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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 (¢v), adiabatic
compressibility (Bs), apparent molar compressibility (¢k),
hydration number (h), intermolecular free length (Lf) and
classical absorption (o/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

Table-] ; Density and hvdration number of sodium ghelsts with 0. 1M ure=:

inwaterat 303.15 K.

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 ¢v0 (molar volume at infinite dilution), ¢kO
(molar compressibility at infinite dilution), and the slopes
of the plot (Sv and Sk), respectively. The viscosity data is
fitted to Jones-Dole equation (nsp =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 (¢v), specific
viscosity (nsp), ultrasonic velocity, apparent molar
compressibility (¢pk) 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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Table-2 ; Denzity and hydrati barof sodium ghelats with 0.1IMMU, 0.2M MU and 0.3M MU
ipwaterat 303.15K.
Systam Concentration D:::z(p) Hydration number

0.007 282.47 154.6

0.008 £00.25 147.2

0.009 ©900.75 138.8

0.010 001.15 131.6

SC- watar 0.011 001.64 125.5

= 0.012 902,33 121.9

0.IM MU 0.013 002.65 119.9

0.014 £03.21 116.7

0.015 003.76 115.7

0.016 00420 111.4

0.017 004,54 100.1

0.007 £03.20 100.1

0.008 003.81 180.6

0.002 904.2 166.8

SC+ Water 0.010 004,64 158.5

+ 0.011 995.30 150.5

0.2M MU 0.012 905.87 143.5

0.013 ©906.23 138.1

0.014 £06.85 133.4

0.015 097.12 130.5

0.016 207.61 126.3

0.017 908.23 1243

0.007 80714 2513

0.008 007.02 2274

0.002 008.22 207.5

SC+ Water 0.010 902.00 193.0

= 0.011 000,56 184.4

0.3M MU 0.012 000,03 174.6

0.013 1000.35 165.6

0.014 1000.92 150.5

0.015 1001.39 152.6

0.016 1001.67 1402

0.017 1002.19 145.8

Table-3 ; Dansity and hydration number of sodium ghelata with 0. IMDMU, 0.2M DMU and 0.3M
DAL 315K

Systam Concantration Dﬁ'z(p) Hydration number
0.007 ©03.33 2042
0.008 904.57 193.1
0.002 005,31 180.3
0.010 005.74 160.3
SC+ watar 0.011 006.38 150.9
+ 0.012 006.95 153.3
0.1IM DMU 0.013 007.38 140.1
0.014 007.92 1433
0.015 908.37 1308
0.016 008.89 134.8
0.017 000.41 134.1
0.007 997.81 250.8
0.008 908.39 227.4
0.002 ©08.89 207.5
SC- Water 0.010 00 12 194.9
+ 0.011 00001 184.8
0.2M DMU 0.012 1000.32 174.7
0.013 1000.75 166.2
0.014 1001.48 1502
0.015 1001.74 153.9
0.016 1002.22 148.1
0.017 1002.71 1451
0.007 1001.39 300.7
0.008 1002.23 270.6
0.002 1002.56 247.1
SC= Water 0.010 1003.29 277
+ 0.011 1003.83 216.1
0.3M DMU 0.012 1004.25 203.7
0.013 1004.65 182.7
0.014 1005.18 1843
0.015 1005.61 175.2
0.016 1006.13 171.3
0.017 1006.51 165.8
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Table4; Fitting paramatars(Maszon’s aquation) of sodivm gholats with urea MU and DMU in
waterat 303.15K

Molar voluma(d ) (m’ mol )

5.0 Standard devistion
System
é\'l ]

bafors after bafors after
SCrwater +0.1Murz2 168 7.78 430 0.0119 0.0123
SC+Water02Murs2 g8 16.13 8.74 0.0278 0.0103
SC+Watert03Muwe 19 23.06 12,76 0.0287 0.0018
s Waee INMU 3.2 18.42 0.8 0.0207 0.0037
S0+ Water0 NMU  4.52 21.73 13.83 0.0413 0.0086
SC+Water3MMU 550 34.10 18.54 0.0472 0.0076
e Watesd INDMY 337 2527 14.66 0.0160 0.0068
S0+ Water0 INDNU ~ -5-86 36.22 18.88 0.0570 0.0106
S0+ Water0 INDMU ~ 6.96 4330 235 0.0507 0.0056

Table-§,; Fitting paramaters(Masson’s aquation) of sodium ghelats with wrea MU and DMU in
water at 303.15 K

