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Abstract

Acoustical studies arc undertaken in aqueous solutions of sodium oleate and sodium taurocholate, which form micelles in aqueous

solution. The ultrasonic velocity and attenuation arc measured in these solutions in the concentration range 0 001-0 04 molar by adding 0 1 and
0 2 molar urea using a Time Intervalometer (Modcl-101) at 303 K From the measured ultrasonic velocity (C) and attenuation (a2/f ). various
other parameters namcly adiabatic compressibility (f,), freelength (Ly) and cxcess absorption (a/f?),, are calculated and reported The velocity
studies show that the vanation of ultrasonic velocity with concentration exhibits a break at the critical mucelle concentration (CMC) of the
surfactants in water These studies further establish that the addition of urea shifts the CMC of aqueous surfactants. The results are discussed on

the basis of micclle formation and structure breaking nature of urca
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PACS Nos. 43 35 Bf, 82 70 Uv

1. Introduction

Our earlier ultrasonic studies in aqueous solutions of
potassium and sodium oleate [1] clearly brought out the
process of micellar aggregation taking place in aqueous
solutions of these surfactants. The effect of additives on
micelle formation, critical micelle concentration (CMC) and
on thermodynamic parameters of the surfactants has been the
interest of many researchers [2-5]. It has been well established
that the properties of aqueous micellar solutions are modified
by the addition of additives such as electrolytes, non-
electrolytes and polymers. These additives can affect in
many ways the delicate balance of hydrophobic and
hydrophilic interactions of micelle forming surfactants.
Several studies related to the effect of urea [2-4,6] and alkyl
urea [7] on the aggregation of surfactants have been reported
in literature. It has been established that urea acting as
statistical structure breaker destabilizes the water structure.
It has pronounced ability towards protein denaturation. From
a survey of literature, it has been found that the studies on
effect of urea on the aqueous solutions of sodium oleate and
a biological detergent sodium taurocholate are scandy.

Hence, the present study has been undertaken to throw more
light on the effect of urea on the micelles formed by sodium
oleate and sodium taurocholatc.

2. Experimental

The surfactants and urea used here are AR/BDH grade and
are used without further purification. The sur.> :tant solutions
having different concentrations are prepared by dissolving
the required amounts of surfactants .1d urea in double
distilled water. The ultrasonic velocity and absorption are
measured using an ultrasonic time intervalometer (Model
101, Innovative Instruments, Hyderabad) using a pulse echo
overlap technique at an RF frequency of 10 MHz and at a
temperature of 303 K. The accuracy of velocity measurement
is +2 parts in 10%. Shear viscosities are measured using an
Ostwald's viscometer and the densities at different
concentrations of surfactants and urea are determined using
a graduated dilatometer. From the measured values of
velocity, density, viscosity and observed absorption, various
other parameters such as adiabatic compressibility,
intermolecular freelength and classical absorption are
calculated using standard equations.
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3. Results and Discussion

Ultrasonic velocity and absorption studies are undertaken in
aqueous solutions of sodium oleate and sodium taurocholate
in the concentration range 0.001 to 0.014 molar (for sodium
oleate) and 0.005 to 0.04 molar (for sodium taurocholate)
with the addition of 0.1 and 0.2 molar urea at 303 K. The

measured parameters and the derived parameters for these
aqueous solutions of surfactants without urea and with the
addition of urea are presented in Tables 1-6. The variation
of ultrasonic velocity and adiabatic compressibility with
concentration of these surfactants in water and urea-water
mixture are shown in Figures 1-4.

Table 1. Ultrasonic parameters for aqueous solutions of sodium oleate at 303 K

X ¢ o A m (@lfNa (@/f)ows (@f)ex
molar ms ! hgm? 10 1N 'm? 10 #Nsm™? Ly
107 Npm s 2 A
0001 15029 990 2 4 44 807 63 156 1 149 7 0.421
0002 1498 992 4 447 810 63 1794 173.9 0.422
0003 1494 994 2 449 818 64 228.0 221.6 0423
0004 1490 906 2 451 817 65 2472 2407 0424
0005 1486 998 2 454 828 66 3224 315.7 0.425
0 006 14799 999 8 457 8 88 7.2 3864 3792 0.427
0007 1497 6 1000.7 446 824 63 . 169.4 163 1 0.422
0008 15106 1002 § 438 817 62 1402 1340 0.418

