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ABSTRACT

Ultrasonic velocity (u), density), and viscosity#() have been measured for NaCl and Mg@laqueous alanine
solution at 298.15, 303.15, and 308.15K. From theggerimental data, thermodynamic parameters idéalzatic
compressibility ga), intermolecular free length {I. Vander Waal's constant (b), internal pressurg) (and
solvation number ($ have been obtained for all the mixtures, withiewto investigate the solute-solute and
solute-solvent interactions. Adiabatic compresdiggband intermolecular free length decreases wiitlarease in
concentration and temperature. Van der Waal's camsi(b), internal pressure/f) and solvation number {5
increase with increase in temperature and conceiuneof electrolytes. These derived parameters ten further
used to elicit the ion-ion, solute — solvent anat-&mino acids interactions in the mixtures.

Keywords: ultrasonic velocity (u), thermodynamic parametershsas adiabatic compressibili§al), intermolecular
free length (), Van der Waal’s constant (b).

INTRODUCTION

There are many approaches and spectroscopic teesnigsed to determine the structure - functiortiogiship of
bimolecules. They are X-ray crystallography, chrtogeaphy, NMR, EPR, vibration and Raman spectrogcop
neutron & light scattering, circular dichroism (CDR and ultrasonic velocity measurements. Amongséh
techniques, ultrasonic velocity measurements haen ldound to be most powerful tool in the invedta of
structure and molecular interactions occurringhie solutions. Most of the chemical and biologiaaidtions of
bimolecules take place in aqueous medium. Imporktamplecules are proteins, carbohydrates, fatsyrang,
vitamins, hormones and nucleic acids. Among theséejns [24, 26] are found in all parts of the bathyd they
have an enormous variety of functions. As the pmeteare large complex molecules, direct study aiftgn
interactions is difficult. One useful approach tikan be used to understand these interactions ssutty those
compounds which mimic some aspects of the proteirctsire. Recently, there has been considerabdeeist in the
determination of various thermodynamic propertiesuch model compound e.g. amino acids, small geptand
their derivatives. Amino acids are the buildingdie of the molecular structure of the important &ady complex
class of compounds known as proteins.

Electrolytes are expected to influence water stmgcand the importance of contribution from strugtehanges of
the solvent to the thermodynamic properties of agaesolutions of biological moleculels is oftenessed. The
information on the zwitter — ionic nature of amiacids in water is given in the literature [1-4].€Tproperties of
proteins such as their structure, solubility, daration activity of enzymes, etc. are greatly irficed by
electrolytes [5]. An electrolyte when dissolvedwater perturbs the arrangement of water moleculés strong
electric field of its ions. This property of elaaliytes is known as structure maker or structurakeeand has been
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widely used to understand the effect of electrayda the structure and function of both proteind ancleic acids
[6, 7]

How the ion-ion and ion-amino acids interactiorgetiher with ion-water and amino acid — water omesastered in
electrolytes and amino acids solutions is the dirouorent investigations. To our knowledge, no eysittic efforts
have been made to study ion-ion and ion- amino adetactions in aqueous alanine solutions. A syate
programme has been undertaken to investigate tleeofointer and intra — molecular interactions iquaous
solutions of amino acids with mono and divalentetdytes.

In the present investigation, we report the expenital studies of up and n and the results of derived
thermodynamic parameters like adiabatic comprdigitipa), intermolecular free length {l. Vander Waal's
constant (b), internal pressurg;)( and solvation number (Sn) of electrolytes in amsgesolutions of alanine at
different temperatures. These derived thermodyng@aiameters are expected to highlight the roldeaftmlytes in
aqueous alanine solutions and its influence witiceatrations and temperature.

EXPERIMENTAL SECTION

All the chemicals used were of AR grade and drieer @nhydrous Caglin desiccator’s before use. All solutions
were prepared in de-ionized and distilled wategédsed by boiling), having specific conductivity 4Gcm'. The
stock solutions [8pf 1M concentration of alanine were prepared byghigig the alanine on a digital balance with
an accuracy of + 1 x 10g. Solutions of NaCl & MgGlwere prepared by mass on the molality concentratiate.
Uncertainties in solution concentrations were estéd at + 1 x 10 mol. kg™ in calculations. The solutions were
kept in the special air tight bottles and were usétiin 12 hours after preparation to minimize daposition due
to bacterial contamination.

