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Different Physical properties of Few Amino
Acids for a Range of Different
Temperatures in Aqueous Sodium Acetate
Solution.

Richard D’ Souza, G. Meenakshi

Abstract--The physical properties of two basic amino acids namely L-arginine and L-lysine have been studied. The main focus of
the work is to study the ultrasonic velocity of those amino acids and also the viscosity and density in aqueous sodium acetate
solution at 300K, 305K, 310K, 315K and 320K. With the use of these experimental values, different parameters like adiabatic
compressibility, apparent molal volume, apparent molal compressibility, limiting apparent molal volume, limiting apparent molal
compressibility, and their constants, transfer volume, transfer adiabatic compressibility, and viscosity B-coefficient of Jones-Dole
equation have been calculated. All these different parameters are thoroughly investigated to look for any possible molecular
interaction.
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1 INTRODUCTION PG Studies, Pondicherry, India
FOI’ last two decades, scientists are extremely
interested to understand the structures of
protein by the means of volumetric and ultrasonic
measurements which is important for not Only to Proteins are formed by amino acids with an amino
the chemical physicist or pure chemist but also to (-NH2) group and a carboxylic (-COOH) functional
the applied biologist. But direct study of the group. The construction is quite difficult as -NH2
structures of protein is tough due to the intricate is a base and ~-COOH is an acidic group [5]. Amino
molecular composition. Therefore, it is better to acids are mainly two type, amino acid with non-
take the simple molecules for example amino acids polar substituent or hydrophobic (water hating)
Wthh are usuauy regarded as the basic units Of and polar substituent or hydl'Ophth (water Ioving)
protein [1], [2]. Researchers are interested to study [6]. It is therefore of great interest to investigate the
the volumetric as well as the thermodynamics physio-chemical charac.teristics of Fhe hon-
properties of aqueous amino acids [3],[4] ele.ctrolyte such as sodium acetate with amino
acids so that the character of molecular relations
among the organic solute with solvent can be
studied [7], [8].
u Richqrd D’Souzq isa Re.searc‘h Scho'lar, Department of In this paper the physical properties of

Physics, Bharathiyar University, Coimbatore, Tamil . . . ..

Nadu, India. twg basic amino acids na.mely. L-arginine .and L-
lysine have been studied in three different
temperatures as 300K, 305K, 310K, 315K and 320K

IJSER © 2019

http://www.ijser.org


http://www.ijser.org/

1165

International Journal of Scientific & Engineering Research, Volume 9, Issue 12, January-2019

ISSN 2229-5518

focusing mainly on the ultrasonic velocity of these
amino acids.

2 MATERIALS AND METHODS

The spectroscopic regents and analytical grade L-
lysine and L-arginine reagent procured from E-
Merck, Germany and Sd Fine chemicals, India with
a least assay of 99.9 has been used for the paper.
The liquid was first distilled and then degassed to
make the solvent. The required amount of sodium
acetate and water were taken at a concentration
range of 0.2 - 0.4 mol/dm3 following which the
amino acids, L-lysine and L-arginine, were
dissolved in the solutions. The reagents for the
experiments were measured using a digital
electronic balance having a precision of + 1x10-4g
(Shimadzu Ax - 200).

A specific gravity bottle has been used to
determine the concentration using the relative
measurement method with an accuracy of * 0.01
kg m-3. The viscosity has been calculated with the
help of an Ostwald’s viscometer (10ml). The
ultrasonic velocity was determined with the help
of an ultrasonic interferometer of 3 MHz frequency
and with 0.1% precision. A constant digital
electronic temperature bath with an accuracy * 0.1
K has been used for experiment.

2.1 THEORY AND CALCULATIONS
Adiabatic compressibility,

1
ﬂ—%

Where, U= ultrasonic velocity, p=density.

