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ABSTRACTS

Ultrasonic velocities, densities and viscositiesdaeen measured for (1M Alanine + 1M NacCl) and @lshine +

1M MgCh) at different temperatures. Ultrasonic velocity mwiixture has been measured with single crystal
interferometer. Using these experimental data, teived thermo acoustical parameters such as adiaba
compressibility £.); acoustic impedance (Z); intermolecular free ldndly); relative association (g has been
calculated. By using experimental as well as deriparameters data, excess thermo acoustical paenete.
Excess adiabatic compressibilit§,f); excess acoustic impedancé)Zexcess intermolecular free lengthSLand
excess relative association iR have been computed. Results have been analyzéd theé variations in
thermodynamic parameters as well as excess thewoustical parameters with concentrations of soludaed at
different temperatures. Both thermodynamic and sxdhermodynamic parameters threw some light on the
molecular interactions among the liquid mixturestgctrolyte solutions and aqueous amino acid.

Keywords: Ultrasonic velocity; adiabatic compressibility;castic impedance; intermolecular free length; redat
association and excess thermodynamic parameters.

INTRODUCTION

The ultrasonic velocity and other related therma@uagital parameters were successfully employed tenstahd the
structural changes and the nature of moleculardntions in the mixtures. Excess parameter, plaitad role in
assessing the compactness due to molecular arrangeand the extent of molecular interactions in libaid
mixtures through charge transfer, dipole — induakpole and dipole — dipole interactions [1]nterstitial
accommodation and orientational ordering [2] , Ilrgdto more compact structure making. The investgaof
ultrasonic and thermodynamic properties of amindsaand peptides in aqueous and mixed aqueousngsibhas
been the area of interest. There has been an settaaterest in the state of water in the living. céhe cell is the
fundamental structural and functional unit of ligimrganisms. Biomolecules [3] are complex organaletules.
These molecules form the basic structural constited a living cell. The important biomolecules grmteins,
carbohydrates and fats, enzymes, vitamins, hormandsucleic acids. Among these, proteins [4] atad in all
parts of the body and they have an enormous vapietynctions. The organic compounds [5] such agmamcids,
nucleotides and monosaccharide serve as buildimckblof complex biomolecules and used as a proldecuies
[6] to understand the complex nature of proteihss fenerally recognized that the investigatiorthef behavior of
model compounds of protein like amino acids andtidep in aqueous and mixed aqueous solvents help in
understanding the factors governing the thermodymatability of the native structure of proteinsod of the
chemical and biological functions of bimoleculeketglace in aqueous medium. The choice of watepifeparing
mixed solvents stems from its important and unigple in determining the structure and stabilitypodteins. Since
its presence is known to give rise to hydrophobicéds, which are of prime importance in stabilizthg native
globular structure of proteins. The denaturatiorglobular protein in agqueous solution is fundamiehtalogical
processes which is not yet completely understoatl ramain a subject of extensive investigations J[6k8 the
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process of denaturation of globular protein in agsesolutions, the native folded conformation oftein is
converted predominantly into an extended unfoldaunfand during this process various changes wituog in
protein solvation. Thus the study of these solofgent and solute-solute interactions is essemtisd to their
important contribution to the energetic of protdienaturation. Rohini Badarayani et al [9,h@)ye measured the
density and speed of sound of glycine in aqueonserrated NaBr, KCI, KBr, and MggLhat 298.15K.they also
investigated that the compound Mg@hfluences the apparent molar and transfer prigzedf the volumes and
compressibilities more strongly than any otherelektrolytes studied. The importance of the paramétvolved is
also discussed in terms of the ionic interactions.

To the best of our knowledge, ultrasonic veloaitgnsity, and viscosity study of electrolytes wittuaous alanine
solution at different temperatures are not repoufgedo now. Alanine plays a key role in maintagniglucose levels
and thus energy supplies in the body. Epstein-iaus and chronic fatigue syndrome have been lirtkegkcessive
alanine levels and low levels of tyrosine and pledapine. It has been found that for people witkuim-dependent
diabetes, taking an oral dose of L-alanine effetyiprevents nighttime hypoglycemia. Alanine isyaltophobic
molecule. It is ambivalent, meaning that it canrséde or outside of the protein molecule. It plagstral roles both
as building blocks of proteins and as intermediatemetabolism. It is required for the metabolisfrglucose and
tryptophan. Electrolytes are expected to influeweger structure, and the importance of contribufrom structural
changes of the solvent to the thermodynamic priggedf aqueous solutions of biological molecules béen
stressed. There is information on the zwitter idomature of amino acids in water in the literat{8el3]. The
properties of proteins such as their structureyltstity, denaturation activity of enzymes etc. greatly influenced
by electrolytes [14, 15]. In the present paper,remort that ultrasonic velocity, density and visgosf 1M NaCl
and 1M MgC} inaqueous alanine were measured at 298, 303, and.3®m these experimental data, a number
of thermodynamic parameters namely, adiabatic cessibility $3), Intermolecular free length (L. acoustic
impedance (z) and relative association)(Rave been calculated. Using standard relatiorsess thermodynamic
parameters such as excess adiabatic compressiffiityexcess Intermolecular free lengthMjL excess acoustic
impedance (% and excess relative association\{Ralso have been computed. These thermodynamienesess
were utilized to study various interactions takipigce in the solutions of 1M NaCl and 1M MgGh aqueous
alanine. Excess thermodynamic parameters [16] baee found to be highly useful in elucidating seldtsolvent
interactions in aqueous solutions and binary meagur

MATERIAL AND METHOD

All the chemicals used were of AR grade and drieer @anhydrous Caglin desiccator’s before use. All solutions
were prepared in deionized and distilled water édsgd by boiling), having specific conductivity0® Scm'. The
stock solutions of 1M concentration of Alanine, Na@d MgC} were prepared by weighing the all chemicals on a
digital balance with an accuracy af 1 x 10° Kg. Solutions of required liquid mixture were paepd by volume
fractions. The solutions were kept in the specialtight bottles and were used within 12 hrs. tonimize
decomposition due to bacterial contamination.

