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Abstract Acoustical studies arc undertaken in aqueous solutions of sodium olcate 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 (ModcMOl) at 303 K From the measured ultrasonic velocity (O  and attenuation various
other parameters namely adiabatic compressibility (/it), frcelength {Lj) and excess absorption arc calculated and reported The velocity
studies show that the variation of ultrasonic velocity with concentration exhibits a break at the critical micelle concentration (CMC) of the 
surfactants m water fhese studies further establish that the addition of urea shifts the CMC of aqueous surfactants. The results are discussed on 
the basis of micelle formation and structure breaking nature of urea
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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 taurocholate.

2. Experimental
The surfactants and urea used here are AR/BDH grade and 
arc used without further purification. The sur/'’Jtant solutions 
having different concentrations are prepared by dissolving 
the required amounts of surfactants *id 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 i2  parts in 10̂ . 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 freelcngth 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

molar
C’ P

kgm ’
A '7.

10»'N'm= lO'iNsm-'
(a!p\x (a//=)ob.

10 Npm ■
Lf
K

0 001 1502 9 990 2 4 44 8 07 63 156 1 149 7 0.421

0 002 1498 992 4 4 47 8 10 63 179 4 173.9 0.422

0 003 1494 994 2 4 49 8 18 64 228.0 221.6 0 423

0 004 1490 996 2 4 51 8 17 6 5 247 2 240 7 0 424

0 005 1486 998 2 4 54 8 28 66 322 4 315.7 0.425

0 006 1479 9 999 8 4 57 8 88 12 386 4 379.2 0.427

0 007 1497 6 1000.7 4 46 8 24 63 169.4 163 1 0.422

0 008 15106 1002 5 4.38 8 17 62 140 2 134 0 0.418

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

X C P A ris (a//^)d (a//' )̂ob5 ( a P ) , .
molar ms ‘ kg m ^ 10 ‘*Nsm - If

10 '̂  Npm A

0 002 1514 998 5 4 36 6 58 49 477.8 472 9 0413

0 004 1579 9 •loot 3 4 32 6 83 49 464 6 459 6 0416

0.006 1524 8 1002 5 4 28 7.29 5.3 386 7 381 4 0412

0 008 1529 8 1005 7 4 24 7 46 5.4 340.0 334 6 0410

0010 1539 9 1009 6 4 17 7.55 5.3 347.8 342.5 0 407

0.012 1550 7 1013.7 4 10 7 68 5 3 360.0 354 7 0.403

0014 1560.6 1019.4 4.02 7.90 5.3 391.3 386 0 0.399

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

X C P A ns (or//’)d (Ô ^̂ )obs { o p ) „
molar ms ‘ kg m 10 *“ N ‘m̂ 10~^Nsm'2 Lf

10 Npm A

0 002 1517 1000 0 4 34 6 98 52 567 7 562 5 0.415

0.004 1524.6 1003.5 4 28 7.16 5.2 550.1 544 9 0.412

0.006 1530.9 1007.2 4 23 7 24 5.2 518.3 513.1 0.410

0.008 1537 3 10104 4 18 7.34 5.2 476 9 471.7 0.407

0.010 1542.8 10138 4 14 7 48 5.2 469.6 464.4 0.405

0.012 1568.9 1017.6 3.99 8 56 5.8 521.6 515 8 0.400

0.014 1597 8 1021 8 3 83 9 39 5.9 534.4 .528.5 0.390
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X C P (a//2)ci («//*)<*• («//*)«
molar ms”‘ kgm ’ 10 M 'm̂ lO ’̂ Nsm"̂ — Lf

10“‘^Npm A

0 005 1504.56 997.3 4 42 7 86 6 0 677.2 671 2 0 420

0010 1510.27 997 9 4.39 7 79 5 9 636 3 630 4 0419

0 015 1513 65 998.6 4.37 8 04 . 6.0 638.8 632 8 0416

0 020 1516.50 999.6 4 34 816 6 1 640 4 634 3 0414

0 030 1521.30 1000 4 431 8 16 i 63 643 5 637 2 0.413

0 040 1526 87 1002,3 4 27 8 55 > 6.2 647 4 641 2 0411

fable 5. 1Ultrasonic parameters for aqueous solutions of sodium taurocholate + 0  I molar urea at 303 K

