDMAM/PAA500 Mixtures in
Semidilute Aqueous Solution through Reversible
Hydrogen-Bonding Association

partially anionic PAA

pH>3.75

pH<3.75

PAA

P(AA-co-AMPSA70)-g-PDMAM P(AA-co-AMPSA70)-g-PDMAM

density increase of the macromolecular chain. However,
this increase is smooth and the viscosity remains low.
On the contrary, the mixture of the two polymers
exhibits a characteristic pH-controlled thickening be-
havior. For pH values higher than 3.75 the viscosity is
constant at about 107! P s, that is, more or less, the
additive value of the viscosities of the two pure polymer
components in this pH range. As pH decreases from 3.75
to 2.5, a dramatic viscosity enhancement of about 4
orders of magnitude is observed. To our knowledge, such
a behavior, i.e., viscosity increase with pH decrease, has
not been reported before. It is due to the graft copolymer
architecture combining the proton acceptor ability of the
PDMAM side chains with the strongly hydrophilic
character of its negatively charged backbone.

A more detailed explanation of the aforementioned
pH-controlled thickening behavior is schematically pre-
sented in Scheme 2. At pH > 3.75 no hydrogen-bonding
interpolymer complexation occurs between PAA and the
PDMAM side chains of the graft copolymer, due to the
existence of a considerable fraction of anionic COO~
groups on the PAA chains. In this case, the viscosity of
the solution is the expected for entangled polyelectrolyte
chains in the semidilute regime. On the contrary, as pH
decreases at values lower than 3.75, the fraction of the
anionic COO™~ groups on the PAA chains becomes very
low and hydrogen-bonding association between PAA and
the PDMAM side chains of the graft copolymer is taking
place. This hydrogen-bonding interpolymer complex-
ation, in this low pH region, would lead to phase
separation, if we used the PDMAM homopolymer (Fig-
ure 1). In our case, a macroscopic phase separation is
inhibited because the PDMAM chains are grafted to a
negatively charged, strongly hydrophilic, polymer back-
bone. In dilute solutions a significant decrease of the
reduced viscosity is observed at low pH (Figures 2 and
3) due to the compact structure of the hydrogen-bonding
interpolymer complexes formed. In semidilute solutions
a spectacular viscosity increase is observed (Figures
4—6). The interpolymer entanglement allows now to
each polyacid chain to associate with PDMAM chains
originated from different graft copolymer chains so that
a physical network is formed.

Conclusion

The graft copolymers P(AA-co-AMPSAX)-g-PDMAM,
where x is the mol fraction in AMPSA units of the
polymer backbone, presented in this work, combine
nicely two distinct characteristics, i.e., the ability of
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PDMAM to form strong hydrogen-bonding interpolymer
complexes with weak polyacids and the strong hydro-
philic character of their backbone, due to its high
content in negatively charged AMPSA units. Thus,
when these products are mixed in aqueous solution with
PAA at pH lower than 3.75, compact hydrogen-bonding
interpolymer complexes are formed between the PD-
MAM side chains and the PAA chains, as revealed by
the decrease of the reduced viscosity of their mixtures
in dilute solutions. These interpolymer complexes are
soluble in water, even at much lower pH depending on
X. For instance, for x = 70 the complexes with PAA are
soluble even at pH = 2. In contrast, the corresponding
hydrogen-bonding interpolymer complexes formed be-
tween the two homopolymers, PDMAM and PAA, are
not soluble in water at pH lower than 3.75.

This solubility in the low pH region of the above
hydrogen-bonding interpolymer complexes prompts for
a further investigation and observation of new original
properties. In the present study, we have explored just
one case, revealed in semidilute aqueous solutions: in
the low pH region, the aforementioned polymer mix-
tures exhibit a striking pH-controlled thickening be-
havior by forming a hydrogen-bonding reversible net-
work. Here, we have presented a first rheological
characterization of the hydrogen-bonding network under
shear. A detailed study of the reversibility of the
network formation and mainly of its viscoelastic nature
is under way.

In this work we have presented a basic concept for
the formation of hydrogen-bonding interpolymer com-
plexes, soluble in the low pH region, by using mixtures
of negatively charged graft copolymers containing PD-
MAM side chains, with PAA. Other side chains, such
as polyacrylamide, poly(ethylene glycol) or poly(N-
isopropylacrylamide) and other weak polyacids, such as
PMAA could also be used to modulate the solution
behavior and other special characteristics, such as the
thermal sensitivity, of these polymer mixtures in water.

Controlling the rheology of aqueous formulations is
just one possible application of these systems. As it is
known, polymers and systems displaying a physico-
chemical response to stimuli, such as pH, have been
proposed as potential drug delivery systems.33-41 In a
respective manner, the pH-controlled hydrogen-bonding
interpolymer complex formation presented in the present
work could possibly find applications in oral drug
delivery systems, where the active substance should be
protected from degradation in the low pH gastric
environment and released later in the higher pH
intestine environment.
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