The apparent molal compressibility is given by the

formula,

L1000 5 o AM,
" m?pw PR+

Where the symbols B, ¢v, ¢k, ¢°v, $°k, m and
Mw corresponds to the value of adiabatic
compressibility, apparent molal volume, apparent
molal compressibility, limiting apparent molal
volume, limiting apparent molal compressibility,
the molal concentration and the molecular weight
of the solute respectively. ¢k is the function of M
as obtained by “Gucker [1933] [9]” from Debye
“Huckel theory [10]” as,
1

Where, the limiting apparent molal compressibility
is denoted by @ok and a constant is denoted by Sk.
The apparent molal volume cpv is given by,

100?/66 )

From Masson’s empirical relation it can be taken as

[11],

Where, the limiting apparent molal volume is
denoted as @ov and a constant is denoted as Sv.
The entire viscosity data can be analyzed using
Jones-Dole semi empirical equation [12],

1
T -1+ Am+Bn
Th

Where A and B are the coefficients of viscosity, 1
and no is the viscosity of the solution the solvent
respectively.

The above mentioned quantities have been
obtained and the results are produced in the
following tables for five different temperatures
300K, 305K, 310K, 315K and 320K.

3 RESULT AND DISCUSSION
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The values of density, viscosity and ultrasonic
velocity for L-arginine and L-lysine have been
listed in Table 1 and Table 2 respectively for three
different temperatures. The values of adiabatic
compressibility (), apparent molal volume (¢ v),
apparent molal compressibility (¢ k), limiting
apparent molal volume (¢ °v), limiting apparent
molal compressibility (¢ °k), and their constants
(Sk, Sv), are given in Table 3 to 6.

TABLE 1: Density (p), viscosity (77) and ultrasonic
velocity (U) for L-arginine with the temperature
varying 300K, 305K, 310K, 315K and 320K for all

the three columns.
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It has been observed (Table 1) that the density
increased with the increased molality of L-arginine
amino acid for all the five temperatures (300K,

305K, 310K, 315K and 320K). A similar observation
was also observed for the viscosity as well as the
ultrasonic speed of the L-arginine amino acid in
which both the parameters were found to increase
with the increased molal concentration of L-
arginine for all the five temperatures (300K, 305K,
310K, 315K and 320K). The increase in the density
and the viscosity of the amino acid for a certain
concentration were observed to decline with the
increased temperature. However, the ultrasonic
velocity was found to increase with the increased
temperature.

TABLE 2: Density (p), viscosity (77) and ultrasonic
velocity (U) for L- lysine with the temperature
varying 300K, 305K, 310K, 315K and 320K for all
the three columns.

iy Dy e Vi I [3vmd Uty ) 1)
|

Teerfef) Tenpetetme) TenpetemeF)
foalke

0085 |60 (0D I [H00 | L0 (OS5 |07 |0 |0 |1 |3 |10 | 65 |0

0| |0 (003 (I0 N5 (LN (OS5 |07 |06 |00 | L0 (IMOD |9 | A3 (L0

0B R0 |0A90 (10090 |INGS | 480 | L0 (OS5 |O7SR0 076 | DalAl | L9 (M08 |25 | 360 |76
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Table 2 shows the change in the density, viscosity
and the ultrasonic velocity of the solution with the
altered molality of L-lysine amino acid. It can be
seen that the density increased with the increased
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molality of the amino acid for all the five
temperatures 300K, 305K, 310K, 315K and 320K). A
similar observation was also observed where the
viscosity and the ultrasonic speed were found to
increase with the increased molal concentration of
the L-arginine amino acid for all the five
temperatures (300K, 305K, 310K, 315K and 320K).
The density and the viscosity of the L-lysine amino
acid for a certain concentration have been seen to
decrease with the increased temperature. In
contrast the ultrasonic velocity was found to
increase with the increased temperature.

