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ABSTRACT 
Apparent molar volume, viscosity, ultrasonic velocity and absorption studies have been carried out in aqueous solution of 
some bile salt namely sodium cholate (SC) in the concentration range of 7-17mM by adding 0.1M, 0.2M and 0.3M of 
urea, N-methylurea (MU) and N,N-dimethylurea (DMU) using a digital ultrasonic pulse echo velocity meter at a fixed 
frequency of 2MHz and at a fixed temperature of 303.15 K. The variation of apparent molar volume and ultrasonic 
velocity with concentration exhibits a break at the critical micelle concentration (CMC) of aqueous surfactants with 
addition of urea and alkylureas (MU and DMU).  The results are discussed on the basis of solvent-solvent interactions 
brought about by the modification of hydrophobic interaction in the medium due to the addition of urea, MU and DMU.  
The results obtained from apparent molar volume, ultrasonic velocity and apparent molar compressibility studies are 
confirmed by the equivalent conductance measurements.  
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INTRODUCTION 
Urea and its derivatives are well-known denaturants of 
proteins [1,2], because of their ability to weaken 
hydrophobic interactions in aqueous solution [3]. For the 
same reason, one expects that urea may have a profound 
effect on the properties of micellar solutions [4,5].   Two 
different mechanisms have been proposed for the action of 
urea on surfactants namely (i) indirect mechanism, in 
which urea changes the structure of interfacial water 
surrounding the solute, and (ii) direct mechanism, where 
urea replaces some of the water molecules in the hydration 
shell of the solute [6]. The indirect mechanism has 
received most of the attention and has been widely 
accepted in the past.    It has been established that the 
addition of urea alter the properties of micellar solutions 
by a delicate modulation of the balance of hydrophilic and 
hydrophobic interactions and increases the critical micellar 
concentration of ionic and nonionic surfactants [7,8]. 
Apparent molar volume is one of the important 
thermodynamic properties which are more helpful in 
understanding the solute–solvent, solute–solute and 
solvent–solvent interactions present in the medium. 
 

 Various studies have been reported in the 
literature [9-12] to investigate the mechanism of the action 
of urea on the micellization of single chain aliphatic 
surfactants.   But no attention has been paid so far to study 
the effect of urea and alkylureas on the micellization of 
bile salts in aqueous solutions.  Moreover, urea is 
considered as a water structure breaker, whereas 
alkylureas (MU and DMU) are considered to be water 
structuring agents.  Nevertheless, urea and alkylureas 
weakens hydrophobic effect in aqueous solution.   In 
addition, our earlier ultrasonic studies carried out in 
aqueous solutions of sodium oleate and sodium 
taurocholate with urea revealed interesting results [13]. 
Hence, in continuation of our previous work, the present 
apparent molar volume and ultrasonic studies have been 
undertaken in aqueous solutions of sodium cholate (SC)  
with 0.1- 0.3M of urea, methyl urea (MU)  and dimethyl 
urea (DMU) in order to understand the effect of urea and 
alkylureas on the aggregation behavior of sodium cholate. 
 
2.   MATERIALS AND METHODS 
The sodium cholate and additives namely urea, MU and 
DMU used in the present study are of AR/BDH grade with 
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a purity of >99% purchased from Merck chemicals, India.  
The purity of the chemicals was checked using TLC 
method.  All the chemicals used in the present study 
produced single spot in TLC showing that their purity is 
greater than 99%.   The sodium cholate having different 
concentrations are prepared by dissolving the required 
amounts of SC and additives namely urea, MU and DMU 
in Millipore water.  The ultrasonic velocity and absorption 
studies are measured using a digital ultrasonic velocity 
meter (Model VCT-70A, Vi-Micro systems Pvt. Ltd., 
Chennai, India) at a fixed frequency of 2MHz and at a 
fixed temperature of 303.15 K.  The accuracy of velocity 
measurement is ±2 parts in 105.  The viscosity and density 
of aqueous solutions of SC containing 0.1- 0.3M of urea, 
MU and DMU are determined using an Oswald’s 
viscometer and a graduated dilatometer respectively.  The 
accuracy in the measurements of density and viscosity are 
±2 parts in 105 and ±0.1 % respectively. 
From the measured values of ultrasonic velocity, density, 
viscosity and observed absorption, various other 
parameters such as apparent molar volume (ϕv), adiabatic 
compressibility (βs), apparent molar compressibility (ϕk), 
hydration number (h), intermolecular free length (Lf) and 
classical absorption (α/f2)cl are calculated using standard 
formulae [14-16].  The equivalent conductance 
measurements of aqueous SC with addition of urea, MU 
and DMU are carried out using a digital LCR bridge 
(Model 8118, Hameg, West Germany) with an accuracy of 