Table 2. Ultrasonic parameters for aqueous solutions of sodium oleate + 0 1 molar urea at 303 K

X c p . m (@lf (@ )obs (alfDes
molar ms ! kgm? 10-7ON-'m? 10 4 Nsm'? Ly
10°' Npm' ls? A
0002 1514 998 5§ 436 658 49 477.8 4729 0413
0004 15799 1001 3 432 683 49 464 6 459 6 0416
0.006 1524 8 . 1002 5 428 729 53 3867 3814 0412
0008 15298 1005 7 424 746 54 340.0 3346 0410
0010 15399 1009 6 417 7.5§ 53 3478 3425 0 407
0.012 15507 1013.7 410 768 53 360.0 3547 0.403
0014 1560.6 1019.4 4.02 7.90 53 3913 3860 0.399

Table 3. Ultrasonic parameters for aqueous solutions of sodium oleate + 0 2 molar urea at 303 K

X c P A s (alf D (@f?)obs (@lf?)ex
molar ms ! kgm 10 YON-Im? 10-4Nsm-2 Lr
10-'$ Npm' ' s-2 . A
0002 1517 10000 434 698 52 5677 5625 0415
0.004 1524.6 1003.5 428 7.16 5.2 550.1 5449 0412
" 0.006 1530.9 1007.2 423 724 52 5183 513.1 0410
0.008 15373 10104 418 7.34 52 476 9 471.7 0.407
0.010 1542.8 1013 8 414 7438 52 469.6 464.4 0.405
.0.012 1568.9 1017.6 3.99 8 56 58 521.6 5158 0.400
0.014 1597 8 1021 8 383 939 59 5344 528.5 0.390
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Table 4. Ultrasonic parameters for aqueous solutions of sodium taurocholate at 303 K

X c P B 1 (alf3) (@f?)ons (@lfVex
molar ms™! kgm? 10 19N ';m2 10-* Nsm? Ly
10-'S Npm !s-2 A
0005 1504.56 997.3 442 7 86 60 677.2 6712 0420
0010 1510.27 9979 439 779 59 6363 6304 0419
0015 1513 65 998.6 4.37 804 6.0 638.8 6328 0416
0020 1516.50 999.6 434 816 ; 61 640 4 6343 0414
0030 1521.30 1000 4 431 816 % 63 643 § 6372 0413
0 040 1526 87 1002.3 427 855 J‘ 6.2 647 4 6412 041}

T'able 5. Ultrasonic parameters for aqueous solutions of sodium taurocholate +0 1 molar urea at 303 K

X c P B, m (@/fMa (elf*obs (@lf*)e.
molar ms™! kg m™ 1019 N-!m? 10-4Nsm-? Ly
10 '* Npm-'s2 A
0002 1503.0 9970 443 746 57 7360 7302 0420
0004 1507.3 997 8 4 41 750 57 7101 704 4 0418
0006 15120 998 3 4 38 772 58 6902 684 4 0416
0008 1516 5 998 8 435 717 58 672.3 666 § 0415
(G010 1520.2 999 2 432 784 58 6580 6522 0414
0012 15224 999 9 431 797 59 649 0 643 1 0.413
0015 1524.4 1000 5 430 807 59 655§ 649 6 0413
0018 1527.6 1001 4 427 8.21 60 6677 6617 0412

T'able 6. Ultrasonic parameters for aqueous solutions of sodium taurocholate + 0 2 molar urea at 303 K

X c P B, s (@/f*)a (@lf?)ovs (@lfH)ex
molar ms! kgm3 10-1ON Im? 10-4Nsm-2 Ly
105 Npm-'s-2 A
0002 1507 4 997.8 441 688 52 81990 8147 0418
0004 1511.8 998.2 438 708 54 8019 796 5 0417
0006 1516 1 999.1 435 728 5.5 783 6 778.1 0415
0008 1521.2 1000 2 431 7 41 55 768 9 763 4 0414
0010 1525.9 1001.3 428 7.53 55 749 2 743.7 0412
0012 1531.0 1002 4.25 759 55 7347 729.2 0410
0.015 1533.8 1003 3 423 774 5.6 7584 752.8 0410
0.018 1536.4 1004.4 421 783 5.6 789.7 784.1 0.405

X — Concentration; C - Ultrasonic velocity; p - Density of the solution; f§; - Adiabatic compressibility; 7; ~ Shear viscosity; (a/f?)a - Classical
absorption; (a/f2)eps — Observed absorption; (a/f2)ex — Excess absorption; Ly - Freelength

Aqueous solutions of sodium oleate :

From Figure 1, it can be seen that the ultrasonic velocity in
aqueous solutions of sodium oleate decreases with increase
of concentration of sodium oleate up to 0.006 molar and
thereafter the ultrasonic velocity increases with further
increase in concentration of sodium oleate.

