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ABSTRACT

Ultrasonic velocity (U), Viscosity) and density4) have been measured for three amino acids
viz., L-glutamine, L-arginine, L-lysine in aqueoSO solutions at 303.15K. Using the
experimental values, the adiabatic compressibili#), hydration numberif,), apparent molar

compresiblility @,) apparent molar volumed;, ), limiting apparent molar compressibility
(¢2), limiting apparent molar vqume¢C) and their constants§,,S, ), transfer volume

(A¢f) and viscosity A and B coefficients of Jones-Detpiation were calculated. The

experimental results have been discussed in terim®msolvent and solute—co-solute
interactions on the basis of cosphere over lap rhode

Keywords: Ultrasonic velocity, apparent molar compressipiliapparent molar volume and
transfer volume.

INTRODUCTION

Ultrasonic investigation in aqueous solutions dadcablytes and non-electrolytes with amino
acids provides useful information in understandihg behaviour of liquid systems, because
intermolecular and intra molecular association, pl@x formation and related structural changes
affect the compressibility of the system which umnt produces corresponding variation in the
ultrasonic velocity. During the last two decaddws tltrasonic study has been carried out to
investigate hydration of proteins through volumed artrasonic measurements, since these
properties are sensitive to the degree and nafurgdoation [1-3].

Amino acids belong to an important family of biodexules which serve primarily as basic
building block of proteins. Mixed aqueous solveats used extensively in chemistry and other
fields to control factors like stability, reactiyiand stability of systems. DMSO is an aprotic
polar solvent strongly associated due to a higldampS = O group in the molecule and large
dipole moment. DMSO is called super solvent duigstavide range of applicability as solvent in
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biological process and chemical intermediates. Stbdy of DMSO is important because of its
utilization in a broad range of applications in noate.

Since volumetric, compressibility and viscositydés are lacking in aqueous non-electrolytic
mixtures of amino acids, an attempt has been n@adaderstand the behaviour of L-glutamine,
L-arginine and L-lysine in aqueous DMSO solutiohsotigh ultrasonic velocity measurements.
However, the ultrasound velocity data as such dopnavide significant information about the
native and relative strength of various types ¢¢rimolecular or inter ionic interaction between
the components. Hence their derived parameters asi@diabatic compressibilitg)( apparent
molar compresiblility @¢,) , apparent molar volume ¢( ), limiting apparent molar

compressibility @2), limiting apparent molar vqume¢C) and their constantsS(,S, ),

hydration number1,;) and the value of A and B co-efficient of Joneddbequation have been
obtained to shed more light on such interactions.

MATERIALS AND METHODS

Analytical reagent (AR) and spectroscopic reag8m)(grades which minimum assay of 99.9%
of L-glutamine, L-arginine, L-lysine and DMSO weobtained from E-Merck, Germany and
SdFine chemicals, India, which are used as sudhmowitfurther purification. Water used in the
experiment was deionised, distiled and was degags®r to making solutions. Aqueous
solutions of DMSO (3:1) were prepared by volumd ased on the day they were prepared.
Solution of amino acids in the concentration ranf6.02-0.1 mdim™ were made by volume
on the molarity concentration scale with precisidrt 1 x 10%g on an electronic digital balance
(Model: SHIMADZU AX-200). The density was determiheising a specific gravity bottle by
relative measurement method with an accuracy ofot @gm>. An Ostwald's viscometer (10
ml) was used for the viscosity measurement. Efftuime was determined using a digital
chronometer within £0.01s. An ultrasonic interfeeter having the frequency of 3 MHz
(MITTAL ENTERPRISES, New Delhi, Model: F-81) witmaoverall accuracy of + 0.1% has
been used for velocity measurement. An electrolyichdital operated constant temperature bath
(Raaga Industries) has been used to circulate wateugh the double walled measuring cell
made up of steel containing the experimental smhudit the desired temperature. The accuracy in
the temperature measurement is £ 0.1 K.