0.005%. The apparent molar volume and molar 
compressibility values calculated for aqueous solutions of 
sodium cholate with the addition of urea, MU and DMU at 
different concentration are fitted to Masson’s equation to 
determine ϕv0   (molar volume at infinite dilution), ϕk0 
(molar compressibility at infinite dilution), and the slopes 
of the plot (Sv and Sk), respectively.  The viscosity data is 
fitted to Jones-Dole equation (ηsp =AC1/2 + BC) using 
least square fitting method to determine the coefficients A 
and B respectively [17]. 
 
3.   RESULTS AND DISCUSSION 
The ultrasonic velocity and observed absorption in 
aqueous solutions of SC containing 0.1 - 0.3M of urea, 
MU and DMU increase with increasing concentration of 
SC in the entire concentration range studied exhibiting a 
break at critical micellar concentration (CMC). The 
variations of apparent molar volume (ϕv), specific 
viscosity (ηsp), ultrasonic velocity, apparent molar 
compressibility (ϕk) and equivalent conductance with 
concentration of SC studied are shown graphically in Figs. 
1–15.  The values of density, hydration number and fitted 
parameters of Masson’s equation and Jones-Dole equation 
are given in Tables 1-6. The various experimental and 
derived parameters are fitted to straight line equation 
before and after CMC.  The standard deviations along with 
the fitted straight line equations are given in Table 7.  
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3.1   Apparent molar volume studies 
 
Apparent molar volume (ϕv) calculated from density data 
for aqueous solutions of SC containing urea, MU and 
DMU mixtures is found to be negative for the entire 
concentration range of SC as shown in Figs 1-3. This may 
be attributed to the presence of hydrophobic surface at the 
convex side (β -side) and a hydrophilic surface consisting 
of hydroxyl and carboxylate groups at the concave side (α-
side) of the steroid nucleus of SC, respectively. A similar 
results of small and negative values for   apparent   molar 
volume   have been   reported by  Chauhan et al.[18]  in di 
(dodecyldimethyl ammonium bromide) (DDAB) in 
aqueous gelatin solutions, where this exceptional 
behaviour has been explained as due to the presence of a 
relatively larger hydrophobic group in DDAB.  This fact 
was further confirmed by our recent studies [19] on 

aqueous bile salts with 10% v/v of aprotic solvents.   
Moreover, the negative values of apparent molar volumes 
of aqueous SC in water with 0.1 - 0.3M of urea, MU and 
DMU indicate that dipole–dipole interaction between 
solute and solvent molecules is appreciable. This dipole–
dipole interaction would also apply to the solutions in 
which the SC molecules are associated by hydrophobic 
interaction. In the aggregates formed by SC molecules, the 
hydroxyl groups would remain on the outer side, free to 
interact with surrounding water, urea and alkylureas 
molecules. More hydroxyl groups are available with bile 
salts molecules, greater will be the dipole–dipole 
interaction, and smaller will be the values of ϕv.  A plot of 
apparent molar volume of aqueous SC with 0.1 - 0.3M of 
urea, MU and DMU against concentration also exhibits a 
break or change of slope at the critical micelle 
concentration (CMC). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Page: 1 2 7 0  