Ultrasonic velocity was measured with a single @lysterferometer (F- 81, Mittal Enterprises, N®lhi) at 2
MHz. The interferometer was calibrated againstuheasonic velocity of water used at T = 298.15KeTpresent
experimental value is 1497.08 thehich is in good agreement with literature val[e% 1496.69m3. Accuracy in
the velocity measurement was + 1.0'ms

The density measurements were performed with dbeatéd specific gravity bottle with an accuracy+o? x 107
kg mi*. An average of triple measurements was takenaiatount. Sufficient care was taken to avoid anypabble
entrapment.

Viscosity was measured with Ostwald type viscomeT@e flow of time was measured with a digital steatch

capable of registering time accurate to + 0.1 s.akerage of three or four sets of flow of times dach solution

was taken for the purpose of calculation of visgosThe accuracy of the viscosity measurements #wvas5%.

Accuracy in experimental temperature was maintaatesi0.1K by means of thermostatic water bath.
RESULTS AND DISCUSSION

Ultrasonic velocity (u), density) and viscosity1{) of the solutions were obtained using the relatjon

Ultrasonic velocity u=nkx (1)
Density p=m/V (2)
Viscosity N2 = [t/ ] X [p2/ pd X ma 3)

Where, n &\ are frequency and wavelength; V is the voluméhefdolutiony; & n, are the viscosities of the water
and solutions;t t, are time of flow water and solution apd& p, are the densities of the water and solution.

From the experimental data of ultrasonic velocity, density ) and viscosity i), the various thermodynamic
parameters such as the adiabatic compressibfiity; {ntermolecular free length {t. Vander Waal's constant (b);
internal pressurg;{) and solvation number (Sfor six different concentrations (m) NaCl and Mg@&t temperatures
298.15, 303.15 and 308.15K and at 2MHz frequeney leeen computed using the following relations [}
Adiabatic compressibility pa=1/t.p - (4)

Intermolecular free length  Li=K/u.p"? oo (5)

Vader Waal’s constant
b=M/p[1- (RT/Mu?] [V1-Mu/3RT-1] - (6)
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Internal pressure ITi = bRT (Kn/ u,) Y2 p 22 IM ™ - (7)
Solvation number S, = [ny/ np] x [1- (Bs /ps))]  ----- (8)

Where, K is the temperature dependant Jacobsonartnd is the absolute temperatupg. p and y, u are the
density and ultrasonic velocity of solvent and solurespectively.

For the amino acid systems (water + alanine + Na@d) (water + alanine + Mgglultrasonic velocity (u), density
(p) and the coefficient of viscosity) for different concentrations have been measutembastant frequency of 2
MHz and at different temperatures. The data obthare used to evaluafa, L, b, IT; and Sn. The experimental
values of up, n and the calculated values 4, L, b, IT; and Sn are shown in Table — 1 and 2 for both ystems.
The graph plotted for @a, L, b,II; and Sn at different temperatures and various ¢urattons at 2 MHz frequency
are shown in Fig. — 1 to 12.

The ultrasonic velocity (u), for (water + AlanineNaCl) and (water + Alanine + Mggl amino acid — electrolytes
solutions at 2 MHz frequency at different temperasuand various concentrations (m) have been detednusing
equation (1) and presented in Table — 1 and 2. vBm@tion in ultrasonic velocity of solutions deplenon the
intermolecular free length ), Erying and Kincaid [12, 16, 17] proposed theréase in ultrasonic velocity with the
decrease of intermolecular free length) (and vice versa [12, 16]. Intermolecular free tng a predominant
factor, as it determines the ultrasonic velocitflind state. Presence of an ion alters the intéemdar free length.
Hence ultrasonic velocity of a solution will befdifent from that of solvent.

Ultrasonic velocity (u) is related to intermoleaufeee length. As the free length decreases dubedancrease in
concentration, the ultrasonic velocity has to iaseand vice versa. The experimental results oatitieor support
the above statement in both the cases. The variafialtrasound speeds of systems with molal comagons of
NaCl, MgC} in 1M alanine is given in Tables 1 & 2. From Tabié and 2, it is observed that ultrasonic veloiity
aqueous alanine solution increases with increaseoimcentration of solutes NaCl and MgCtonsequently
ultrasonic velocity of system increases dependimthe structural properties of solutes. The salut increases the
ultrasonic velocity is of structure maker type (SNihe value of ultrasonic velocity of NaCl in aqusaalanine is
less as compared to the value of Mggdl shown in Fig. — 1 and 2. When NaCl or Mg€ldissolved in solution, the
sodium ion (N& or (Mg™) has a structure breaking effect, would disrugt Water structure [16]. This could be
followed by structural reorganization leaving thelecules in closely fitting helical cavities. Thiguld cause an
increase in closed packed structure as the cohésioveen water molecules [18] increases. This méiesiquid
medium less compressible and hence the ultraseficity increases above that of pure value.