Theory and Calculations
Various acoustical and thermodynamical parametersaculated from the measured data such
as
Adiabatic compressibility
1
= (1
p 0%, (1)
The molar hydration number has been computed tsagelation,

nHz(%j [1—{%} ()

wheref3 and 3 are adiabatic compressibilities of solution anlyesat respectively, nand n are
number of moles of solvent and solute respectively.

The apparent molar compressibility has been calediiom relation,
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o =220 () 5 pp,) + (ﬂj .3)
mp, Po

where B, p andf,, p, are the adiabatic compressibility and density @fiteon and solvent

respectively, m is the molar concentration of tbkit®, and M the molecular mass of the solute.
¢, 1S the function of m as obtained by Gudkieom Debye Huckel theoPyand is given by

o= o+ S’ (4)

where (pKO is the limiting apparent molar compressibility iafinite dilution and S, is a
constant.goK0 andS, of equation (4) have been evaluated by the lepsire method.

The apparent molar volumg, has been calculated using the relation

M) 1000(p -

" = (_j_ (o=p0) )
Y Mppg

The apparent molar volume,, has been found to differ with concentration adouy to

Massofi empirical relation as

A =)+ §m* ..(6)
where ¢ is the limiting apparent molar volume at infindéution and S, is a constant and
these values were determined by least square method

Transfer volumesaggoi’) of each amino acid from water to aqueous DMSQ@tsni have been
calculated by the equation

DAY = ¢y, (in agueous DMSO solution) ¢y, (in water) . (7)
where ¢, denotes limiting apparent molar volume.

The viscosity A and B coefficients for the aminadacin aqueous DMSO solutions were
calculated from the Jones-Dole equation

1 =1+ An*+Bm ..(8)
U
where,nn andn, are the viscosities of the solution and solvespeetively and m is the molar

concentration of the solute. A is determined by itveic attraction theory of Falkenhagen-
Vernon and therefore also called Falkenhagen @iefif B or Jones-Dole coefficient is an
empirical constant determined by ion-solvent inteoms.

RESULTS AND DISCUSSION

The values of densityp), Viscosity ;) and ultrasonic velocity (U) of three amino acids
agueous DMSO mixtures (Volume ratio 3:1) are pressbm Table-1. The values of adiabatic

compressibility §), hydration number 1§,,), apparent molar compressibilitypf( ), apparent
molar volume @, ), limiting apparent molar compressibilityﬁg), limiting apparent molar

volume (#°) and their constants(, S, ), transfer volume ¢’ ) and viscosity co-efficients of
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A and
Tables 2-3.

Table-1.Values of density(p), viscosity §]) and ultrasonic velocity (U) of some amino acidsiiaqueous
DMSO solutions (3:1) at 303.15 K for

B of

Jones-Dole

equations

are given

M/(molidni) pl(kg.nT°) [ n/(x10°Nsm®) | U/(ms?
System — | L-glutamine + water + DMSO
0.00 1024.1 1.4021 1522.2
0.02 1025.3 1.4169 1526.3
0.04 1026.6 1.4372 1528.8
0.06 1029.0 1.4803 1531.2
0.08 1030.3 1.5552 1535.3
0.10 1032.2 1.6324 1540.6
ystem — Il L-arginine + water + DMSO
0.00 1024.1 1.4021 1522.2
0.02 1026.3 1.4069 1524.9
0.04 1027.9 1.4218 1526.2
0.06 1030.0 1.4448 1528.7
0.08 1031.3 1.5054 1531.8
0.10 1033.1 1.6024 1536.5
System — Il L-lysine + water + DMSO
0.00 1024.1 1.4021 1522.2
0.02 1026.8 1.4035 1523.5
0.04 1028.3 1.4186 1525.4
0.06 1030.2 1.4301 1526.8
0.08 1031.8 1.5008 1529.3
0.10 1033.7 1.5192 1534.6

Table-2.Values of adiabatic compressibility($) and hydration number (1), apparent molar
compressibility (@, ) and apparent molar volume(¢,, ) of some amino acids in agueous DMSO solutions