The increased density with the increased
concentration may be due to the enhanced solvent-
solvent and solvent-solute dealings which may
also influence the viscosity of the solution. This
increased density and viscosity may act to keep up
the integration of the solution due to the increased
amount of solute which may result in shrinkage in
the volume of the solution. With the raise in the
concentration of solute (in this case amino acids)
may lead to the formation of increased hydrogen
bonding among the solute-solvent which may
affect the overall characteristic of the solution.
Thus the formation of the hydrogen bond can be
linked with the variation in the density and
viscosity of the solution. The density and the
viscosity of the amino acids have been found to be
the functions of temperature and both the factors
were found to be decreased with the increased
temperature. The molecular relations and bonding
among the solute-solute and solute-solvent tends
to get feeble with the raise in the temperature of
the system that ultimately leads to increased
molecular activities.

The increase in the ultrasonic velocity of the
solution may be due to the boost in the consistency
due to the ionic hydration. As a consequence of the
dissolving of the amino acid in the solution, the
cohesion of the solution increases due to the
attraction of water molecules by the strong
electrostatic forces which tends to increase with the
boost in concentration of the amino acid. This
increased association may also be explained as a
consequence of water enhancement because of
bigger electrostriction due to the occurrence of
sodium acetate. The zwitterionic of the amino acid
causes the electrostriction that escorts to the

decline in the volume of the solvent. The ultrasonic
velocity of the amino acids was seen to be
temperature dependant where the ultrasonic
velocity was found to amplify with the boost in the
temperature. Similar type of previous findings
were also reported by Thirumana et al., and D’
Souza et al., who reported that with the amplified
concentration of the amino acid in the solution, the
density, viscosity and the ultrasonic velocity of the
solution increased [13], [14].

TABLE 3: Values of adiabatic compressibility (),
apparent molal compressibility (¢pk) and apparent
molal volume (¢v) of L-arginine with the
temperature varying 300K, 305K, 310K, 315K and
320K.
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Table 3 describes the changes in the adiabatic
compressibility, molal compressibility and the
apparent molal volume with the raise in the molal
concentration of the L-arginine amino acid. The
adiabatic compressibility for the L-arginine amino
acid was seen to be decreased with the amplified
concentration of the L-arginine amino acid for all
the five temperatures (300K, 305K, 310K, 315K and
320K). The molal compressibility of the L-arginine
amino acid was observed to be negative. The molal
compressibility of the L-arginine amino acid has
been seen to increase with the increased molal
concentration of the L-lysine amino acid for all the
five temperatures (300K, 305K, 310K, 315K and
320K). The apparent molal volume has been also
observed to be negative for L-arginine amino acid
which tends to reduce with the increase in the L-
arginine concentration of for all the five
temperatures (300K, 305K, 310K, 315K and 320K).
The molal compressibility and the apparent molar
volume for L-arginine amino acid were found to
amplify with the boost in the temperature for a
specific concentration. The compressibility for L-
arginine at a precise concentration has been found
to be more or less similar with the raise in the
temperature of the system.

TABLE 4: Values of adiabatic compressibility ( ),
apparent molar compressibility ( ¢k ) and apparent
molal volume ( ¢v) of L- lysine with the
temperature varying 300K, 305K, 310K, 315K and
320K.
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Table 4 describes the changes in the adiabatic
compressibility, molal compressibility and the
apparent molal volume with the amplification in
the molal concentration of the L-lysine amino acid.
The adiabatic compressibility for the L-lysine
amino acid was seen to decrease with the
amplified L-lysine concentration for all the five
temperatures (300K, 305K, 310K, 315K and 320K).
The molal compressibility of the L-lysine amino
acid was observed to be negative. The molal
compressibility of the L-lysine amino acid has been
seen to enlarge with the boost in the molal
concentration of the L-lysine amino acid for all the
five temperatures (300K, 305K, 310K, 315K and
320K). The apparent molal volume was also found
to be negative for L-lysine amino acid which tends
to decrease with the increased L-lysine
concentration for all the five temperatures (300K,
305K, 310K, 315K and 320K). The molal
compressibility and the apparent molar volume for
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L-lysine amino acid were found to increase with
the increased temperature for a specific
concentration. The compressibility for L-lysine at a
specific concentration was observed to be more or
less similar with the increase in the temperature of
the system.

