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Abstract: The present paper reflects the ultrasonic investigations for exploring the inter-ionic interactions of various
concentrations of a-amino acids such as L-Arginine, L-lysine monohydrochloride, and L -histidine in aqueous solutions of
urea over a wide ranges of temperatures (298.15 to 323.15) K under atmospheric pressure. It also represent the detail
showing that molecular interactions between the a-amino acids and urea has much dissociation of proteins in the solvent

mixture. The study of ultrasonic speed (U) and sound velocity (Au) were successfully preformed on the liquid ternary

mixtures. With the help of the above mentioned parameter, the values of isentropic compressibility(Kl), change in

isentropic compressibility (AKS), relative change in isentropic compressibility (AK,), relative association (RA), specific

acoustic impedance (Z), and apparent molal isentropic compressibility (%) were calculated. These parameters have

been examined in term of the molecular associations such as ion-ion, ion-solvent, solute-solvent, solute-solute etc., and
briefly described in terms of the structure-making ability corresponding to a-amino acids in the urea. Efforts have been
taken to explore the dependency of the outcomes related to temperature and concentration.

Keywords: Amino acids, urea, Zwitterions-ions interactions, ion-solvent, solute-solvent.

INTRODUCTION

A variety of biochemical process takes place in the
aqueous medium. The physicochemical properties of
biomolecules such as amino acids, sugars and drugs
give valuable information aiding to understand the
mechanism of molecular interaction between them. To
gather the understanding of solute —solvent and solute
—solute interactions in solutions, the study of
thermodynamic parameters is a necessary factor [1,2].
Heat and chemical denaturants such as urea, sodium
dodecyl sulphate (SDS) and guanidium hydrochloride
(Gdn HCI) were used to break the bond for stability of
the protein structure in the form of secondary, tertiary
and quaternary one.

Protein molecules are of the nature of complex
structure and their action in solution behaves as a
significant role by a combination of many particular
interactions. The a-amino acids are considerable to
another chemical group since they are obtained by
natural process of proteins, and their role is significant
in all the chemical and biological process in living cells
[3]. Some of the structures of a- amino acids are
shown in Figure 1. It displays both type of properties
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such as acidic and basic in nature but in the form of
neutral condition it behaves as zwitter ions. It exhibits
high dielectric constant and large dipole moments
suggesting both types of charge such as positive and
negative in the same molecule as shown in Scheme 1.
Malik et al. [4] have reported that the presence of a
urea significantly affects the behavior of a-amino acids
in aqueous solution.
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Figure 1: (a) L-arginine (b) L-lysine monohydrochloride (c) L-
histidine.

Urea is an essential compound found in every
creature on the earth. Urea is a denatured protein and
its structure is shown in Figure 2. It is responsible for
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Scheme 1:

constructing protein-water interface forming hydrogen
bond between water and amide groups. Urea
molecules are rather difficult to react with a group or
molecules like hydrophobic or hydrophilic. The
denaturation processes occur by the contribution of
urea due to change in the solubility of amide back bond
[5]. Urea and its derivatives are described to perform
as a statistical structural breaker. Brien et al. [6]
observed that the guanidine hydrochloride and urea
molecules react together to form a structural breaker
for liquid water.
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Figure 2: Structure of urea.
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According to literature survey on the topic of
thermodynamic properties of amino acids in aqueous
solution various studies were suggested long-ago [7,8]
but yet only little information is provided for aqueous
urea solution [5,9]. As per the literature survey, it has
been found that study on ultrasonic velocity parameters
are still in few amount [10,11]. The study of ultrasonic
velocity is an important tool useful in various numbers
of physicochemical parameters such as isentropic

compressibilty ~ (K,), change in  isentropic
compressibility (AK,), relative change in isentropic
(RA),
specific acoustic impedance (Z), and apparent molal

compressibility (AK,), relative association

isentropic compressibility (¢, ). Scientific researchers
were interested for the study of solubility and stability of
complex molecules like proteins but due to its nature
and low molecular weight compound were chosen. As
there is a demand of ultrasonic waves increasing day
by day for medical applications, the requirement for
investigation of ultrasonic character leading to
biological media is put into continuous practice.

The value of ultrasonic velocity provides a better
concept about the nature and relative strength of
different types of intermolecular / interionic interactions,
but the thermodynamic parameters provide an
essential understanding about the scope of

intermolecular interactions like, weak or strong or no
interaction at all and it also focuses on the mechanism
of intermolecular processes.