With the addition of 0.1 and 0.2 molar urea to these
aqueous solutions of sodium oleate, the ultrasonic velocity
also increases with increase of concentration of sodium
oleate and urea. These results can be explained by resorting
to flickering cluster model of water. According to this model,
water is supposed to consist of hydrogen bonded clusters
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called ‘open structures’ and dense monomers called ‘close
packed structures’. Water is a dynamic mixture of these two.
The close and open packed structure of water plays an
important role in micellisation.

In aqueous medium, sodium oleate dissociates as
R~COONa = RCOO~ + Na*.

The Na* ion thus obtained has a water structure making
property [8]. This Na' ion restricts the overall motional
freedom of dense monomers, and thereby the water clusters
try to aggregate around the hydrophobic olcate ion duc to

hydrophobic interaction. So, the medium becomes more
compressible and hence the velocity decreases and the
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Figure 1. Vanation of ultrasomic velocity with concentration of sodium
oleate in urca-water mixture.
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Figure 2. Variation of adiabatic compressibility with concentration of
sodium oleate in urca-water mixture.

adiabatic compressibility increases. This indicates that the
hydrophobic interaction 1-ight be dominating over the
structure making property of Na* ions in aqueous solutions
of sodium oleate upto a concentration of 0.006 molar.

The increase in ultrasonic velocity after 0.006 molar
concentration of sodium oleate, may be due to micelle
formation taking place in these solutions. The velocity and
compressibility curves can be regarded as the intersection of
two straight lines at a definite concentration of 0.006 molar.
This shows that 0.006 molar is the critical micelle
concentration (CMC) of sodium oleate in water. The increase
of ultrasonic velocity after 0.006 molar i.e., after CMC, may
be explained on the basis of the fact that the oleate ions in
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Figure 3. Vanation of ultrasonic velocity with concentration of sodium
taurocholate n urca-water mixture
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Figure 4. Variation of adiabatic Sompressibility with concentration of
sodium taurocholate in urca-water mixture.
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the solutions arc surrounded by layer of solvent molecules
firmly bound and oriented towards the hydrophilic head and
the hydrophobic tail forming the core of the micelle. The
clectrostatic field of the olcate ions influences the orientation
of the solvent molecules around it and results in increase of
internal pressure and lowering of compressibility (Figure 2)
ofthe solutions, i e., the solutions became harder to compress.
This indicates that there is a significant surfactant-solvent
interaction, due to which the structural arrangement has been
considerably affected [1,9].

fqueous solutions of sodium oleate with urea .

with the addition of 0.1 and 0.2 molar urca to aqucous
solutions of sodium oleate, the ultrasonic velocity also
mcreases. From Figure 1, it can be seen that the ultrasonic
velocity for a particular concentration of sodium oleate 1s
fugher in the solutions with 0.2 molar urea than in the
solutions with 0.1 molar urea. Moreover, the velocity curves
for the aqueous solutions of sodium oleate with 0.1 and 0.2
molar urea can be seen as the intersection of two straight
lines at a particular concentration of sodium olcate, i.e., the
critical micelle concentration. The present study indicates
that the CMC is 0.008 molar and 0.010 molar for aqueous
wlutions of sodium oleate with 0.1 and 0.2 molar urca,
respectively.

The wvariation of ultrasonic velocity with increasing
concentration of sodium oleate in 0 1 and 0.2 molar urea-
water mixtures may be explained as follows :

In urea-water mixture, the urea being a water structure
breaker disrupts the less dense water clusters releasing dense
monomers. When sodium oleate is added to these mixture,
the sodium ion (Na') obtamed due to the dissociation of
sodium oleate, restricts the overall motional freedom of the
water molecules released by urea. This increases the cohesion
in the medium and thereby leading to an increase in
ultrasonic velocity and decrease in adiabatic compressibility
upto 0.008 and 0.010 molar concentration of sodium olcate
n 0.1 and 0.2 molar area-water mixture.