(3:1) at 303.15 K for

M/(mol@dm) B/(x107°m* N n, | —#/(x10"m*N"Y) | g, /[(10°m’mol™)
System — | L-glutamine + water + DMSO
0.00 4.2141 - - -
0.02 4.1866 14.7 1.6450 56.9
0.04 4.1677 12.4 1.4158 59.2
0.06 4.1449 12.3 1.4906 77.2
0.08 4.1192 12.7 1.5245 73.3
0.10 4.0818 14.1 1.6559 76.4
System — Il L-arginine + water + DMSO

0.00 4.2141 - - -
0.02 4.1902 2.6 1.6501 104.4
0.04 4.1766 19.9 1.3278 90.0
0.06 4.1544 15.9 1.3994 93.0
0.08 4.1324 14.5 1.3925 85.0
0.10 4.1000 15.2 1.5105 84.8

System — Il L-lysine + water + DMSO

0.00 4.2141 - - -

0.02 4.1959 1.9 1.4646 128.1

0.04 4.1793 18.6 1.2936 99.5

0.06 4.1640 13.3 1.2531 96.1

0.08 4.1430 12.7 1.2938 90.9

0.10 4.1078 14.2 1.4645 90.4
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In all the three systems (Table-1) the values afsdg and ultrasonic velocity increases with
increase in molar concentration of amino acidssTimtreasing trend suggests a strong molecular
interaction exist between solute and solvent. Galyerthe values of ultrasonic velocities are
smaller in L-lysine than other two amino acids. Btallar association is thus responsible for the
observed increase in ultrasonic velocity in thesgures. The increase in ultrasonic velocity in
these solutions may be attributed to the cohesiongit about by the ionic hydration.

Table-3 Values of limiting apparent molar compresibility ( ¢,?), constant (%), limiting apparent molar

volume (¢3), transfer volume (A¢3), constant (§) and A and B coefficients of Jones-Dole equatiorf some
amino acids in agueous DMSO solutions (3:1) at 3(% K for

0 7 0 3 0 3 3ps ¥ a2 3
Systems b, /(<107 SJ(107N @, 1(x10° A¢3v /(xliT S/ mllt”. | A/ (dm B/ (dm
mENY P molY memoly) | mimol?) mol—7? mol™? mol™)
L-glutamine+
water + DMSO 1.5194 1.1371 0.0414 0.1147 -0.5625 0.340B 2.5416
L-arginine+ wate g
+ DMSO 1.6350 7.5473 0.1191 0.1166 -0.1471 0.358p 2.2960
L-lysine + water -
+ DMSO 1.4003 1.9562 0.1517 0.2138 0.3216 0.242B 2.5788
; 0 3.3 1 ; e i .
Experimental values o¢v /(x10”m’.mol™) of amino acids in water:
L-glutamine: 521.1; L-arginine: 28.0; L-lysine: 3.3

Table-2 shows the variations of adiabatic compbaggi with molar concentration of amino
acids at 303.15K. The decrease in adiabatic corsipitty, observed in DMSO-water mixtures
with amino acids in the present study generallyfioms that conclusions drawn from the
velocity data. The adiabatic compressibility vale® greater in L-lysine compare to L-
glutamine and L-arginine which shows molecular esdmn / interaction is greater in L-lysine
than that of other two amino acids. Amino acid rooles in the neutral solution exist in the
dipolar form and thus have stronger interactionhwitite surrounding water molecules. The
increasing electrostrictive compression of wateuad the molecules results in a large decrease
in the compressibility of solutions.

The interaction between the solute and the watdecntes in the solvent is said to be hydration.
From the Table-2, it is observed that the valuesigfare positive in all systems studied and
such positive values afi,; indicate an appreciable solvation of solutes. Vélees ofn, are

found to increase non-linearly with increasing ttentent of L-arginine and L-lysine but it
decreases in L-glutamine. A decreasing valuernofwhich indicates the strength of interaction
gets weakened in the solute-solvent molecules.