X C P A ns (atrU («//")obs
molar ms“' k g m ’ lO-iNsm-^ If

10 '^NpnrV^ A

0 002 1503.0 WO 4 43 7 46 5 7 736 0 730 2 0 420

0 004 1507.3 997 8 441 7 50 5 7 710 1 704 4 0418

0 006 15120 998 3 4 38 7 72 5 8 690 2 684 4 0416

0 008 1516 5 998 8 4 35 111 58 672.3 666 5 0415

0010 1520.2 999 2 4 32 1 84 5 8 658 0 652 2 0414

0012 1522 4 999 9 431 7 97 59 649 0 643 1 0.413

0 015 1524,4 1000 5 4 30 8 07 5 9 655 5 649 6 0413

0 018 1527.6 1001 4 4 27 8.21 60 667 7 661 7 0412

fable 6. Ultrasonic parameters for aqueous solutions of sodium laurocholate + 0 2  molar urea at 303 K

.V C p A 'A (a!p)a
molar ms * kgm-5 10-'«N'm* lO^^Nsm'2 Lf

A

0 002 1507 4 997.8 441 6 88 52 8199 814 7 0418

0 004 1511.8 998.2 4.38 7 08 54 801 9 796 5 0417

0 006 1516 1 999.1 4 35 7 28 5.5 783 6 778.1 0415

0 008 1521.2 1000 2 4.31 741 5 5 768 9 763 4 0414

0010 1525.9 1001.3 4 28 7.53 5 5 749 2 743.7 0412

0012 1531.0 1002 4.25 7 59 5.5 734 7 729.2 0410

0.015 1533.8 1003 3 4 23 7 74 5.6 758.4 752.8 0.410

0.018 1536.4 1004.4 4.21 7 83 5.6 789.7 784.1 0.405

A ~ Concentration; C -  Ultrasonic velocity; p  -  Density of the solution; -  Adiabatic compressibility; -  Shear viscosity; -  Classical
absorption; (a!p)o\a ” Observed absorption; (a/P)^^ -  Excess absorption; Lf -  Freelength

Aqueous solutions o f sodium oleote : With the addition of 0.1 and 0.2 molar urea to these
From Figure 1, it can be seen that the ultrasonic velocity in aqueous solutions of sodium olcate, the ultrasonic velocity 
aqueous solutions of sodium oleate decreases with increase also increases with increase of concentration of sodium
uf concentration of sodium oleate up to 0,006 molar and oleate and urea. These results can be explained by resorting
thereafter the ultrasonic velocity increases with further to flickering cluster model ofwater. According to this model*
increase in concentration of sodium oleate. water is supposed to consist of hydrogen bonded clusters
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called "open structures' and dense monomers called "dose 
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-€OOUa ^  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 oleate ion due to 
hydrophobic interaction. So, the medium becomes more 
compressible and hence the velocity decreases and the

o

0 000 0 002 0.004 0.006 0.008 0.010 0.012 0.014

Concentration (mM)

Figure 1. Variation of ultrasonic velocity with concentration of sodium 
oleate in urca-watcr mixture.

adiabatic compressibility increases. This indicates that the 
hydrophobic interaction iright 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 m

1540 I

Concentration (niM)

Figure 3. Variation of ultrasonic velocity with concentration of sodium 
taurocholatc iti urca-watcr mixture

Figure
sodium
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2. Variation o f adiabatic compressibility with concentration of 
oleate in urea-water mixture.
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Figure 4. Variation of adiabatic compressibility with concentration of 
sodium taurocholatc in urea-water mixture.
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the solutions arc surrounded by layer o f  solvent molecules 
firm ly bound and oriented towards the hyd roph ilic  head and 
the hydrophobic ta il fo rm in g  the core o f  the m icelle. The 
electrostatic fie ld  o f  the oleale ions influences the orientation 
o f the solvent molecules around it and results in increase o f  
internal pressure and low ering  o l‘ com press ib ility  (H gure  2) 
ofthe solutions, /.e., the solutions became harder to compress. 
This indicates that there is a s ign ificant surfactant-solvent 
interaction, due to which the structural arrangement has been 
considerably a ffected [1 ,9 ].

icfueous solutions o f sodium oleate with urea .