In the current paper, we have discussed about the
ultrasonic studies of a-amino acids such as L-lysine
monohydrochloride, L-Alginine and L-Histidine in
aqueous solution of urea at different concentration and
temperature.

MATERIAL AND METHODS

L-lysine monohydrochloride, L-Alginine and L-
Histidine (= 99%) of high purity were taken from Sisco
Research Laboratories, India. Urea (= 99%) was
obtained from Qualigans fine chemicals (a division of
Glaxo Smith Kline Pharmaceuticals Limited, Mumbai).
All the solvents and chemicals were generally of
analytical grade and the chemicals were used without
any further purification. The specific conductivity of
triply distilled water used for making the stock solutions
of L-lysine monohydrochloride, L-Alginine and L-
Histidine were less than 1.29 x 10° @' cm™. The
weighting of samples were done on an electronic
balance (model: GR-202R, AND Japan) with a
precision of = 0.01 mg. All the solutions were stored in
particular airtight bottles for avoiding the exposure of
solutions to air and desertion.

Densities of the mixed solvent and L-lysine
monohydrochloride,  L-Alginine  and  L-Histidine
solutions were measured using a single-capillary
pycnometer which was made of Borosilicate glass with
a bulb capacity of approximately 9 cm®. The capillary
with graduated marks calibrated by using triply distilled
water at various temperatures had a bore entangled
through glass cap.

The thermostated paraffin bath (JULABO, model-
MD Germany) were used for measuring densities
maintained at a required temperature (= 0.02K) for 30
min to record the readings. The average of different
reading of density was taken out at each temperature.
The uncertainty rate for ultrasonic velocity was limited
to be as 0.03%.
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RESULT AND DISCUSSION

Table 1 shows the list of the ultrasonic velocities of
aqueous urea solution with different amino acids at
different temperatures for each of the composition
where the value of ultrasonic velocity increases with
rise in temperature and molal concentration of amino
acids due to the overall rise of cohesive force carried
by the interactions like solute-solute, solute-solvent and
solvent-solvent in solutions. Various other authors have
also reported about the similar patterns of variation
about ultrasonic velocity [12,13].

Deviation in sound velocity can be obtained by the
following expression

Au=u-u, (1)

where u is the sound velocity of a-amino acid
+aqueous urea and u, the sound velocity of aqueous
urea (solvent)

Table 2 shows an increase in deviation in sound
velocity (Au) values with decrease in temperature and

increase in concentration due to formation of hydrogen
bond between urea and water. A part of ultrasonic
wave passing through the medium is used for
deteriorating or infringement of O—H---O bonds.
Hence, a condition may arise at the compression cycle
of the particular wave that hydrogen atom tends to
come closer leading to the partially irretrievable
weakening or breaking of hydrogen bonds which is
caused by integration of energy. The increase in the
absorption of the solution shows association of
intermolecular interaction within itself [14].

Isentropic compressibility of solution is the dynamic
process possessing the physical parameter showing
the intermolecular interactions. The isentropic
compressibility K is calculated using the value of

sound velocity, u, and the density ‘p’ by applying
Laplace equation as given below:

K, =1/u’p (2)

Table 3 shows that isentropic compressibility (Ks)
value decreases with an increase in temperature as

Table 1: Ultrasonic Velocities (u lms'1) as Functions of Concentration and Temperature

m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15
(a) L-Histidine in 0.5 M aqueous Urea solution
0.000 1510.10 1521.28 1531.13 1539.19 1546.04 1551.59
0.048 1514.78 1525.88 1535.57 1543.55 1550.36 1555.76
0.099 1518.07 1529.13 1538.54 1546.51 1553.09 1558.34
0.149 1522.63 1533.00 1541.25 1550.07 1556.48 1561.68
0.203 1526.36 1536.92 1546.11 1553.71 1560.03 1565.16
0.255 1530.76 1541.90 1550.73 1558.18 1564.29 1569.12
(b) L -Arginine in 0.5 M aqueous Urea solution
0.000 1510.10 1521.28 1531.13 1539.19 1546.04 1551.59
0.049 1515.76 1526.84 1536.58 1544.53 1551.28 1556.67
0.100 1519.55 1530.71 1540.04 1547.94 1554.47 1559.70
0.151 1524.90 1535.74 1544.79 1552.48 1558.83 1563.93
0.204 1528.78 1539.72 1549.36 1556.89 1563.06 1567.94
0.256 1533.72 1544.50 1553.97 1561.25 1567.26 1572.04
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution
0.000 1510.10 1521.28 1531.13 1539.19 1546.04 1551.59
0.049 1515.99 1527.07 1536.82 1544.76 1551.54 1557.02
0.100 1520.00 1531.04 1540.75 1548.70 1555.03 1560.36
0.151 1525.35 1536.51 1545.67 1552.99 1559.16 1564.31
0.204 1529.23 1540.29 1549.98 1557.64 1563.88 1568.02
0.256 1534.00 1544.38 1554.07 1561.95 1567.97 1572.94
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Table 2: Deviation in Sound Velocity (Au lms'1) as Functions of Concentration and Temperature