RESEARCH PAPER 

 

*Author for Correspondence: gopinathphysics@mailamengg.com 

The addition of urea, MU and DMU to aqueous solutions 
of SC shifts the CMC towards the higher SC 
concentration. In general, large amount of water–miscible 
organics will increase CMC value by increasing the 
solubility of the hydrophobic tail in ordinary surfactants, 
although opposite effect may occur for highly ionized 
species, where the lower dielectric constant reduces head 
group repulsion; as a result micelle formation is favoured 
[20]. In the present studies, 0.1 - 0.3M of  urea, MU and 
DMU added to aqueous solutions of SC are capable of 
forming hydrogen bonds with water as well as with the 
bile salt molecules and thus affect CMC by modifying the 
bulk water structure. As a result, hydrophobic part of the 
SC may be weakly induced by lower amount of water 
structure. This would lead to increase of CMC of SC as 
observed in the present case due to reduction in the 
entropy of micellization in water with urea and alkylureas. 
The extent of shifting towards higher concentration side 
depends on how the average dielectric constant of the 
medium is modified by the addition of urea and its 
derivatives.  The effectiveness of urea derivatives in 
raising the CMC was in the order that the more alkyl 
radicals are substituted in urea, the stronger their activities.  
Hence, the effectiveness of urea and its derivatives on the 
micellization of aqueous SC is in the order U < MU < 
DMU.  The change in the CMC value provides a clear 
evidence that urea and alkylureas appreciably influence 
the hydrophobic effect which is the deriving force of 
micellization process.  Also, though urea is weak water 
structure breaker and the alkylureas which are known to be 
structure makers, show qualitatively the same effects in 
increasing the CMC [9] (Fig. 16).   
 

 

 

 

 

 

 

 

The values of ϕv0 obtained for aqueous SC with 0.1 - 
0.3M of urea, MU and DMU mixtures is found to be 
negative. Values of ϕv0 become more negative with 
increase in concentration of urea and alkylureas (Table 4).  
This once again confirms the presence of more structured 
water in the medium due to the presence of SC, urea and 
alkylureas, thus suggesting that solvent–solvent interaction 
to be the dominant factor in the medium than ion-solvent 
interactions.  In aqueous solutions of SC, as we replace 
urea by methyl urea and then by dimethyl urea, the values 
of ϕv0 become more and more negative indicating that the 
amount of structured water present in the medium also 

increases.  This is due to the modification of hydrophobic 
interaction present in the medium with the addition of one 
or two alkyl groups to urea.  This in turn might lead to 
increased hydration in the medium thereby strengthening 
solvent-solvent interaction.   
The slope (Sv) of Masson’s equation is found to be 
positive above CMC for aqueous SC with 0.1 - 0.3M of 
urea and alkylureas suggesting the presence of soap–soap 
interaction in the medium.  It is also to be noted from 
Table 4 that, the values of Sv for aqueous solutions of SC 
with 0.1-0.3 M urea and alkylureas after CMC are found 
to be less than their corresponding values before CMC.  
This indicates that after CMC, the soap-soap interaction is 
not significant as it is before CMC and it is the solvent-
solvent interaction which dominates over any other 
interactions present in the medium.  
 
