ISSN 0036-0244, Russian Journal of Physical Chemistry A, 2014, Vol. 88, No. 9, pp. 1510—1513. © Pleiades Publishing, Ltd., 2014.
Original Russian Text © Z. M. Yaremko, L.B. Fedushinskaya, O.A. Burka, M.N. Soltys, 2014, published in Zhurnal Fizicheskoi Khimii, 2014, Vol. 88, No. 9, pp. 1348—1351.

PHYSICAL CHEMISTRY

OF SOLUTIONS

Hydrophobic Interactions between Polymethacrylic Acid
and Sodium Laureth Sulfate in Aqueous Solutions

Z. M. Yaremko, L. B. Fedushinskaya, O. A. Burka, and M. N. Soltys
Ivan Franko National University, Lviv, 79000 Ukraine
e-mail: zyaremko@franko.lviv.ua
Received September 23, 2013

Abstract—The role of hydrophobic interaction in the development of associative processes is demonstrated,
based on the concentration dependences of the viscosity and pH of binary solutions of polymethacrylic acid
as an anionic polyelectrolyte and sodium laureth sulfate as an anionic surfactant. It is found that the inflection
point on the dependence of the difference between the pH values of binary solutions of polymethacrylic acid
and sodium laureth sulfate on the polyelectrolyte concentration is a criterion for determining the predomi-
nant contribution from hydrophobic interaction, as is the inflection point on the dependence of pH of indi-
vidual solutions of polymethacrylic acid on the polyelectrolyte concentration.
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INTRODUCTION

The considerable interest in searching for effective
new ways of controlling the targeted physicochemical
properties of composite materials at the micro- and
nanolevels is due to modern nanotechnologies. One
of these proposes using mixtures of polyelectrolytes
(PEs) and low-molecular surface active agents
(SAAs), due to their adsorption from solutions on
solid surfaces [1]. The properties of solid surfaces and
the intermolecular interaction between components
in the liquid phase both determine the course of
adsorption. Studies of intermolecular interactions in
binary aqueous solutions of PEs and SAAs remain a
vital task in today’s physical chemistry of solutions.
These focus mainly on investigating interaction
between PE macromolecules and oppositely charged
SAA molecules [2—16], with solutions containing
negatively charged PE macromolecules and positively
charged SAA molecules being investigated more and
more often [2—13] while the properties of binary solu-
tions with positively charged PE macromolecules and
negatively charged SAA molecules [14—16] remain
less studied. It was shown in such works that the prop-
erties of binary solutions are determined by the inter-
relation of Coulomb and hydrophobic interactions.
Studies of interactions in binary solutions of PEs and
indentically charged SAAs have only just begun, with
the results from investigating the interaction of com-
ponents in binary solutions of anionic PEs and SAAs
being presented in [17, 18].

The results from studying the intermolecular inter-
actions between polymethacrylic acid (PMAA) as an

anionic PE and sodium laureth sulfate (SLES) as an
anionic SAA are discussed in this work.

EXPERIMENTAL

A PMAA macromolecule consists of units with a

molecular weight of 86 g/mol:
cHy
//C\
(0] OH

In aqueous solutions, PMAA has the properties of
a weak electrolyte and is a good model object for
studying both Coulomb interaction due to the dissoci-
ation of —COOH carboxylic groups and hydrophobic
interaction, due to the presence of hydrophobic —CH;
groups. The degree of polymerization of the studied
PMAA sample was 350.

SLES has the following structural formula

9
CnHzn + 1*O_CH2_CH2_O_CH2_CH2_O_§*O_N3,
()

where n = 12—14. SLES has the properties of a strong
electrolyte in aqueous solutions. Its critical micelle
concentration (CMC) is 3.84 mmol/L [19].

Bidistilled water with a specific conductivity of no
higher than 0.25 mS/m was used to prepare individual
and binary solutions of PMAA and SLES. To achieve
equilibrium, the investigated solutions were prelimi-
nary held in a thermostat at 25°C for 3 h. The depen-
dences of pH of binary and individual solutions of
PMAA and SLES on their concentrations were stud-
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Fig. 1. Dependences of the relative viscosity of binary
PMAA and SLES solutions on PMAA concentration at
varying SLES content, mol/L: 0 (1), 0.05 (2), 0.5 (3), 1.0
(4), 2.0 (5), 4.0 (6), and 9.0 (7).

ied potentiometrically. The relative viscosities of the
systems under study were determined using a capillary
viscometer. Measurements of optical density of both
individual and binary solutions of PMAA and SLES
conducted at a wavelength of 540 nm showed that they
were optically transparent over the investigated range
of concentrations; i.e., these solutions contained no
supramolecular formations that scatter light.