Molar Compraszibility(d ,) (10° m’ mol ' pa’)

S0 Standard deviation
System
-
bafor after baforz after

SC+water +0.1Musea 230 8.23 3.10 0.0005 0.0169
SC+Water-) IMurz 401 20.58 7.64 0.0335 0.0133

S0+ Water+0 3M 503
S 5.93 33.23 12.66 0.0624 0.0002
SC+Water) INMU 3 23.15 1119 0.0234 0.0115
S0+ Waters) 2M MU £.26 36.40 15.30 0.0607 0.0007
SC+Water IMMU. 795 46.70 20.34 0.0843 0.0121
SC+Watert0 IMDMU 2 3439 16.42 0.0230 0.0109
SC+Wated2MDMU O 47.46 217 0.0837 0.0133
o+ Waeed IMNDMU - 583 50.41 26.17 0.0102 0.0162
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Table-6: Fitting paramstars (Jonas-Dol2 aquation) of sodivm, chelats with urea MU
and DMU inwaterat 303.15K

Spcific Viscosity (1)

Bafor2 CMC After CMC
Syatam

A B Standard B Standard

(Intercept) (Slop=) daviation (Slop=) daviation
SC+ water +0.1Mura 2501 11.75 0.0164 16.87 0.0015
SC- Water=0.2Mur2a g 1401 0.06 0.0005 15.02 0.0122
SC+ Water=0.3Mura g 5452 6.99 0.0333 14.83 0.0006
SC= Water0.IMMU 91121 0.66 0.0220 15.56 0.0014
SC= Water=0.2M MU g 6101 6.50 0.0082 14.53 0.0137
SC+ Water=0.3M MU 0.0832 4.81 0.0327 13.41 0.0007
SC+Water=0.IMDMU ¢ 4634 8.32 0.0201 14.24 0.0002
SC+ Water=0.2MDMU 0347 5.20 0.0117 13.96 0.0165
SC+Water=0.3MDMU 3353 2.83 0.0323 1231 0.0004

Table-7 ; Standard daviation and the fittad aquations for ultrazonic velocity ,zpacific viscosity, molar
volume molar ibility and aquivalant conductance azainst concantration (X) for sodivm
gbo,laie with urea MU and DMU in water at 303.15 K.