m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15

(a) L -Histidine in 0.5 M aqueous Urea solution

0.048 4.68 4.60 444 4.36 4.32 417

0.099 7.95 7.85 7.51 7.32 7.05 6.75

0.149 12.53 11.72 10.92 10.88 10.44 10.09

0.203 16.26 15.64 15.08 14.52 13.99 13.51

0.255 20.66 20.62 19.70 18.99 18.25 17.53
(b) L -Arginine in 0.5 M aqueous Urea solution

0.049 5.66 5.56 5.45 5.34 5.24 5.08

0.100 9.45 9.43 8.91 8.75 8.43 8.11

0.151 14.80 14.46 13.66 13.29 12.79 12.34

0.204 18.68 18.44 18.23 17.70 17.02 16.35

0.256 23.62 23.22 22.84 22.06 21.22 20.45
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution

0.049 5.89 5.79 5.69 5.57 5.50 5.43

0.100 9.90 9.76 9.62 9.51 8.99 8.77

0.151 15.25 15.23 14.54 13.80 13.12 12.72

0.204 19.13 19.01 18.85 18.45 17.84 16.43

0.256 23.90 23.10 22.94 22.76 21.93 21.35

there is a rise in thermal breakdown of the solvent
constituents resulting in more attractive forces within
the molecules. Later on with an increase in concentra-
tion, the value of isentropic compressibility decreases
attributed with a rise in the solute-solvent interactions
resulting in the change of ultrasonic velocity. If the
attractive force is more between the molecules of
liquid, the compressibility is small. In relation to it, the
isentropic compressibility values refer to the mounting
electrostrictive compression of solvent surrounding the
solute molecules resulting in enormous decrease in the
value of compressibility of the solutions [15].

The study of change in isentropic compressibility
(AK,) helps in influencing the concept of solute-

solvent interaction on molecular configuration [16]. The
change in isentropic compressibility value can be
attained by the equation given below:

AK, =K' -K, (3)

Table 4 shows the increase in value of AK, with

concentration and also displays irregular pattern in
case of temperature. The number of incompressible
solute molecules rises with an increase in
concentration of the solution resulting in a decrease in
value of compressibility [17].

Relative change in isentropic compressibility can be
estimated by the equation given below:

AK, = AK /K" (4)

Table 5 depicts the deviation of relative change in
isentropic compressibility (AK,) corresponding to
concentration and temperature. It shows that the value
of AK, increases with an increase in concentrations as

it exhibit a rise in the existence of incompressibility and
the solvation of the molecules. But it does not show
any such pattern in case of temperature.

The equation below shows that the product of
density and ultrasonic velocity gives specific acoustic
impedance:

Z=uxp (5)

The measure Z is an important parameter that
depicts the medium and cohesive force between the
molecules of the liquids than u and p independently,
on the grounds that Z is the property of a medium
alone. This feature follows by the inertial and elastic
properties of the medium. Table 6 shows the increase
in value of specific acoustic impedance, Z,
corresponding to the concentration and temperature.
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Table 3: Isentropic Compressibility, (st10'7/m2N'1) as Functions of Concentration and Temperature