Amino acids are seen to be present in dipolar form
in neutral solutions having very strong interactions
with close by water molecules. The enlarged
electrostriction of the water molecules around the
solutes may result in the decreased compressibility
of the solutions. The adiabatic compressibility of
the L-arginine amino acid was observed to be
superior than that of the L-lysine amino acid which
shows that L-arginine amino acid in sodium
acetate solution has stronger molecular interaction
in comparison to L-lysine. The maximum value for
molal compressibility and apparent molar volume
has been seen for L-arginine amino acid which
shows that electrostriction and hyperphilic
connections in the solution were superior in L-
arginine which indicates a higher solute-solvent
interaction in comparison to L-lysine. Temperature
seems to be very important in changing the molal
compressibility as well as molar volume of the
amino acids which can be elucidated due to the
boost in the molecular activities with amplified
temperature which might eventually guide to the
decrease in the molecular interaction of the among
the solute-solvent.

TABLE 5: Values of limiting apparent molal
compressibility (pok) and constant Sk with the
temperature varying 300K, 305K, 310K, 315K and
320K.

i
Aminoacds | Timingapparent gl compressbilty ol 1 10 | constnts /(L0 1L mald ]
ml M)
Temperature(K] Temperafure(K)
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TABLE 5 describes the limiting apparent molal
compressibility and the constants Sk for L-lysine
and L-arginine amino acids in the sodium acetate
solution. = The  limiting apparent molal
compressibility of the L-arginine and the L-lysine
amino acids was observed to reduce with the boost
in the temperature of the system. Similarly the
constants Sk for L-arginine and L-lysine amino
acids was seen to decrease with the amplified
temperature of the system.

The decrease in the limiting apparent molal
compressibility and the constants of Sk for both the
amino acids can be elucidated due to the presence
of solute-solute interactions which might lead to
increased electrostriction that may cause decreased
compressibility of the solution. The molal
compressibility for the amino acids was observed
to be negative which represents hydrophilic
solutes.

TABLE 6: Values of limiting apparent molal volume
(pov ), their constant Sv with the temperature
varying 300K, 305K, 310K, 315K and 320K.
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Table 6 explains the limiting apparent molal
volume and the constants Sv for L-arginine and L-
lysine amino acids in the sodium acetate solution.
The limiting apparent molal compressibility of the
L-arginine and L-lysine amino acids has been
observed to diminish with the amplified
temperature of the system. The constants Sv for L-
lysine and L-arginine amino acids has been seen to
amplify for the increase in temperature from 300K
through 310K but decreased with further increase
in temperature from 315K to 320K.

The negative values of limiting apparent molal
compressibility and limiting apparent molal
volume specifies the occurrence of ionic as well as
hydrophilic interactions in the system [15]. The
negative limiting apparent molal volume value
also indicates the electrostrictive salvation of ions
[16]. The decline in the limiting apparent molal
volume has been found to be due to the
interruption of the side chain hydration as a
consequence of the charged end due to the
amplified temperature. It may also be attributed as
a result of the hydrophilicity and/or polar nature
of the amino acid side chain due to amplified
temperature. The increased value of constant of Sv
indicates that with the boost in temperature the
solute-solute interaction amplified. Comparable
type of molecular interactions among the solutes
has also been observed by Banipal et al., 2007 [17].
In a study by Ali et al, related types of

communications were observed for certain amino
acids in occurrence of salts in aqueous
medium|[18].

4 CONCLUSION

From the magnitudes of compressibility, molal
compressibility and apparent molar volume of the
two amino acids under investigation, it can be
concluded that the L-arginine in aqueous sodium
acetate solution has stronger ionic interaction
among solutes in comparison to L-lysine. The raise
in temperature is also found to reduce the molal
compressibility, apparent molar volume, limiting
apparent molal compressibility and volume of both
the amino acids due to the decrease in the ionic
interactions among the solutes as a consequence of
increased temperature. Lastly, the ultrasonic
velocities of amino acids are observed to amplify
with the increased temperature and concentration
of the amino acids in the solutions.
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