RESULTS AND DISCUSSION

For a long time, binary solutions of identically
charged PEs and SAAs remained unstudied because it
was assumed there was no interaction between their
molecules. In such solutions, the Coulomb repulsion
of identically charged groups does not favor associa-
tion of their molecules; however, hydrophobic interac-
tion can contribute to it under certain conditions.
Conditions favorable to hydrophobic interaction
between the hydrocarbon chains of SLES and the
hydrophobic —CHj; groups of PMAA arise in binary
solutions of PMAA and SLES. At present, there is no
quantitative description of hydrophobic interaction in
aqueous solutions, but it is obvious that ionized mole-
cules of SLES bound by hydrocarbon chains with
hydrophobic —CH; groups of PMAA will raise the
density of the negative charge in the volume of a
PMAA molecule. Such increases in the density of neg-
ative charge of PMAA macromolecules are in turn
responsible for two effects: an increase in the volume
of macromolecules and a reduction in the degree of
dissociation of —COOH carboxylic groups. Due to
these processes, PMAA macromolecules in binary
solutions attain a new state of equilibrium, changing
their volume and the degree of ionization of —COOH
carboxylic groups, relative to PMAA macromolecules
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Fig. 2. Dependences of the relative viscosity of binary
PMAA and SLES solutions on SLES concentration upon
varying the PMAA content, mol/L: 0 (1), 0.55 (2), 3.0 (3),
5.5 (4), 15.0 (5), 30.0 (6), and 55.0 (7).

in individual solutions. We have confirmed experi-
mentally the occurrence of such effects in binary solu-
tions of PMAA and SLES.

Changes in the volume of PMAA macromolecules
in binary solutions due to hydrophobic interaction
with SLES molecules can be evaluated from viscome-
try data. Our viscometry measurements conducted
over the investigated range of concentrations did not
reveal any change in the viscosity of individual solu-
tions of PMAA (Fig. 1, curve /) and SLES (Fig. 2,
curve /) upon an increase in their concentrations. At
the same time, adding SLES to PMAA solutions sub-
stantially increases viscosity of binary systems (Figs. 1
and 2, curves 2—7in both).

Einstein’s fundamental equation of viscosity
relates the relative viscosity of individual PMAA solu-

tions, m,/n,, with the volume fraction of PE in solu-
tion, @:

ni/Me =1+ ag, (1)
where o is a coefficient of proportionality.

The volume fraction of PMAA in solution is deter-
mined by the number of macromolecules, 7, and their
volume, V;:

¢ =nV,. 2)
Inserting (2) into (1), we find the volume of macro-

molecules PMAA in an individual PE solution from
the data on viscosity:

Vl — nl/ﬂo 1 (3)

an
Assuming that the change in the viscosity of binary
solutions is due only to hydrophobic interaction
between SLES molecules and PMAA macromole-
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Fig. 3. Dependences of the relative increase in volume of
PMAA macromolecules in binary PMAA and SLES solu-
tions on PMAA concentration upon varying the SLES
content, mol/L: 0.05 (7), 0.5 (2), 1.0 (3), 2.0 (4), 4.0 (),
and 9.0 (6).

cules, we can write an analogous equation for PMAA
macromolecules in binary solutions, V,:

V2 :nZ/nO _1’ (4)
on

where m,/n, is the relative viscosity of the binary
PMAA and SLES solutions.

Dividing (4) by (3), we find the relative increase in
the volume of PMAA macromolecules in binary solu-
tions that is due to their hydrophobic interaction with
SLES molecules:

&:n2/n0_1:n2_n0 (5)
Vi mi/me-1 m-m
To determine the relative increase in the volume of
PMAA macromolecules in binary solutions, the vis-
cosity of individual PMAA solutions, n,, is estimated
by extrapolating the dependence of the viscosity of
binary solutions shown in Fig. 2 to zero SLES concen-
tration.

Dependences of the relative increase in the volume
of PMAA macromolecules in binary solutions are
compared to their volumes in individual solutions in
Fig. 3. As follows from our results, as the ratio of SLES
concentration to PMAA concentration rises, the vol-
ume of PE macromolecules in binary solutions grows
considerably, relative to the volume of macromole-
cules in individual PMAA solutions. According to the
law of mass action, the higher the ratio of SLES con-
centration to PMAA concentration, the greater the
number of SLES molecules that form hydrophobic
bonds and thereby contribute to the relative increase
in the volume of PE macromolecules.

The change in the degree of dissociation of —COOH
carboxylic groups in binary solutions relative to indi-
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Fig. 4. Dependences of pH of binary PMAA and SLES
solutions on concentration of carboxylic groups of PMAA
upon varying the SLES content (denotation is the same as
in Fig. 1).

vidual PMAA solutions can be judged from the change
in the ratio of the hydrogen ion activity in an individ-

ual PE solution, a,, to the hydrogen ion activity in
binary PMAA and SLES solutions, a,:

S =a/a,. (6)
Logarithmic transformation of Eq. (6) produces

log§ = loga, —loga, = —pH, — (-pH,) )

=pH, —pH, = ApH,

where pH, and pH, are the pH values of the binary
PMAA and SLES solutions and individual PMAA
solutions, respectively.