Density o) of the solution in both the systems increasel witncentration of NaCl and MgCHowever, density
of the solutions is less in aqueous alanine for INeG:ompared to Mg&lViscosity of solutions shows a non-linear
behavior in both the systems. Density is a meastisplvent — solvent and ion - solvent interacti2@)]. Increase
in density with concentration indicates the inceeérs solvent — solvent and solute - solvent intéoas. Whereas
decrease in density indicates the decrease in toagniof solute — solvent and solvent — solventrauons.
Increase in density with concentration is due ®ghrinkage in the volume which in turn is duehe presence of
solute molecules. That means the increase in gemsiy be interpreted to the structure — maker efshivent due
to the added solute. Similarly, the decrease irsitlewith concentration indicates structure — begadf the solvent.
It is clear that solvent — solvent interactionsigrabout a bonding, probably hydrogen bonding betwteem. So,
size of the resultant molecule increases and thdtebe decrease in density. In fact the valuesdehsity and
viscosity of any system vary with increase in canication of solutions. The change in structure alfent or
solutions as a result of hydrogen bond formatiodissociation or hydrophobic (structure — breakioighydrophilic
(structure — forming) nature of solute. Thus hydmgond forming or dissociating properties candreetated with
change in density and viscosity.

When an ion is added to a solvent, it attractsagesolvent molecules toward itself by wrenching tholecules
from bulk of the solvent due to the forces of alestriction. Due to this, the available solvent emlle for the next
incoming ion gets decreased. This process is kramsveompression. Every solvent is having a limitdompression
called the limiting compressibility value. The comgsibility of a solvent is higher than that ofaution and it
decreases with increase in concentration. The atiGaltompressibility is calculated using equatiet). (The
calculated values of3&) are presented in Tables — 1 and 2. The grapkp&rversus molality (m) of NaCl and
MgCl, are plotted and shown in Fig. — 3 and 4 respdgtive the present case adiabatic compressibilg) (
decreases with increase in concentrations of Nadl gChb. This is because as the concentration of solute
increases, a larger portion of water moleculesetgetrostatic and the amount of bulk water deciasesing the
compressibility to decrease. In the present stytly dc is negative which indicates the electrostiictof water

80



S. R. Kanhekar et al J. Chem. Pharm. Res,, 2012, 4(1):78-86

molecules. Hydrophilic [23, 25] solutes often shoggative compressibility due to the ordering tlsainduced by
them in water structuf@2]. The electrolytes like NaCl, KCI, Mg&letc. interact with charged centre of alanine. In
alanine, containing methyl group, the methyl gréightens the water molecules around itself and édhe values
of adiabatic compressibility for alanine are higtiean those of glycine. It is found that the adtabeompressibility
decreases with increasing the concentration ofstiate as well as temperature. The increase incitgland
decrease in compressibility were attributed to tbemation of hydrogen bonds between solute and eslv
moleculeq21]. Decrease in adiabatic compressibility witmecentration supported that the solvent molecules ar
fully compressed due to electrical forces of somtdecules [22].

The values of intermolecular free length for (wateslanine + NaCl) and (water + alanine + MgGystems have
been calculated using equation (5). Increase icammnations leads to decrease in gap between ta@espwhich is
referred by intermolecular free length;XLWith the increase in concentration the interroolar free length L
decreases & this trend is clearly observed whiobmshin Figs- 5 and 6. Intermolecular free length) {is a
predominant factor in determining the variationsiltfasonic velocity in fluids and in their soluti®. From Tables —
1 and 2, it has been observed that, in the praseestigation, intermolecular free length decrelisearly on
increasing concentrations of solutes. The decreiaskedwith increase of solutes concentrations in sotuli@icates
that there are significant interactions betweenteol solute and solvent suggesting the structtompting behavior
of solutes. In (water + alanine + NaCl) & (wateralanine + MgCJ) systems, ultrasonic velocity increase with
concentrations indicates stronger the intermolecideces in the solution. This gives increase ioseld packed
structure of aqueous alanine i.e. enhancementeotlitbsed structure. This provides the cohesion éetvalanine
and water molecules increases. The reduction inegegf dissociation among the liquid moleculeshaf mixtures.
Thus the inter-molecular distance decreases witlcextrations. The decrease in free length may ddieet gain of
dipolar association, making up of hydrogen bondsiénmolecules of the liquid mixtures.