With the add ition  o f  0.1 and 0.2 m ola r urea to aqueous 
solutions o f  sodium  oleate, the ultrasonic ve loc ity  also 
increases. From Figure I, it can be seen that the ultra.sonic 
velocity fo r a particu la r concentration o f  sodium oleate is 
higher in the so lu tions w ith  0.2 m ola r urea than in the 
solutions w ith  0.1 m ola r urea. M oreover, the ve loc ity  curves 
for the aqueous so lu tions o f  sodium oleate w ith  0.1 and 0.2 
molar urea can be seen as the intersection o f  tw o  straight 
lines at a p a rticu la r concentration o f  sodium oleale, /.e., the 
critical m ice lle  concentration. The present study indicates 
that the C M C  is 0.008 m ola r and 0.010 m olar fo r aqueous 
solutions o f  sodium  oleate w ith  0.1 and 0.2 m olar urea, 
respectively.

The va iia tio n  o f  ultra.sonic ve loc ity  w ith  increasing 
concentration o f  sodium oleate in 0 1 and 0.2 m olar urea- 
water m ixtures may be explained as fo llow s :

In urea-water m ixture , the urea being a water structure 
hieaker disrupts the less dense water clusters releasing den.se 
monomers. W hen sodium  oleate is added to these m ixture, 
the sodium ion (N a^) obtained due to the d issociation o f  
sodium oleate, restricts the overa ll m otional freedom o fth e  
water molecules released by urea. Th is increases the cohesion 
in the m edium  and thereby leading to an increase in 
ultrasonic ve lo c ity  and decrease in adiabatic com pressib ility  
upto 0.008 and 0.010 m ola r concentration o f  sodium oleate 
in 0.1 and 0.2 m ola r area-water m ixture.

The u ltrasonic ve loc ity  increases when the concentration 
of sodium oleate is fu rther increased above C M C  in 0 .1 and 
0 2 m olar urea-water m ix ture . Th is  behavior is s im ila r to  the 
variation o f  u ltrasonic ve loc ity  above C M C  in aqueous 
solutions o f  sodium  oleate. Hence, the explanation offered 
for the increase o f  u ltrasonic ve lo c ity  w ith  increasing 
concentration o f  sodium  oleate in water above C M C  may be 
extended too  to  th is observed increase in the u ltrasonic 
velocity above CMC in aqueous so lutions o f  sodium oleate 
'vith 0.1 and 0.2 m ola r urea.

It is observed from  the present study that the C M C ’s o f  
aqueous so lu tions o f  sodium  oleate w ith  0.1 and 0,2 m ola r

urea is being shifted to 0.008 (sh ift o f  0.002 M ) and to 0.01 
m olar (a sh ift o f  0.004 M ) compared to 0.006 m olar o f  
aqueous sodium oleate w ithout urea. This may be attributed 
to the water structure breaking effect o f  urea. It has been 
established that the C M C  is increased when the additive 
( i)  a structure breaker, ( i i)  lowers the d ie lectric  constant 
o i the medium and ( i i i )  undergoes partial m icelle penetration 
|21.<Jln the present study, although, the addition o f  urea may 
ineqtase the d ie lectric  constant o fth e  medium, s till there is 
app ^c iab lc  sh ift in C M C  towards higher concentration. This 
majl be due to the fact tliat, the structure breaking effect may 
be jlredom inating  over the increase o f  d ie lectric  constant o f  
the medium.

The ultrasonic absorption measurements undertaken in 
aqueous solutions o f  sodium oleate w ith  0.1 and 0.2 molar 
urea shows a change o f  slope at C M C  thereby supporting 
the explanation offered fo r the ve loc ity  studies.

