RHEOLOGIC PROPFRTIES OF POLYELECTROLYTES AT LIQUID/LTIQUID
' INTERFACES

[. THE EFFECTS OF SURFACE-ACTIVE SUBSTANCES ON POLYELECTROLYTIC
ADSORPTIVE LAYERS

by

1.B.Musabekov and K.K.Ibraev

Kirov Kazakh State University, Alma-Ata, U.5.S.R.

(Received 12 December 1986)

Viscosity and strength of adsorption of layers of polyelectro-
lytes - poly(acrylic acid) (PAA), poly(methacrylic acid) (PMAA),
polyethyleneimine (PEI) - on the boundary of their aqueous
solutions with cationic (octadecylamine (0DA)) and anionic
(stearic acid (HSt)) surface-active substances (SAS)
dissolved in benzene. Associations of oppositely charged poly-
electrolytes and SAS (PAA-ODA, PMAA-ODA, PEI-HSt) have the most
structure-~-forming properties at interfaces.

Synthetic polyelectrolytes (SPE) are widely used in foam
and emulsion stabilization. This is connected with their
ability to accumulate in interfacial layers and form
concentrated protective films. A very perspective trend in this
field is SPE intérfacial adsorptive layer (IFAL) modification
by means of surface active substances (SAS).

The aim of the present work is to study the effects of
the oil-soluble S5AS stearic acid (HSt) and octadecylamine (DDA)
on the interfacial shear viscosity of-the IFAL SPE poly-
metacrylic acid (PMAA), polyethyleneimine (PEI) and
polyethyleneglycol (PEG). The methods of production and
preparation of PMAA for work and the purification of the SAS
are described in /1-3/. The branched PEI was kindly supplied
by P.A. Gembitsky PEG produced by Schuchardt was used Without
-preliminary purification. C.d.a. benzene was distilled twice
(n[z]0 1.5006). The interfacial shear viscosity (zﬁl) was
measured at 293 K by the method of Trapesnikov /4/ and was
calculated via the formuls:
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2% - 2 kM (A/T - Ko/t (1)

where M is the effective value of the inertial moment of the
suspension system in water, kg m2; A and J\.mare the decrements
of the disk vibration damping in the tested solution and in
distilled water; and T and T are the disk vibration periods
in the tested solution and in distilled water, s.

K = (aI7 /R - 1/rY (2)

where RZ is the internal radius of the cell immersed in the
tested liquid, m; and R1 is the glass disk radius, m. A 15 mm
radius disk, a 50 mm diameter cell and tungsten filaments
0.53 m long and 0.05-0.14 mm wide were used in the study.
Figure 1 illustrates the kinetics of 2Flchange at the
aqueous PMAA and PEG solution/pure benzene and 0ODA benzene

solution interfaces.

Fig. 1. Kinetics of
Z’change on
the boundary
of aqueous
PEL (1,2) or
PMAA (3,4,7)
solutions

with benzene

(154), or

with a

7.4 107% po1

dn™> 0DA
solution in benzene (7), and of water with 1 10_3 mol dm"3 0DA
solution in benzene (5) or 7.04 10_4 mnl dm_3 HSt solution in
benzene (6). Concentrations of SPE (in (mol dm™>): PEI 2.28 107°

(1), 2.28 1072 (2); PMAA 4.7 107% (3,5), 17.9 107 (a).
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That for the 0DA benzene solution IFAL 26Jversus distilled
yater is also shown. It can be seen from the Figure that in
the tested concentration interval 0DA does nof form adsorptive
layers with noticeable viscosity and the absolute values of

11 are within the limits of experimental error. Similar data
are obtained with HSt. The PEI adsorptive layer viscosity is
also small, though an insignificant increase in 26‘15 obsefved
with rise of the polyelectrolyte concentration. 0On the other
hand, the equilibrium value of t in PEI solutions is obtained
rather rapidly, which may be connected with the weak adsorption
of PEI due to its small chain difility. In contrast the
equilibrium value € in a PMAA solution is obtained after a
long response time (2-8 hours), most likely because of delayed
macromolecule diffusion to the interfacial surface in the
dilute solutions and their slow denaturation in IFAL /5/
formed from concentrated solutions.

Vhen an aqueous PMAA solution comes into contact with an

ODA benzene solution, an abrupt rise in 4, is observed,
change in g~ taking place over a 1ong time period (Fig. 1,
curve 7). The absolute value of Z is much larger than the .
summed value of Zelfor PMAA at the pure benzene - 0DA benzenec
solution/water interface. In other words, a synergetic effect
is observed in the € increase, which may be connected with
PMAA+0ODA complexation at the interface. This process can be
represented schematically in the following way:

oil (0nA) { ; ‘

0il (6DA) j
9_ water (PMAA) o o O

water

[ 4
e S

The DA positive charge probably arises as a result of amino

group protonation by the polyacid carboxylic group protomn:

COOH + NH CUO_IZ\IH;