The ultrasonic velocity increases when the concentration
of sodium oleate is further increased above CMC in 0.1 and
02 molar urea-water mixture. This behavior is similar to the
variation of ultrasonic velocity above CMC in aqueous
solutions of sodium oleate. Hence, the explanation offered
for the increase of ultrasonic velocity with increasing
concentration of sodium oleate in water above CMC may be
extended too to this observed increase in the ultrasonic
velocity above CMC in aqueous solutions of sodium oleate
with 0.1 and 0.2 molar urea.

It is observed from the present study that the CMC’s of
aqueous solutions of sodium oleate with 0.1 and 0.2 molar

urca is being shifted to 0.008 (shift of 0.002 M) and to 0.01
molar (a shift of 0.004 M) compared to 0.006 molar of
aqueous sodium oleate without urea. This may be attributed
to the water structure breaking cffect of urea. It has been
established that the CMC is increased when the additive
(i) i a structure breaker, (ii) lowers the dielectric constant
of the medium and (iii) undergoes partial micelle penetration
[2].4n the present study, although, the addition of urea may
incr':as.c the dielectric constant of the mediuny, still there is
app?ccialwlc shift in CMC towards higher concentration. This
ma):é be due to the fact that, the structure breaking effect may
be gredominating over the increase of dielectric constant of
the medium.

The ultrasonic absorption measurements undertaken in
aqueous solutions of sodium oleate with 0.1 and 0.2 molar
urea shows a change of slope at CMC thereby supporting
the explanation offered for the velocity studies.

Aqueous solutions of sodium taurocholate :

From Figure 3, it can be scen that the ultrasonic velocity
increases with increasing concentration of sodium
taurocholate in water. Further, it may be inferred from Figure
3, that the CMC of sodium taurocholate in water is 0.01
molar. The increase of ultrasonic velocity in aqueous solutions
of sodium taurocholate may be due to the formation of
hydrogen bonds between the hydroxyl groups of sodium
taurocholate and the water molecules. In addition, the Na'
ion obtaincd due to the dissociation of sodium taurocholate
in aqucous medium may also contribute towards the
increase of ultrasonic velocity by its water structure making
property.

The increase of ultrasonic velocity when the concentration
of sodium taurocholate is incrcased beyond CMC may be
due to the aggregation of taurocholate molecules leading to
micelle formation. Above CMC, aggregation of molecules
can take place by polyfunctional hydrogen bonding. Since,
the taurocholate molecule has both residual hydrogen
bond donor and acceptor groups, polylunctional hydrogen
bonding may be possible and this may perhaps lead to
the formation of higher aggregates [10]. The fgrmation of
higher aggregates leads to increase of ultrasonic velocity
and decrease of adiabatic compressibility as shown in
Figures 3 and 4,

Agqueous solutions of sodium tawrocholate with urea :

In Figure 3, the ultrasonic velocity increases with increasing
concentration of sodium taurocholate in 0.1 and 0.2 molar
urca-water mixture. This is similar to the velocity variation
observed n aqueous solutions of sodium taruocholate. So,
the explanation offered for the variation of ultrasonic
velocity in aqueous solutions of sodium taurocholate also
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holds good for the variation of velocity with concentration
of sodium taurocholate in 0.1 and 0.2 molar urea-water
mixture.

From Figure 3, it can also be inferred that the critical
micelle concentration of sodium taurocholate in 0.2 molar
urea-water mixture is 0.012 molar, which is 0.002 M higher
than the CMC of sodium taurocholate in water. However, the
CMC of sodium taurocholate in 0.1 molar urea-water mixture
remains unchanged at 0.01 M. This may be due to the fact
that the structure breaking strength of 0.1 mdlar urea may
not be sufficient to shift the CMC of sodium taurocholate
to higher concentrations. The shift of CMC of sodium
taurocholate in 0.2 molar urea-water mixturc may be attributed
to the structure breaking property of urea as in the case of
aqueous sodium oleate with urea. Hence, the explanation
offered for the shift of CMC of sodium oleate in \frea-water
mixture may be extended to sodium taurocholate in urea-
water mixture,

The velocity studies undertaken in aqueous solutions of

sodium taurocholate with 0.1 and 0.2 molar urea are supported
by the ultrasonic attenuation measurements. The excess

absorption calculated in these solutions also exhibits a breal,
at CMC.
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