Seedind dovsgan (o) Fazal oyustacn
Systom Pusseracton:
Bobom CMK Al CAK Bokon OO Al (K
T (e 1) DR DAL T - 130337100 * X T - 13917310737 °X
- 0.0016 0.0004 0 - D0122+104°X 0 - D.049+13.51*X
SO+ wier +0 IMuns Dy (m ol 1) 0.0136 0.0120 Dy ~-1.30+39.79*X Dy ~-1.12 +17.97%X
Wy (10 m* el ' pat) 00113 0.0166 Oy~ -1.90+32.09*X y - -1.64+13.42°X
ACLO T m ol el 1) 0.1504 0.1613 n = 39.55-1604%X n-26.504502%X
C (') 0.1291 0.2395 C=149321+922.57* X €« 1493.24+1315*X
- 0.0007 0.0013 0 - 0007427 14X 0 - D03IT5+113%X
SO+ Wiseor+0.2M unc Dy (m el ) 0.0331 0.0097 Dy ~-2.10+32.94%K Dy ~-1.54+353%X
Ay (10% m* mwd ' put) 0.0417 0.0127 Oy - -3.01+105.73%K Oy - -2.13+31.34%X
(10 m? ohm el ') 0.2461 0.1533 f-39.33-1354%X - 23.304006%X
C (mnc ') 03133 0.1965 C 1502654390 94X C « 1495071452
e 0.0032 0.0003 0 -0.0275+9£3%K 0 - D0207+1314%X
SC+ Wisorr0.3M uecu Wy (m fawd ) 0.0409 0.0025 My« 292412039 Dy ~205+51.3*X
Ay (10% m* awd ' put) 0.0797 00101 Oy~ 429+166.53%X Ay - 232450374
A L0 m? ol el ) 04204 0.129¢ f-35.41-1583.5%X f=29.50-323.7%X
C (msc') 0.1033 0.2949 C = 1493.70+100829 *X  C « 1497531154
P 0.0020 0.0003 N = 0.0049+10.3* X 0 - D0IE-11464X
SC+ W0 1M MU Dy (m el ) 0.0277 0.0032 By «-2.33+94.39%X Wy ~ -1 6643920
Wy (10 m mwd pat) 0.0319 0.0107 My ~-3.334+119.24%X Ay~ -2.49+45.34*X
ACL0H m ol el 1) 04272 03312 31931633 4%X f=2391-191.34%X
C (muct) 02074 02053 ¢ _ 15020840028 *X € - 1497.30+1274%X
e 0.0010 0.0016 0 = 0.0297+23 %X 0 - DOL56+114%K
SO+ Wator0.2M MU Oy (m el ) 0.0529 0.0102 Wy ~-3.18+142.51°X Dy ~-2.17+56.5*X
Oy (10*m? el ! pat) 0.0753 0.0LLS Dy - 4.51+136.94%X Ay ~-3.03+62.49%X
ACLO T m ol ] ) 0.2021 0.2333 £ 33.74-1595.4%X £-23.5-344.05%X
C fmuct) 03032 02133 ¢ 150614403571 *X € - 1499.08+1453 *X
- B 0.0033 0.0004 0 - 0.0499-2614X 0 - D00I1L113%K
SO+ Wiseor+0.3M MU O (m P el ) 0.0647 0.0090 D= 391-17118°X D - 2717450
Oy (10%m? awd - pat) 0.1034 00140 g | 5 64+234.55%K Ay ~-3.72+31.63%X
A L0 me? ol el 1) 03203 01373 46.16-1475°X f=30.77284.11°X
C fmnct) 333:3 g;g;: €« 1502.42+103023%X € « 1493.02+1 95X
. o . 0 -0.0218+1077*X 0 - DOL0I+115%X
SCr Watorn0IMDMU. - 07 gy 4 ol 1 00233 00039 7. 3.16+130.464X - 2.30+59.90°X
Ay (10% m* and ' put) 3‘:::; g?:;': Oy = 457+177%X Oy ~-3.25+66.97%X
ACL0 7 m? chm el ) - A=3091-1518.3%X f-26.67-344.92%K
C fmnct) 3;3:’: gg;f; €~ 150523+99% M*X €~ 1501 53+1267%X
— M S 0 -0.046+101%X 0 = D0021+117°X
SC* Wi 02IMDMU. % o bl 1 ) o075 °°'§: @, - 4.07+181.71°X D, - 2.76-75.3%X
Ay (10* m* awd ' put) 3‘:13: g?:o; Dy ~-5.70+237.94%X dy - -3.34+39.02°X
A L0 m? chm ] ) - f-3326-1465.3%X f-20.39.393.21%X
C fmnct) Shas S C 1509364985 12*X € « 1500.07+1&20%X
0.0034 0.0004
SO WanttaM Damn 1% o er Dnals 0 - 0.065+1013°X 0 - D0206+115%K
Oy (m el ) S.8499 0.0072 Dy~ 4.63+201.31%X Dy, - -3.13+34%X
Ay (10*m? awd ' pat) e - Ay - £63+27427%K My - 425+91.75%X

AL me chm

el 1)

N 46.57-1476.4*X

n-31.53-32633*X
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3.1 Apparent molar volume studies

Apparent molar volume (¢v) 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 (B -side) and a hydrophilic surface consisting
of hydroxyl and carboxylate groups at the concave side (a-
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

T T T T T
0.08 0.09 0.10 0.11 0.12 0.13

Variation of molar volume () with square root of molar
concentration (x) of sodium gholafeat303.15K. SC+water+0.1M urea,
:m, SCHwater+0.2M urea :e, SC+water+0.3M urea: A.

Figue 1.

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 ¢v. 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).

(¢)m mol”

Figurs2.  Variation of molar volume ( 4.) with square root of molar
concentration (x) of sodium cholate at 303.15 K . SC+water+0.IM MU,

i m, SC+water+0.2M MU :e, SC+water+0.3MMU: A.

184

(o )m mol”"
©
I

Figura 3.

Variation of molar volume ( 4.) with square root of molar

concentration (x) of sodium cholage at 303.15 K. SC+water+0.1IM
DMU.; m , SC+water+0.2M DMU :e, SC+water+0.3M DMU: A.
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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).

A\

—=— Urea
—— MU
12 4 —&— DMU

CMC (mM)

T T T T
0.10 0.15 020 0.25 0.30

Concentration of additives (M)

Figurs16.  Variation of critical micellay concentration (CMC) with molar

concentration of additives at 303.15 K, urea.;. w . MU :e, DMU: A.