A q u e o u s  s o lu tio n s  o f s o d iu m  ta u ro c h o la te  :

From Figure 3, it can be seen that the ultrasonic ve loc ity  
increases w ith  inc re as in g  co n c e n tra tio n  o f  sod ium  
taurocholate in water, f  u ilhcr, it may be inferred from  Figure 
3, that the C M C  o f  sodium taurocholate in water is 0.01 
molar, fhe increase o fu ltrason ic  ve locity  in aqueous solutions 
o f  sodium taurocholate may be due to the form ation o f  
hydrogen bonds between the hydroxyl groups o f  sodium 
taurocholate and the water molecules. In addition, the Na* 
ion obtained due to tlie dissociation o f  sodium taurocholate 
in aqueous m ed ium  m ay also c o n tr ib u te  to w a rd s  the 
increase of ultrasonic ve locity  by its water structure making 
property.

The increase o fu ltrason ic  ve loc ity  when the concentration 
o f  sodium taurocholate is increased beyond C M C  may be 
due to the aggregation o f  taurocholate molecules leading to 
m icelle form ation. Above C M C , aggregation o f  molecules 
can take place by po ly func liona l hydrogen bonding. Since, 
the ta u ro ch o la te  m o le cu le  has both  re s id ua l hydrogen  
bond donor and acceptor groups, po ly functiona l hydrogen 
b on d in g  m ay be poss ib le  and th is  m ay perhaps lead to  
the form ation o f  h igher aggregates [ lO j.  The form ation o f  
h ig h e r aggregates leads to  increase o f  u ltra s o n ic  v e lo c ity  
and decrease o f  adiabatic com press ib ility  as shown in 
Figures 3 and 4.

Aqueous solutions o f sodium taurocholate with urea :
In Figure 3, the u ltrasonic ve loc ity  increases w ith  increasing 
concentration o f  sodium taurocholate in 0 .1 and 0.2 m olar 
urea-water m ixture, th is  is s im ila r to the ve loc ity  varia tion 
observed m aqueous solutions o f  sodium taruocholate. So, 
the e xp la n a tio n  o ffe re d  fo r  the v a r ia t io n  o f  u ltra s o n ic  
ve loc ity  in aqueous solutions o f  sodium  taurocholate also



282 G Ravichandran

h o ld s  g o o d  fo r th e  varia tio n  o f  ve locity  w ith  concen tra tion  

o f  so d iu m  tau ro ch o la tc  in 0.1 and  0 .2  m o lar u rea-w ater 

m ix tu re .

F rom  F igure  3, it can  a lso  be in ferred  tha t the critical 

m ice lle  co n cen tra tio n  o f  .sodium tau ro ch o la te  in 0 .2  m o lar 

u rea -w a te r m ix tu re  is 0 .012  m olar, w h ich  is 0 .002  M h igher 

than  the  C M C  o f  sod ium  tau ro ch o la tc  in w ater. H ow ever, the 

C M C  o f  so d iu m  tau ro ch o la te  in 0.1 m o lar u rea-w ater m ixture 

rem a in s u n ch an g ed  a t 0.01 M . T h is m ay be due to  the  fact 

th a t the  s tru c tu re  b reak in g  streng th  o f  0.1 m d la r u rea  m ay 

n o t be su ffic ien t to  sh ift th e  C M C  o f  sod ium  tau rocho la tc  

to  h ig h e r co n cen tra tio n s . T h e  sh ift o f  C M C  o f  sod ium  

tau rocho la te  in 0 .2  m o lar u rea-w ater mi.xturc m ay be attributed  

to  the  s tru c tu re  b reak in g  p ro p erty  o f  u rea  as in the  case  o f  

aq u eo u s  so d iu m  o lea te  w ith  u rea. H ence , the exp lana tion  

o ffe red  fo r th e  sh ift o f  C M C  o f  sod ium  o lea te  in \Irea-w ater 

m ix tu re  m ay  b e  ex ten d ed  to  sod ium  tau rocho la te  in urea- 

w a te r m ix tu re .

T h e  ve lo c ity  stud ies undertaken  in aq u eo u s so lu tio n s o f  

sod ium  tau ro ch o la te  w ith 0.1 and 0.2 m o lar u rea are  supported  

by  the  u ltra so n ic  a ttenua tion  m easurem en ts. T he excess

ab so rp tion  ca lcu la ted  in these  so lu tio n s a lso  ex h ib its  a break 
at C M C .
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