Using the experimental data of ultrasonic velositidensities and viscosities for (water + alaninBlaCl) and
(water + alanine + MgG) systems, the values of Vander Waal's constanthglve been calculated using equation
(6) and it has been presented in the Tables — 12alidis observed that the Vander Waal's consfahtshows a
continuous increasing behavior with concentratiohdlaCl and Mgd] in (water + alanine + NaCl) and (water +
alanine + MgC)) systems as per Fig. — 7 and 8. This is becawsdissociation of a closed packing of the molecules
inside the shell [22]. The values of Vander Waabsstant (b) for NaCl are slightly less than thkeiea for MgC}
because of divalent nature of MgCl

Internal pressurellf) with different concentrations and temperatures (fvater + alanine + NaCl) and (water +
alanine + MgQGJ) systems has been obtained using experimentat@ndlated data by standard relation (7). From
Tables —1 and 2, it is observed that internal presgli) shows increase and decrease non-linear natyserdsig. —

9 and 10. This shows the orientation of the solveolecules around the ions, which may be due tontthe@ence of
electrostatic field of ions. This means the solutiecomes less compressible. It indicates the mdsmrtendency

of the molecules in the amino acid solutions. Cosely, the reduction in internal pressure showsadigting
tendency of molecules in the solution.

Solvation number ($ depends on the number of moles of the solutessalv@nt molecules. For systems (water +
alanine + NaCl) and (water + alanine + MgCthe values of solvation number have been caiedlasing Relation
(8) and are given in the tables 1 and 2. It isrtyeabserved that solvation number, $1creases with increase in
concentrations of NaCl and MgQWhereas, decrease in the values of solvation nurbeéemperature increases.
This suggests significantly strong interaction athbthe systems. The increase ip) (Sipports structure maker (SM)
tendency of electrolytes [20, 21]. But decreasth@value of (§ at high temperature favors presence of solute —
solvent interactions. Interaction of Mg®ith aqueous alanine is stronger as compared évaction of NaCl with
aqueous alanine due to divalent nature of Ma€ldepicted in the Fig. — 11 and 12.

CONCLUSION

Ultrasonic velocity, density viscosity have beenam@ed for NaCl and Mgglin agueous alanine solution at
298.15, 303.15, and 308.15K. The variation in slhrdc velocity, density and viscosity and otherated
thermodynamic parameters such as adiabatic conipiiitgsintermolecular free length, Vander Waatsnstant
(b); internal pressurdl{) and solvation number (Hof NaCl & MgCl, at various concentrations and temperatures in
aqueous alanine shows the variation to be incraadedecrease non-linear. Consequently ultrasordacitg of
system increases depending on the structural grep@f solutes. It is clear that solutes causiegteostriction lead

to decreases in the compressibility of the solutidypdrophilic solutes often show negative compiaisi, due to
ordering that is induced by them in water structdiee solute that increases the ultrasonic veldsityf structure
maker. The non linearity confirms the presenceohite-solvent, ion-ion, ion-amino acid interactiofitie observed
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molecular interaction, complex formation, hydrogeond formation are responsible for the hetero-mdéac
interaction in the liquid system. This providesfus@enformation about inter and intra molecularardctions of the
mixture as existing in the liquid system.
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Fig. 1 — Plots of ultrasonic velocity (u) versus ementration (m) of NaCl in aqueous alanine solutiormt 298.15,
303.15, and 308.15K
Fig. 2 — Plots of ultrasonic velocity (u) versus e@entration (m) of MgCl, in aqueous alanine solution at
298.15, 303.15, and 308.15K
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Fig. 3 — Plots of adiabatic compressibility ;) versus concentration (m) of NaCl in aqueous alané solution at
298.15, 303.15, and 308.15K
Fig. 4 — Plots of adiabatic compressibilityff;) versus concentration (m) of MgCJ in aqueous alanine solution
at 298.15, 303.15, and 308.15K
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Fig. 5 — Plots of intermolecular free length (k) versus concentration (m) of NaCl in aqueous alané solution
at 298.15, 303.15, and 308.15K

Fig. 6 — Plots of intermolecular free length (i) versus concentration (m) of MgC} in aqueous alanine solution
at 298.15, 303.15, and 308.15K
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Fig. 8 — Plots of Vander Waal's constant (b) versusoncentration (m) of MgCh in aqueous alanine solution at
298.15, 303.15, and 308.15K
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Fig. 9 — Plots of internal pressurex;) versus concentration (m) of NaCl in agueous alané solution at 298.15,
303.15, and 308.15K