The values of ¢vO obtained for aqueous SC with 0.1 -
0.3M of urea, MU and DMU mixtures is found to be
negative. Values of ¢v0 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 ¢v0 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 nsp / 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.

*Author for Correspondence: gopinathphysics@mailamengg.com
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Figurad.  Variation of specific viscosity (1) with square root of molar
concentration (x) of sodivm, sholate at 303.15 K. SC+water+0.1Murea,.

i m, SC+water+0.2M urea :o, SC+water+0.3M urea: A

mrx"”

Figurs5.  Variation of specific viscosity (1) with square root of molar
concentration (x) of sadium,cholate at 303.15 K. SC+water+0.IM M.
i, SCowater-0.2M MU :e, SC+water+0.3MMU: A.

Figura.6.

Variation of specific viscosity () with square root of molar

concentration (x) of sodium..chelage at 303.15 K. SC+water+0.1M
DMU;. m , SC+water+0.2M DMU : e, SC+water+0.3M DMU: A

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 wurea, 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

1520

1518

1516

1508 o

1506 -

1504 o

1502 -

1500 T T r
0.008 0.008 0.010 0012 0014

*Author x

Figure.7.

T
0.016 0.018

neng

Variation of ultrasonic velocity(C) with molar concentration (x) of
Sodium sodinm,..cholate at 303.15 K . SC+water+0.1M mrea.; = »
SC+water+0.2M urea :e, SC+water+0.3M urea: A.

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.

Figura 9. Variation of Ultrasonic Velocity(C) with molar concentration (x) of
Sodium sodivm...cholafe at 303.15 K . SC+water+0.1IM DMU.;. =

SC+water+0.2M DMU :e, SC+water+0.3M DMU: A.
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3.4 Apparent molar compressibility StUATES watersd LT 1o, 5C
The apparent molar compressibility (¢k) obtained for
aqueous sodium cholate with 0.1 - 0.3M of urea, MU and
DMU in the concentration range of 7-17mM studied are

C(ms")

Figura.8.
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Variation of Ultrasonic Velocity(C) with molar concentration (x) of

olate at 303.15 K . SCwater+0.1M MU

found to be negative as shown in Figs. 10-12. This
observation indicates that there is an increased amount of

pa

(¢ )10 m mol

wed awater around SC cations due to hydration and
the anions due to hydrophobic interaction. The variation of
apparent molar compressibility (¢k) with SC concentration
also exhibits a break at CMC.
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Figura.11. Variation of molar compressibility(#.) with square root

of molar concentration (x) of sodium
SC+water+0.IM MU.;, = ,

MU: A.

30
3z
T T T 34
0.11 0.12 0.13
cholage at 303.15 K . Figure.10. Variation of molar compressibility(#.) with square root of molar

SC+water+0.2M MU :e, SC+water+0.3M

concentration (x) of sodium gholafeat303.15 K. SC+water+0.1M prea..

; m, SC+water+0.2M urea :eo, SC+water+0.3Murea: A.
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Figura.12.

Variation of meolar compressibility(#.) with square root of molar
concentration (x) of sodium chelage at 303.15 K . SC+water+0.1IM
DMU,;. m , SC+water+0.2M DMU :e, SC+water+0.3M DMU: A.
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The adiabatic compressibility (Bs) and apparent molar
compressibility (¢k) 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

A (107 ohm 'm'mole™)
N
>
L

22 4

20 4
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0.008 0.008 0.010 0012 0014 0.018 0018

X

Variation of equivalent conductance (A) with molar concentration of

sodivm,....cholage at 303.15 K . SC+water+0.IM pres.; = .
SC+water+0.2M urea :e, SC+water+0.3M urea: A.

Figura.13.
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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.

A (10" olm ' m'mole")

T T T T T T
0008 0008 0010 0.012 0.014 0.016 0.018

X

Figura.14.  Variation of equivalent conductance () with molar concentration of

sodium,....cholafe at 30315 K . SCewater<0.IM MU, = ,
SC+water+0.2M MU : e, SC+water+0.3MMU: A,
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A (107 ohm 'm'mole™)
8
1

Figura.13.

Variation of equivalent conductance (A) with molar concentration of

sodivm,....cholage at 303.15 K .

SC+water+0.IM DMU,.; = .

SC+water+).2M DMU : e, SC+water+0.3M DMU: A.

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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