From the Table-2, it is observed that the valuegpfand ¢, are all negative over the entire

range of molarity and further, these values dee®asn-linearly with increasing the content of
L-glutamine but is found to be increasing in theecaf L-arginine and L-lysine. This

observations clearly suggest that the negativeegati ¢, and ¢, in all systems indicates the

presence of solute-solvent interactions. The negatialues of¢, indicates electrostrictive
solvation of ion& The observed increasing behaviour @f and @, reveals that the
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strengthening of the ion-solvent interaction of rgimie and L-lysine in agqueous DMSO
solutions.

From Table-3, it is observed that the negative eslof ¢2 for all systems reinforce our earlier

view that existence of solute-solvent interactidrfse magnitude 0¢2 is in order: L-lysine > L-

glutamine > L-arginine. Further, the valuesS)f, exhibit negative in all systems studied which
shows the existence of ion-solute interaction engblutions.

The volume behaviour of a solute at infinite dibutiis satisfactorily represented &y’ which is
independent of the solute-solute interactions adiges information concerning solute-solvent

interactions. Table-3 reveals that the vaIueAqﬁf in all the systems are negative. The negative
values of A¢S indicate smaller solute-solvent interactions pmés@ these systems. The

magnitude ofA¢f is in order: L-glutamine > L-arginine > L-lysink.is evident from the Table-

3 that S exhibits negative values in all the systems, ssijoyg the presence of stronger ion-ion
interaction and less complex ion formation takiharp.

DMSO molecules combine mainly with water moleculather than interact with amino acids
molecules. Based on the cosphere overlap mbdeere are three possible types of interactions.
(i) Hydrophilic-hydrophilic interaction between th8,0 polar group of DMSO and the
Zwitterionic centers of amino acids; (ii) Hydroghthydrophobic interaction between the S,0
polar group of DMSO and the side chain group ofrenracids, (or) between the Zwitterionic
centre of amino acids and two methyl groups of DMSOand

(ii) Hydrophobic-hydrophobic interaction betweamot methyl groups of DMSO and side chain
group of amino acids.

The first type of interaction results in a positivensfer volume while the second and third types

of interaction result in negative transfer volumesom the Table-3, the values N¢S of L-
glutamine and L-arginine are found to be negativeit bwhereas positive for
L-lysine. From the observed values Afyﬁg it can be concluded that second and third type of

interaction is dominant over the first type of natetion. Therefore, in DMSO solution, the
interaction between polar groups is not dominanaddition, the two methyl groups in a DMSO
molecule have a significant function to construeitev structure. Therefore, two methyl groups
make a great negative contribution to transfer m&drom water to aqueous DMSO.

Viscosity is another important parameter in underding the structure as well as molecular
interactions occurring in the mixtures. Viscositariations are attributed to the structural
changes. From the Table-1, it is observed thawéhees of viscosity increases with increasing
concentration of three amino acids in agueous DMBIOtions. This increasing trend indicates
the existence of molecular interaction occurringhiese systems.

In order to shed more light on this, role of visto8-co-efficient has also been obtained. From
Table-3, it is observed that the values of A amakr8positive in all systems studied. Since Ais a
measure of ionic interactibh It is evident that there is a strong ion-ion iatgion in the
mixtures studied. B-co-efficient is also known asasure of order or disorder introduced by the
solute in to the solvent. The behaviour of B-caesfht in all the three system suggests the
existence of strong ion-solvent interactions. Tdrgér value of B indicates structure intensifying
property of the solute.
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CONCLUSION

In summary, volume and compressibility data haveenbeletermined for L-glutamine,
L-arginine and L-lysine in aqueous DMSO solutioh8@3.15K and the results have been used

to study the molecular interaction in the solutiofom the magnitude o;bf: and the values of
B-coefficient it can be concluded that L-lysine gess strong ion-solvent interaction than other
two amino acids in agqueous DMSO solutions. The sfenvolume A¢f suggests the pre
dominance of hydrophilic-hydrophobic interactioneohydrophilic-hydrophilic interactions.
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