3.1.1. Mechanism of action of urea and alkylureas on 
solvent-solvent interaction 
The role of urea and alkylureas in the present studies can 
be explained using direct mechanism.  The addition of 
urea and alkylureas to aqueous solutions of SC modifies 
the hydrophobic interaction in such a way that, it leads to a 
significant increase of solubility of sodium cholate.  This 
in turn increases the CMC of aqueous sodium cholate as 
observed in the present study.  According to the direct 
mechanism, the fact that urea and alkylureas increases the 
solubility of hydrophobic solutes is ascribed to an 
improved solvation caused by the displacement of a 
number of water molecules by the larger urea and 
alkylurea molecules in the solvation.  In addition, the 
influence of urea on the hydrogen bonding structure in the 
apolar region must help the solvation of hydrophobic part 
of solutes by water molecules.  Probably, the observed 
increase of CMC is also favoured by the increase of 
solvation of head groups induced by the action of urea and 
its derivatives.  Since, urea and alkylureas have similar 
effects on the micellization, most probably the interaction 
mechanism of urea can be extended to alkylureas i.e., urea 
molecules entering the solvation shell substituting some 
water molecules. Thus, the addition of urea and alkylureas 
to aqueous solutions of SC further strengthens solvent-
solvent interaction present in the medium. 
 
3.2  Viscosity studies 
The Viscosity data for aqueous solution of SC with 0.1 - 
0.3M of urea and alkylureas are analyzed using Jones-
Dole equation. From the linear plot of ηsp / X 1/2 against  
X1/2, Viscosity B-coefficient and Falkenhagen 
coefficient-A are obtained from the slope and intercept 
using least square fitting method (figs 4-6). The fitted 
values of A and B are given in the table 6. Viscosity A-
coefficient reflects the solute-solute interactions and B-
coefficient reflects solute-solvent interactions. Viscosity 
B-coefficients also gives the information regarding order 
and disorder introduced by solute into solution.  
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In our present studies, the value of viscosity B-coefficient 
is positive before and after CMC. This indicates the 
presence of more ordered and favorable state of the 
solution structure in aqueous SC on adding urea and 
alkylureas.  When 0.1 - 0.3M of urea and alkylureas are 
added to aqueous SC, they disrupt the already existing 
solvent structure and forms a new and thermodynamically 
more feasible arrangement. As a result, urea and alkylurea 
molecules are tightly bound to water molecules due to the 
presence of hydrophobic cholate ions in the medium. This 
supports the conclusion drawn from the partial molar 
volume studies. 
 
3.3  Ultrasonic velocity studies 
Ultrasonic velocity measured in aqueous solution of SC 
with 0.1 - 0.3M of  urea, MU and DMU increases with 
increasing concentration of SC exhibiting a break or 
change of slope at CMC ( Figs. 7-9 ). The adiabatic 
compressibility shows an inverse behaviour with that of 

ultrasonic velocity. The increase of ultrasonic velocity in 
the premicellar region may be due to  (i) the formation of 
hydrogen bonds between water molecules and the 
hydroxyl group of SC   (ii) the Na+ ion obtained from the 
dissociation of SC  in aqueous medium may also 
contribute towards the increase of ultrasonic velocity by 
its water structure making property [21]. The increase of 
ultrasonic velocity when the concentrations of SC are 
increased beyond CMC i.e. in the post micellar region may 
be due to the aggregation of SC molecules leading to 
micelle formation [22]. Above CMC, aggregation of 
molecules can occur by hydrogen bonding. The formation 
of higher aggregates by hydrogen bonding leads to 
increase of ultrasonic velocity.  The increased solvation 
caused by the displacement of water molecules by the 
larger urea and alkylurea molecules leads to increased 
ultrasonic velocity in aqueous solutions of SC with urea 
and alkylureas. 
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3.4   Apparent molar compressibility studies 
The apparent molar compressibility (ϕk) obtained for 
aqueous sodium cholate with 0.1 - 0.3M of urea, MU and 
DMU in the concentration range of 7-17mM studied are 
found to be negative as shown in Figs. 10-12. This 
observation indicates that there is an increased amount of 