m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15
(a) L -Histidine in 0.5 M aqueous Urea solution
0.000 4.36 4.30 4.26 4.22 4.19 417
0.048 4.32 4.27 4.22 4.19 4.16 414
0.099 4.29 4.24 4.19 4.16 413 4.11
0.149 4.26 4.21 417 413 4.11 4.09
0.203 4.23 418 414 4.10 4.08 4.06
0.255 4.19 414 4.10 4.07 4.05 4.03
(b) L -Arginine in 0.5 M aqueous Urea solution
0.000 4.36 4.30 4.26 4.22 4.19 417
0.049 4.32 4.26 4.22 418 4.15 413
0.100 4.28 4.23 4.19 4.15 413 4.11
0.151 4.25 4.19 4.15 4.10 4.09 4.08
0.204 4.21 4.16 4.11 4.08 4.06 4.05
0.256 418 413 4.08 4.05 4.03 4.01
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution
0.000 4.36 4.30 4.26 4.22 4.19 417
0.049 4.31 4.26 4.21 4.18 4.15 413
0.100 4.28 4.23 4.18 4.15 412 4.10
0.151 4.24 4.19 414 4.11 4.09 4.07
0.204 4.21 4.16 4.11 4.08 4.06 4.04
0.256 417 412 4.08 4.05 4.02 4.01

Table 4: Change in Isentropic Compressibility, (AKSx10'le2N'1) as Functions of Concentration and Temperature

m/ Temperature/K

mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15

(a) L -Histidine in 0.5 M aqueous Urea solution

0.048 4.50 3.40 4.70 3.26 3.53 3.79
0.099 7.30 6.60 7.90 6.02 6.38 6.04
0.149 10.60 9.90 9.30 9.50 8.21 8.10
0.203 13.80 12.60 12.01 12.60 11.51 11.62
0.255 17.60 16.10 16.82 15.72 14.32 14.01
(b) L -Arginine in 0.5 M aqueous Urea solution
0.049 4.01 4.53 4.01 4.50 4.71 4.80
0.100 8.90 7.74 7.60 7.53 6.34 6.74
0.151 11.70 11.21 11.99 12.59 10.16 9.74
0.204 15.71 14.00 15.50 14.70 13.80 12.30
0.256 18.40 17.50 18.50 17.60 16.70 16.30
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution
0.049 5.15 4.10 5.25 4.71 4.09 4.10
0.100 8.03 7.27 8.00 7.94 7.10 7.50
0.151 12.85 11.63 12.41 11.20 10.99 10.40
0.204 15.50 14.70 15.50 14.78 13.84 13.20

0.256 19.70 18.10 18.50 17.40 17.20 16.88
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Table 5: Relative Change in Isentropic Compressibility, (Aer10'3/m2N'1) as Functions of Concentration and

Temperature
m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15

(a) L -Histidine in 0.5 M aqueous Urea solution

0.048 8.30 8.60 8.90 8.10 8.40 8.18

0.099 16.00 16.60 16.30 16.30 16.70 16.21

0.149 24.10 24.60 24.30 27.30 22.90 22.12

0.203 32.30 32.20 32.00 35.80 35.00 35.31

0.255 44.90 44.40 44.00 42.50 42.90 42.01
(b) L -Arginine in 0.5 M aqueous Urea solution

0.049 9.17 9.30 9.38 9.47 9.54 9.59

0.100 18.30 16.27 16.43 16.58 14.32 14.38

0.151 25.22 25.58 25.82 28.43 23.86 21.58

0.204 34.40 34.82 34.90 37.70 37.10 36.90

0.256 45.90 45.40 45.10 48.56 48.50 46.32
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution

0.049 11.46 9.30 11.70 9.47 9.54 9.59

0.100 18.34 16.27 18.77 16.58 16.70 16.78

0.151 27.50 25.50 28.11 26.00 23.80 23.98

0.204 34.40 32.50 35.20 33.00 31.00 31.10

0.256 43.50 41.80 42.20 40.28 40.57 38.36

Table 6: Specific Acoustic Impedance, (Zx103/Kg.m'zs'1) as Functions of Concentration and Temperature
m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15

(a) L -Histidine in 0.5 M aqueous Urea solution

0.000 1517.80 1525.84 1533.12 1537.65 1541.40 1543.83

0.048 1525.96 1533.93 1541.06 1545.52 1549.24 1551.52

0.099 1532.89 1540.82 1547.69 1552.15 1555.65 1557.79

0.149 1540.88 1548.16 1553.87 1559.20 1562.53 1564.63

0.203 1548.33 1555.82 1562.46 1566.57 1569.82 1571.79

0.255 1556.23 1564.32 1570.61 1574.57 1577.61 1579.35
(b) L -Arginine in 0.5 M aqueous Urea solution

0.000 1517.80 1525.84 1533.12 1537.65 1541.40 1543.83

0.049 1526.67 1534.59 1542.11 1546.53 1550.19 1552.46

0.100 1534.45 1542.49 1549.12 1553.68 1557.11 1559.23

0.151 1543.21 1550.94 1557.45 1561.64 1564.90 1566.90

0.204 1550.65 1558.52 1565.62 1569.65 1572.75 1574.52

0.256 1559.02 1566.74 1573.70 1577.48 1580.42 1582.16
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution

0.000 1517.80 1525.84 1533.12 1537.65 1541.40 1543.83

0.048 1525.96 1533.93 1541.06 1545.52 1549.24 1551.52

0.099 1532.89 1540.82 1547.69 1552.15 1555.65 1557.79

0.149 1540.88 1548.16 1553.87 1559.20 1562.53 1564.63

0.203 1548.33 1555.82 1562.46 1566.57 1569.82 1571.79

0.256 1562.04 1569.96 1576.74 1581.47 1584.56 1586.19
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Table 7: Change in Specific Acoustic Impedance, (AZx103/Kg.m'zs'1) as Functions of Concentration and Temperature

m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15

(a) L -Histidine in 0.5 M aqueous Urea solution

0.048 8.16 8.09 7.94 7.89 7.84 7.69

0.099 15.07 14.98 14.57 14.50 14.25 13.96

0.149 23.08 22.32 20.75 21.55 21.13 20.80

0.203 30.53 29.98 29.34 28.92 28.42 27.96

0.255 38.43 38.48 37.49 36.92 36.21 35.52
(b) L -Arginine in 0.5 M aqueous Urea solution

0.049 8.87 8.75 8.99 8.88 8.79 8.63

0.100 16.65 16.65 16.00 16.03 15.71 15.40

0.151 25.41 25.10 24.33 23.99 23.50 23.07

0.204 32.85 32.68 32.50 32.00 31.35 30.69

0.256 41.22 40.98 40.58 39.83 39.02 38.27
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution

0.049 9.86 9.78 9.69 9.58 9.52 9.54

0.100 17.91 17.81 17.70 17.61 17.11 16.90

0.151 27.24 27.27 26.63 25.91 25.26 24.87

0.204 35.16 35.12 34.99 34.67 34.09 32.70

0.256 43.79 43.08 43.01 42.90 42.09 41.53

This trend is mainly based on lyophobic interaction
between solute and solvent molecules, increasing the
intermolecular distance and it acts as reliable source
for the propagation of ultrasonic waves [18]. From the
above context, it is observed that the structural
arrangement is hindered due to the interaction between
solute and solvent molecules. The hydrophilic nature is
found as there is strong association among water and
molecules of amino acid. Specific acoustic impedance
shows interaction of solute-solute and solute-solvent
type of molecules [19]. It is related to the equation
where Z is directly proportional to ultrasonic velocity. It
is observed that value of specific acoustic impedance
for all amino acids is positive in nature and their trend
in solute-solute and solute-solvent-solute interaction is
in order of L-Lysine monohydrochloride> L-Arginine >
L-Histidine.

The change in specific acoustic impedance can be
estimated by the equation given below:

AZ = pu - pyu, (6)

Table 7 shows the value of change in specific
acoustic impedance (Az) which follows the similar
trend as that of value of Z. It reveals about the

considerable interaction between solute and solvent
molecules leading to the structural arrangement to be
hindered. The above study makes it clear that a strong
association between water amino acid molecules is
formed indicating the hydrophilic nature.

The values of relative association (RA) parameter
can be calculated by using the equation given below:

RA = p/p, (uy/u)" (7

where RA is the property used to understand the
interactions.

RA is guided by two factors such as (i) The
contravention of solvent structure on adding solute to it;
and (ii) the solvation of solutes present simultaneously.
The first factor leads to the decrease in the value of
RA whereas second factor leads to increase in the
value of RA . Table 8 shows increase in the value of
RA with concentration suggesting that solvation of
solutes dominates on the breakdown of solvent
structure [20] but with an increase in temperature of the
solvent it forms break up resulting to the decrease in
the value of RA .
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Table 8: Relative Association (RA) as Functions of Concentration and Temperature

m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15

(a) L -Histidine in 0.5 M aqueous Urea solution

0.048 1.00125 1.00128 1.00130 1.00135 1.00137 1.00141

0.099 1.00281 1.00286 1.00297 1.00301 1.00300 1.00317

0.149 1.00399 1.00430 1.00468 1.00454 1.00466 1.00476

0.203 1.00565 1.00583 1.00601 1.00615 1.00630 1.00643

0.255 1.00687 1.00693 1.00720 1.00738 1.00758 1.00777
(b) L -Arginine in 0.5 M aqueous Urea solution