Fig. 10 — Plots of internal pressures;) versus concentration of MgC} in aqueous alanine solution at 298.15,
303.15, and 308.15K
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Fig. 11 — Plots of solvation number (g versus concentration (m) of NaCl in aqueous alané solution at
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Fig. 12 — Plots of solvation number (3 versus concentration of MgC} in aqueous alanine solution at 298.15,
303.15, and 308.15K
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Table - 1 : Variation of thermodynamic parameters br (Water + Alanine + NaCl) system at
different concentration (m) and temperatures.

m u p n Bx 10 L bx10° | m x10° Sn
mol.Kg™ m/s Kg/mi | Nsm-2 mMN7 °A m° mol* Nm?
298 .15 K
0 1543.6 1050 1.23235 3.99706 0.41121 18.78p55 5398. O
0.034 1578.64, 1056.4 1.24818 3.79844 0.40086 19.153 401.8 16.8
0.071 1585.8| 1063.2 1.24963 3.74014 0.39777 1941696 402.9 43
0.106 1604.9 1072 1.26167 3.6216[ 0.39142 19.2959406.2 94.1
0.14 1607.46| 1080.8 1.29934 3.5807b 0.3892 19.2211413.6 139
0.175 1618.12] 1085.2 1.2928 3.5194 0.38585 19.3210812.8 199
303.15 K
0 1570.32| 1048 1.13771 3.86957 0.40828 18.99361 8388. O
0.034 1593.04f 1054.4 1.1388 3.73716 0.40124 199047 389.7 11.4
0.071 1594.1 1062 1.13932 3.70548 0.39953 19.1316890.9 28.2
0.106 1608.4| 1071.2 1.17069 3.6086)2 0.39428 1911916397.7 67.2
0.14 1610.48| 1078.8 1.19471 3.57395 0.39238 1941325402.8 102
0.175 1622.93 1084.4 1.19861 3.50115 0.38836 18&31 404 158
308.15 K

3.80738 0.40865 19.02483 437¢. O
0.034 1595.36| 1052.8 1.046¢ 3.7319 0.40458 19904 379.5 6.18
0.071 1603.4 1060] 1.0545 3.6695 0.40118  19.1223 81.83 24.4

0 1584 1046.8 1.03922
7 6
6 B
0.106 1611.6| 1067.6 1.08303  3.606483 0.39772 193368387.9 53.2
8 L
5 3

0.14 1618.8 1076] 1.0949 3.5465 0.3944  19.12406 1.339] 91.8
0.175 1628.52] 1082.4 1.104( 3.4835 0.39p88 19475 393.7 142

Table - 2 : Variation of thermodynamic parameters br (Water + Alanine + MgCl,) system at
different concentration (m) and temperatures.

m u p n Bx10™ L bx10° | m x10° Sn
mol.Kg* m/s Kg/m? | Nsm-2 mMN? °A m® mol* Nm?
298.15 K
0 1543.6 1050 1.03069 3.99706 0.41121 18.78955 5398. O
0.034 1566.24] 1065.6 1.25542 3.82551 0.40229 18.964 401.8 14.5
0.071 1612.84 1070 1.55957 3.59521 0.38999 19.6267@15.2 67.1
0.106 1604.9| 1086.3 1.60581 3.52134 0.38559 19.5724429.1 119
0.14 1618.64| 1100 1.75742 3.4698p 0.38313 19.5294248.2 176
0.175 1636.22] 1109.2 1.87766 3.36749 0.37744 192753 464.6 262
303.15 K
0 1570.32| 1048| 0.7928bH 3.86957 0.40828 18.99861 .7388 0
0.034 1583.5| 1062.4 1.22933 3.75384 0.40213 19721 389.7 9.95
0.071 1584.16) 1068.4 1.45347 3.72965 0.40083 194150 409.3 24
0.106 1618.4 1086 1.55373 3.5155pP 0.38916 19.4340321.1 91.1
0.14 1624.8 1098| 2.13041 3.44983 0.3865 19.47636 8 43 144
0.175 1628.78 1108.4 2.12168 3.40078 0.38275 19%13 458.2 201
308.15 K
0 1584 1046.8 0.9127% 3.80738 0.40865 19.02483 238D. O
0.034 1602.7| 1058.4 1.04792 3.67829 0.40166 1922189 378.4 11.5
0.071 1604.8| 1065.6 1.0519 3.64388 0.39978 19.2930899.1 28.9
0.106 1623.6 1084 1.2718 3.49955 0.39178 19.37p8311.34 81
0.14 1631 1097.2 1.16500 3.42615 0.38765 19.4351228.84 134
0.175 1645.7| 1105.6 1.935Q09 3.3396H6 0.38272 19%051446.2 205
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