The slow change in zﬁlmay be a result of the delayed macro-

2

molecule conformation equilibrium in IFAL.
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Figure 2 gives iLO//CSPE isotherms for PEG, PMAA and
PEI/HSt mixtures. The nonionic polymer PEG having an average
molecular mass of 4 104 is weakly adsorbed at the
water/benzene interface and forms adsorptive layers with low

Z6Jvalues. The IFAL viscosity gradually rises with PMAA
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Fig. 2. Zgisotherms of aqueous solutions of PEG (1), PEI (2) and
PMAA (3) on the boundary of contact with benzene (1,3) and
7.04 107% mol dm™> HSt solution in benzene (2).

concentration increase, passing through a maximum; this may be
connected with the difficulty of macromolecule adsorption from
concentrated solutions due to structure—fofming /6/.

When an agqueous PEI solution comes into contact with an
HSt solution, a linear rise in ﬁehs observed, accompanied by
a high-molecular component concentration increase.

The introduction of oil-soluble SAS into the nanpolar
phase does not essentially affect the ﬂrof_an aqueous PEG
solution. The absolute value of z6lgreatly exceeds the'IFAL
viscosity of the separate components for the aqueous PEI
solution/HSt benzene solution system. As in the above-mentioned
PMAA/QDA system, the considerable rise in zslis connected



with the formation of a PEI/HSt association in the interfacial
adsorptive layer. The HSt concentration at the interface leads
leads to the appearance of the negative charge at the benzene
surface. On the other hand, PEI receives positive charge as

a result of interaction with water:

+ -
(-CHy-CH,NH-) + n HOH ~—e=(-CH,-CH, -NH,-) ~+ n OH

Thus, a PEI/HSt electrostatic interaction in the adsorptive

layer becomes possible and is expressed by the following
scheme:

benzene (HSt)- }

BEEE
war re RO IT G P

The interaction of the SPE and SAS functional groups

¢

stimulates stronger hydropﬁobic segment interaction, and also
leads to PEI chain fixation at-the interface. All this causes
a sharp viscosity increase for the PEI/HSt associations in
IFAL. The increase in ZGEt the aqueous polyelectrolyte
"solution/SAS benzene solution interface, the two compounds
being oppositely charged, is enhanced by the concentration
increase of both components, irrespective of their nature.
Thus, an increase of the initial PEI concentration in ifs
aqueous solution is accompanied by an increase in the rate

of rise of is’at the interface of HSt benzene solutions of
increasing concentration /Fig. 3/. A similar effect is
observed at the aqueous PMAA solution/00A benzene solution
interface (fFig. 4).

In both cases, however, the introduction into the nonpolar
phase of SAS charged similarly to SPE leads to a substantial
decrease in 26 (Fig. 3, curve 4; Fig. 4, curve 4). This is
not surprising, for the accumulation of SAS charged similarly
to SPE at the interface leads to a3 decreased polymeric ion
adsorption, in accordance with the SPE adsorption theory
relating to charged surfaces /7/.
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Fig. 6. Z isotherms of benzene solutions of 0DA (1-
HSt (4,6,8) on the boundary of contact with
and aqueous solutions of PMAA (1-4) and PEG
Concentration of SPE (mol dm™>): PMAA 3.5 1
4.7 107% (2), 17.9 107 (3,4); PEG 1.6 10°
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6/

) The SAS have practically no influence on the IFAL {;
of an aqueous PEG solution. (Fig. 4, curve 7).

Conclusion: the rheologic properties of IFAL polyelecf—
rolytes at a water/hydrocarbon interface can be regulated

by means of SAS introduced into the nonpolar phase.
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PEUMOTHYECKUE C30M0T 8 L0 IEKTPOMNTOB HA TPaHUUE
KATKOCT b=ALAKOCTh. I. BIWHHKE [OBEPXHOCTHO-aKTHBHBX BEWECTB
Ha AJCOPBUWOHHBIE GOk LOMW3ALETPOMITOB.

K.b. Mycavekons, K.K. lGpaes

lisyueHs BH3KOCTEH ¥ lPOYHOCTE SUCOPCUMOHHHX CJIOEB HOJIU-
3NEKTPOITATOB /HouMeTakpianoBot (Pilia) KUCHOTH, NOAMBTUAEHUMNHA
(PEI)/ Ha TpaHUMUE KX BOJHHX PaCTBOPOB C DacTBODEHHHM B 0eH30Je
KaTUWOHHHY /oKTageunsnamual (OpA)/ v aHUMOHHEM /CTEapUHOBAA
gucnora (H'St)/ HOBEPXHOCTHO-AKTMBHEM BeuecTBOM ( SAS).
HaeuGonpmuMy CTPYKTYpOOOpasywiiMm cBoficTBaMu B MexpasHHX CHOAX
00IaZanT ACCOLMATH IPOTUBONONOKHO B4PAREHHHX [OJIMIJIEKTPONUTOB
u SAS : PMana-0pA, PEI-HSt.