structured water around SC cations due to hydration and 
the anions due to hydrophobic interaction. The variation of 
apparent molar compressibility (ϕk) with SC concentration 
also exhibits a break at CMC.    
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The adiabatic compressibility (βs) and apparent molar 
compressibility (ϕk) decreases with increase of 
concentration of SC and also with increase of urea, MU 
and DMU concentrations. This can be explained on the 
basis of the fact that the hydrophobic cholate ions in the 
solutions are surrounded by a layer of solvent molecules 
firmly bond and oriented towards the ion. The orientation 
of the solvent molecules around the surfactant ions may be 
due to the influence of electrostatic field of ions. This 
results in an increase of internal pressure which in turn 
leads to lowering of compressibility of the solutions, i.e. 
the solution became harder to compress. The increasing 
concentration of urea and alkylureas make molar 
compressibility of aqueous SC more negative.  This is due 
to the fact that, the addition of urea and alkylureas induce 
the formation of hydrogen bonding (or) electrostriction of 
water molecules to the detriment of more compressible 
bulk water.  Negative compressibility for both hydrophilic 
and hydrophobic solutes were already reported by 
Cabaniet al.,[23] as in the present case.  The positive 
values of Sk indicate the presence of weak soap-solvent 
interactions in the medium.  Also, the values of Sk in 
aqueous SC with urea and alkylureas after CMC are found 
to be much lower than theircorresponding values before 
CMC indicating that soap-solvent interaction is not as 
dominant as solvent-solvent interactions.   
 
3.5   Ultrasonic absorption studies 
The observed ultrasonic absorption in aqueous solutions of 
SC containing 0.1- 0.3M of urea, MU and DMU increases 
with increasing concentration of SC (Supplementary 
Tables 8-16). Moreover, the observed absorption is found 
to be several times higher than the classical absorption. 
This indicates that the observed absorption is not due to 

shear viscosity alone, some another mechanisms are also 
contributing for the observed absorption [24].  When 
ultrasonic waves pass through the medium, part of its 
energy is used in weakening or breaking of hydrogen 
bonds already formed. So, it is very likely that during the 
compression cycle of ultrasonic wave, hydrogen bonds are 
pushed closer resulting in partial  irreversible weakening 
or breaking of hydrogen bonds due to absorption of 
ultrasonic energy. As the pressure wave passes through the 
medium completely, hydrogen bonds are formed again 
between urea and water molecules and also between SC 
and water. Such type of making and breaking of inter 
molecular hydrogen bonds as the pressure wave passes on 
through the medium contributes to the observed increase 
in ultrasonic absorption.  The hydrogen bonding leading to 
the formation of higher aggregates of SC micelles may 
also have its contribution superimposed on the increased 
ultrasonic absorption.    
 
3.6.  Conductivity studies 
The equivalent conductance of aqueous solutions of SC 
with addition of 0.1-0.3 M of urea, MU and DMU are 
measured.  The equivalent conductance decreases with 
increasing concentration of SC as shown in figs 13-15.   
This may be due to the dissociation of SC into cations 
(Na+ ions) and anions (cholate ions) and also due to the 
formation of micelles at higher SC concentration.  The 
plot of equivalent conductance against SC concentration 
also exhibits a break at CMC.  The CMC values obtained 
from equivalent conductance measurements is in 
agreement with the CMC values obtained from ultrasonic 
studies. 
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4.  CONCLUSION 
Apparent molar volume and apparent molar 
compressibility values are found to be negative and 
decreases (less negative), whereas ultrasonic velocity 
increases with increasing concentration of urea and 
alkylureas to aqueous SC. This may be due to the increase 
of more structured water in the medium in the presence of 
SC molecules and improved solvation caused by the 
replacement of a number of water molecules by the larger 
urea and alkylurea molecules.   With the addition of each 
of 0.1 - 0.3M of urea and its derivatives to aqueous 
solutions of SC, the CMC shifts towards higher 
concentration side. The extent of shifting towards higher 
concentration side depends on how the average dielectric 
constant of the medium is modified by the addition of urea 
and its derivatives.  The observed ultrasonic absorption in 
aqueous SC with urea, MU and DMU increases with 
increase of SC concentration due to making and breaking 
of intermolecular hydrogen bonds in the solutions when 
the ultrasonic waves pass through the medium. 
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