0.049 1.00098 1.00102 1.00111 1.00114 1.00117 1.00122

0.100 1.00250 1.00254 1.00265 1.00280 1.00279 1.00297

0.151 1.00358 1.00354 1.00391 1.00402 1.00415 1.00427

0.204 1.00492 1.00500 1.00521 1.00537 1.00555 1.00572

0.256 1.00606 1.00629 1.00640 1.00662 1.00684 1.00700
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution

0.049 1.00128 1.00132 1.00135 1.00133 1.00142 1.00144

0.100 1.00302 1.00308 1.00306 1.00314 1.00327 1.00333

0.151 1.00434 1.00444 1.00462 1.00481 1.00498 1.00510

0.204 1.00613 1.00621 1.00627 1.00640 1.00657 1.00691

0.256 1.00753 1.00777 1.00787 1.00796 1.00819 1.00836

Table 9: Apparent Molal Isentropic Compressibility (dks x 10° / bar’ m® mol'1) as Functions of Concentration and

Temperature
m/ Temperature/K
mol.kg™ 298.15 303.15 308.15 313.15 318.15 323.15
(a) L -Histidine in 0.5 M aqueous Urea solution
0.049 -16.20 -12.81 -16.02 -12.71 -12.62 -12.61
0.099 -14.20 -12.62 -14.11 -12.40 -12.30 -12.31
0.149 -13.73 -12.50 -12.42 -12.32 -11.21 -11.20
0.203 -13.20 -12.30 -12.20 -11.13 -11.33 -11.32
0.255 -13.61 -12.90 -12.81 -12.10 -11.43 -11.42
(b) L -Arginine in 0.5 M aqueous Urea solution
0.049 -18.70 -18.60 -18.53 -18.41 -18.31 -18.21
0.100 -18.52 -16.51 -16.42 -16.31 -14.40 -14.42
0.151 -17.10 -17.01 -16.90 -18.02 -15.51 -14.21
0.204 -17.01 -16.21 -16.83 -16.01 -15.02 -14.10
0.256 -16.61 -15.81 -16.41 -15.62 -14.83 -14.71
(c) L -Lysine monohydrochloride in 0.5 M aqueous Urea solution
0.049 -23.21 -19.03 -22.81 -18.91 -18.81 -18.71
0.100 -19.05 -17.01 -18.72 -16.81 -16.73 -16.61
0.151 -18.91 -17.52 -18.60 -17.31 -16.04 -15.92
0.204 -17.81 -16.71 -17.51 -16.51 -15.51 -15.41
0.256 -17.92 -17.02 -16.91 -16.13 -16.03 -15.20
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The value of apparent molal isentropic
compressibility (gbkx), can be calculated by using the

following equation given below:

) 1000(Ksp’ - Ks°p) , KoM
mp’p o

(8)

ks

Table 9 shows the value of apparent molal
isentropic ~ compressibility (¢, ), at different
temperatures and concentrations revealing that value

increases by adding amino acids into the aqueous urea
solution.

Observed values are negative at different
concentration and temperatures respectively, due to
the formation of electrostriction and hydrophilic
interactions primary to solute-solvent interactions as
well as trouncing of structural compressibility of solvent
molecules. Quantitative increase of four bonded water
molecules has structural disruption effective in water
[21]. The assumption states that the functional groups
of COO" of amino acids react with the nearby water
molecule through the hydrophilic interactions. The
water tends to lose its own compressibility at certain
point and degree of organization of water molecules
rises in the surrounding area of amino acid. Hence, it
becomes less compressible.

CONCLUSION

Ultrasonic and sound velocities of a-amino acids in
aqueous urea solutions were measured at
temperatures (283.15 to 323.15) K, and the isentropic

compressibilty ~ (K,), change in  isentropic
compressibility (AK,), relative change in isentropic
(RA),
specific acoustic impedance (Z), and apparent molal

compressibility (AK,), relative association

isentropic compressibility (¢,) were obtained. The

values of ultrasonic velocity increase with an increase
in concentration of solute and its temperature. The
values of isentropic compressibility reduce with a rise in
temperature because of the thermal rupturing of the
water clusters. The specific acoustic impedance values
increase with an increase in concentrations and
temperature. The deviation of relative change in
isentropic compressibility values increases with an
increase in concentration. Therefore, the above
properties are helpful to clarify the concept of structural
change and strong solute-solvent interaction.
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