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Ultrasonic velocities (U) and densities (p) have been measured
for the agueous sol ution of non-ionic surfactant Triton-X-100 (TX-
100) in presence of polyelectrolyte polymethacrylic acid (PMAAC)
at 303 and 313 K, to understand polymer-surfactant interaction
(P-S) in aqueous medium. Various acoustic parameters such as
adiabatic compressibility (fad), intermolecular free length (Ly),
molar sound velocity (R), specific acoustic impedance (Z), molar
volume (Vm) and surface tension (y) are evaluated using standard
relations. Thetrendsin acoustical parameters of present polymer-
surfactant system suggests the aggregation of surfactant micelles
on to the polymer chain at critical micelle concentration (CMC)
forming polymer-surfactant complex, supporting thewell accepted
morphology of Pearl Necklace Model.

Key Words: Polymer-surfactant interaction, Acoustic para-
meters, Critical micelle concentration.

INTRODUCTION

Polymer surfactant interactions have been studied by various methods'.
Non-ionic surfactants play an important role in many chemical reactions
by forming micelles in aqueous medium due to the presence of polar head
group and non-polar long chain hydrocarbon. Triton-X-100isused in biolo-
gical study becauseit does not denature the integral protein and it isfound
to be biodegradable. Polymer interacts with surfactant by inducing
micelization of surfactant on the polymer chain after getting saturated with
micelles, the excess of surfactant form free micelles’. The polymer-surfactant
interaction consider the effect of polymer molecule on surfactant self
assembly through micelle formation. The phenomenon of aggregation of
surfactant in presence of polymer can be characterized by further addition
of surfactant leadsto polymer saturation point (PSP) or the CMC of surfactant
in presence of polymer”®,

In present studies, the data of ultrasonic velocity, density of the polymer-
surfactant system containing water soluble polymer polymethacrylic acid
(PMAAC) and non-ionic surfactant Triton-X-100 (TX-100) at 303 and 313
K have been reported.
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EXPERIMENTAL

Non-ionic surfactant Triton-X-100 (TX-100) was obtained from Fluka
Chemie and was used asreceived. Polymethacrylic acid (PMAAcC) wasthe
product of SIGMA (USA), (m.w. 300000). It was dialyzed to remove low
molecular weight fraction and other associated electrolytic impurities.
Doubly distilled water with sp. conductance 2-4 uScm™ at 303 K was used
inall preparation of test solutions. Solutions of various concentrationswere
prepared by appropriate dilution of stock solutions of polymer (0.01 % wi/v)
and surfactant (30 mM). For the present study polymer concentration was
kept constant and that of surfactant concentration was varied continuously.

Sound velocities: The ultrasonic velocities of pure surfactant and polymer-
surfactant mixtureswere measured at 2 MHz using ultrasonic interferometer
M-81(M/s Mittal Enterprises, New Delhi, India) by procedure described
elsewere’. The test solution in interferometric cell was maintained at
required temperature by circulating thermostatic water with an accuracy
of + 0.1 K. The estimated accuracy of sound velocity was + 0.2 %.

Densities: Densities of the solutions have been determined using
bicapillary pyknometer. The accuracy of density measurement was+ 0.001
Kg/m?.

All the measurements were carried out such as to avoid various types
of possible degradation of the polymer solution™.

Theoretical formulations. The various acoustical parameters such as
adiabatic compressibility (Bad), intermolecular freelength (L), molar sound
velocity (R), sp. acoustic impedance (Z), molar volume (Vm) and surface
tension (y) are evaluated using following standard relations,

Bad = p™* U
Li = K (Bad)”
R = (M/p) U*®
Z=pU
vm=M/p
y=(U*) (6.3%x10%) xp
where U is ultrasound velocity, p is density, K is Jacobson's temperature

dependent constant [(93.875 + 0.375T)107], M is the effective molecular
weight which can calculated using the relation,

M =X;1 M1+ X, M,

In above relation M; and M, are the molecular weights, X; and X, are
the mole fractions of component 1 and 2.
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RESULTSAND DISCUSSION