CONCLUSIONS

ApH values were determined (Fig. 5) on the basis of
our experimental dependences for the ApH of binary
solutions and individual PMAA solutions on PE con-
centration (Fig. 4). Analysis of the dependence of the
ApH value on the concentrations of PMAA and SLES
allows us to determine the change in the degree of dis-
sociation of carboxylic groups in a system. If the
degree of dissociation of —COOH carboxylic groups in
abinary PMAA and SLES solution did not change rel-
ative to individual solutions of PMAA, then ApH
would be 0. In fact, the ApH = f{C) dependence has a
maximum whose value grows with upon adding SLES
to a binary solution. No maximum is observed at the
lowest SLES concentration of 0.05 mol/L, due to the
negligible change in the concentration of hydrogen
ions. The emergence of a maximum on any depen-
dence implies the presence of at least two factors
simultaneously influencing the sought value, with one
of them raising it while the other lowers it. In our
Vol. 88
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Fig. 5. Dependences of ApH of binary PMAA and SLES
solutions on PMAA concentration upon varying the SLES
content (denotation is the same as in Fig. 3).

binary solutions, the volume of macromolecules fell
with a rise in the PMAA concentration at constant
SLES concentrations (Fig. 3). The contraction of
macromolecules, on the one hand, determines the
drop in the degree of dissociation of —COOH carbox-
ylic groups; on the other hand, due to a reduction in
the number of bound SLES molecules, the density of
the negative charge in the macromolecule volume
diminishes and raises the degree of dissociation of —
COOH carboxylic groups. These two factors result in
the emergence of a minimum for the degree of disso-
ciation of —COOH carboxylic groups, depending on
the PMAA concentration. Because the concentration
of hydrogen ions in the solution volume declines as the
degree of dissociation of —COOH carboxylic groups
falls, the ApH = f{C)pH of binary system rises; i.c., the
minimum of the degree of dissociation of —COOH
carboxylic groups corresponds to the maximum on the
ApH = f(C) dependence.

Our viscometric and potentiometric studies of
aqueous binary PMAA and SLES solutions therefore
confirm the occurrence of hydrophobic interaction
between SAA molecules with hydrophobic —CHj;
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groups of PEs in binary solutions of identically
charged SAAs and PEs.

REFERENCES
1. R. Zhang and P. Somasundaran, Adv. Colloid Interface
Sci. 123—126, 213 (2006).

2. A. M. Vasserman, M. V. Motyakin, L. L. Yasina, et al.,
Polymer Sci., Ser. A 54, 874 (2012).

3. Y. Agzenai, I. E. Pacios, and C. S. Renamayor, J. Phys.
Chem. B 11, 3019 (2013).

4. P. Zheng, D. Cai, Z. D. Zhang, et al., Macromolecules
46, 247 (2013).

5. R. Chollakup, J. B. Beck, K. Dirnberger, et al., Macro-
molecules 46, 2376 (2013).

6. L. X. Jiang, J. B. Huang, A. Bahramian, et al., Lang-
muir 28, 327 (2012).

7. A. Popov, J. Zakharova, A. Wasserman, et al., J. Phys.
Chem. B 116, 12332 (2012).

8. Y. Han, L. Xia, L. Zhu, et al., Langmuir 28, 15134
(2012).

9. S. Sitar, B. Goderis, P. Hansson, et al., J. Phys. Chem.
B 116, 4634 (2012).

10. J. Liu, L. Zheng, D. Sun, et al., Colloids Surf. A 358,
93 (2010).

11. A. G. Bukoy, S.-Y. Lin, G. Logio, et al., Colloids Surf.
A 354, 382 (2010).

12. S. Guillot, A. Chemelli, S. Bhattacharyya, et al.,
J. Phys. Chem. B 113, 15 (2009).

13. Z. M. Yaremko, O. A. Burka, L. B. Fedushynskaya,
et al., Russ. J. Phys. Chem. A 86, 223 (2012).

14. A. Mezei, A. Abraham, K. Pojjak, et al., Langmuir 25,
7304 (2009).

15. D. Li, M. S. Kelkar, and N. J. Wagner, Langmuir 28,
10348 (2012).

16. S.S. Halacheva, J. Penfold, R. K. Thomas, et al., Lang-
muir 28, 14909 (2012).

17. A. V. Sachko, V. P. Zakordonskiy, and A. S. Voloshi-
novskii, Russ. J. Phys. Chem. A 87, 407 (2013).

18. A. V. Sachko, V. P. Zakordonskiy, A. S. Voloshinovskii,
et al., Russ. J. Phys. Chem. A 83, 1238 (2009).

19. L. B. Fedushinskaya, Z. M. Yaremko, and O. A. Burka,
Vopr. Khim. Khim. Tekhnol., No. 4, 157 (2010).

Translated by M. Makarov

No.9 2014