In the present investigation, critical micelle concentration (CMC) of
surfactant is determined by ultrasonic method. The plot of sound velocity
vs. concentration of TX-100 (Fig. 1) exhibit aclear and well-defined ‘ break’
at 0.25 and 0.84 mM at 303 and 313 K, respectively. As ultrasonic waves
are high frequency mechanical waves, their velocity in the medium
depends™ inversely on the density and the compressibility of the medium.
In the present study, the densities of TX-100 do not undergo appreciable
change at experimental conditions. Hence the sound velocity in aqueous
solution of the surfactant should be determined primarily by the compress-
ibility of the medium. Aslong as TX-100 exists as free monomer in very
dilute solution and if these monomers form compact micelles i.e. a the
CMC, the sound velocity initially increased, acquires maximum value at
its CM C and then starts decreasing asthe concentration of TX-100increased.
If thisis possible and true then the ‘break’found at 0.25 and 0.84 mM at
303 and 313 K, respectively, are closeto the reported vaules™. Thisobserv-
ation suggeststhat the ultrasound vel ocity measurement can berelied upon
to yield meaningful information about the micelle aggregation in aqueous
solution.
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Fig. 1. Plot of sound velocity vs. [TX-100] at (a0 303 K) and (b: 313 K)

The sound velocities and the derived parameters for PMAACc-TX-100
system are presented in Tables 1land 2.

The plots of surface tension (y) vs. concentration of TX-100 (Figs. 2
and 3) shows at characteristic concentration of surfactant, the surface tension
is maximum indicating that there are strong molecular interactions
between surfactant molecules and the added polyelectrolyte in agueous
medium at different temperatures.
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TABLE-1
ULTRASOUND VELOCITIES AND DERIVED PARAMETERS FOR
PMAAC-TX-100 SYSTEM AT 303 K

pad z L Vm R[mmol™ y
(M N*x  (kgm? A (mL (N/m)™ % (N/m)
109 s'x109) @ om0 107 10
05988 1123 11153 7.1096 1.2525 1.6825 22542 234301 2.644
11952 1157 11168 6.6889 12921 16319 19376 2034.09 2.769
17893 1184 11173 6.3845 13229 15944 17079 1806.79 2.868
23809 1223 11183 59784 13677 15428 151.36 161864 3.013
29703 1245 11195 57628 1.3938 15148 136.39 1467.28 3.098
3.5573 1274 11206 54981 14276 14795 12410 134537 3.210
4.1420 1208 11214 52928 14556 14517 11384 124177 3.303
47244 1320 11221 51147 14812 14270 10518 115382 3.390
53045 1343 11229 49375 15080 1.4021 97.72 107814 3481
58823 1994 11237 45795 15664 1.3503 91.26 101946 6.303
64579 1422 11243 43986 15987 13234 85.59 96246 3.798
70312 1455 11253 4.1973 16375 12927 80.56 91282 3934

[TX-100] U P
Mx10° (ms’) (kgm?

TABLE-2
ULTRASOUND VELOCITIES AND DERIVED PARAMETERS FOR
PMAAC-TX-100 SYSTEM AT 313K

Bad z L vm R[mmol* vy
(M N*x  (kgm? A (mL  (N/m)™ % (N/m)
109 s'x109 @ moy 107 10
05988 1102 11155 7.3819 1.1293 1.7443 22538 232795 2569
11952 1138 1116.7 6.9148 12708 16882 193.78 2023.06 2.701
1.7893 1174 11173 6.4937 13117 16360 170.79 1801.66 2.831
23809 1201 11186 6.1978 1.3434 15983 151.32 1608.38 2.933
29703 1228 11194 59240 13746 15626 13640 1460.71 3.034
35573 1251 11203 57036 14015 15332 12413 133750 3.123
4.1420 1285 11216 53995 14412 14918 11382 123745 3.252
47244 1316 11228 51426 14776 14559 10511 1151.79 3.377
53045 1334 11234 5.0021 1.4986 1.4359 97.68 107526 3.448
58823 1367 11249 47572 15377 14003 91.16 101169 6.183
6.4579 1393 11254 45772 15677 13735 85.51 954.97 3.686
70312 1412 11261 4.4540 15900 1.3549 80.51 903.24 4.213

[TX-100] U P
Mx10° (ms’) (kgm?)

Thevariation of sound velocity with concentration of surfactant isgiven

by relation®.
du/dC = —U/2) [(1/p) (dp/dC) + (1/Bad) (dBad/dC)]

According to Eyring and Kincaid model for sound wave propagation;
the sound velocity increased as L decreased asaresult of mixing of compo-
nents. Thisisfurther supported by expected decreasein fad with increased
concentration of surfactant, signifies the probable interaction between the
solute and solvent™.
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Conclusion

Thetrendsin acoustical parametersof PMAAC-TX-100 systems suggests
strong interaction between polymer and surfactant due to aggregation of
surfactant micelles on to the polymer chain at CMC resulting in to polymer
saturation point. This observation may support the well-accepted morphology
of Pearl Necklace Model. In this scenario, anecklace is formed where the
surfactant micelles acts as* beads' and polymer chain behavesasa‘string’.
It isevident that in thismodel the micelle size must be small as compared
to characterized size of polymer which correspondsto high molecular weight.
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