Ultrasonic velocity was measured with a single tysnterferometer (F- 81, Mittal Enterprises, Névelhi)
operating at a frequency of 2MHz and at differemhperatures of 298, 303, and 308K. The source tedsalnic
waves was a quartz crystal excited by a radio faqy oscillator placed at bottom of a double jae#anetallic
cylindrical container. The cell was filled with tkesired solution and in the outer jacket condtamiperature water
was circulated. The cell was allowed equilibrate 80 minutes prior to making the measurements. The
interferometer was calibrated against the ultraseslocity of water used at T = 298 K. The presagerimental
value is 1497.08 rifswhich is in good agreement with literature val2e][1496.69 ms. Accuracy in the velocity
measurement wais1.0 ms". Accuracy in the velocity measurement wak.0 ms.

The densities of the mixtures were determined adelyr using 25 ml specific gravity bottle and etentc balance.
The accuracy of electronic balance is + 0.1 mgtaedaccuracy in the density measuremeit2sx 10° kg m°. An
average of triple measurements was taken into atcdufficient care was taken to avoid any air Bebb
entrapment. Viscosity was measured with precakigr@swald type viscometer. The flow of time was sueed
with a digital stop watch capable of registeringdiaccurate te 0.1 s. An average of three or four sets of flow of
times for each solution was taken for the purpobeaiculation of viscosity. The accuracy of the casity
measurements was 0.5 %. Accuracy in experimental temperature wasntamed at+ 0.1K by means of
thermostatic water bath.

THEORY AND FORMULATION
Ultrasonic velocity, density and viscosity of thiguid systems have been measured. Using these thea,
thermodynamic parameters such as the adiabatic ressipility (3,); intermolecular free length (I, acoustic
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impedance (z) and relative association)(Rere investigated for six different vol. fractowef 1M NaCl & 1M
MgCl, at frequency 2 MHz and temperatures 298, 303 K308 om the experimental data of ultrasonic velp¢it),
density p) and viscosity1f), the thermodynamic parameters have been calculgtausing the following relations
[17-201

Ultrasonic velocity u=rx e Q)
Adiabatic compressibility p.=1//fp e —(2)
Intermolecular free length ;£K/up e —3)
Acoustic impedance Zpu e (4)
Relative association ARM/poy (/U s (5)

Where, K is the temperature dependant Jacobsonartnd is the absolute temperatupg, p and 4, u are the
density and ultrasonic velocity of solvent and solurespectively.

The excess parametersuch as 5, Z, L, and RF have been calculated using the following equatj@6

Excess ultrasonic velocity Bl Unix - [(1-X) U+ X W] =mmmeeeemmee (6)

Excess adiabatic compressibilRy = Buix - [(1- X) By + XBo] ~ ----mm-=---- @)

Excess acoustic impedance 27y - [(1-X) z2+ X 2]  —ooeee (8)
Excess intermolecular free length E Lt mix - [(1- X) Lig + X Lgg]  =---m==--=- 9)

Excess relative association "R Ramix - [(1- X) Ra1 + X Rag] =====----- (10)

Where, x- represents vol. fraction of the comporaent subscript 1 and 2 stands for components 1 & 2.
RESULTS AND DISCUSSION

For the amino acids - electrolytes liquid syster(M Alanine + 1M NaCl) and (1M Alanine + 1M Mgg})
ultrasonic velocity (u), densityp) and the coefficient of viscosityn) for various volume fractions have been
measured at constant frequency of 2 MHz and aerdifft temperatures. The experimental values @f y, are
given in Tables - 1 and 2. The data obtained aesl tio evaluatg, Z, L;, and R which is included in the same
Tables. Using these experimental and calculated, dacess parameters such as excess ultrasonitityeid),
excess adiabatic compressibilif§f), excess acoustic impedancé)(zxcess intermolecular free lengthSjLand
excess relative association iR have been computed. The values of excess pananieee been presented in
Table — 3 and 4. The graph plotted of excess patesiversus vol. fraction (x) for two liquid sysie as shown in
Fig. - 1 - 10.

1. Ultrasonic Velocity (u):

The ultrasonic velocity (u) for amino acid elecyttek solutions at 2MHz frequency and at differamhperatures
have been determined using relation (1) and predantTables - 1, and 2. From Tables — 1 and 2ydhni&tions in
ultrasonic velocity in liquid mixtures depend omcentrations (x) of solutes and temperatures. &bt velocity
(u) is related to, intermolecular free length. As free length decreases due to the increase itentmtions of
solutes, the ultrasonic velocity has to increasee &xperimental results support the above statemdntr liquid
systems. Consequently, ultrasonic velocity of sysitecreases depending on the structural propesfieslutes. The
solute that increases the ultrasonic velocityriscstire maker.

From Tables — 1 and 2, ultrasonic velocity increagdth increase in concentrations of solutes (IMCNdAM
MgCl,) in liquid systems investigated such@ Alanine +1M NaCl) and (1M Alanine +1M Mgg}l The value of
ultrasonic velocity of (1M Alanine + 1M NaCl) isde as compared to the value of ultrasonic velacitylM
Alanine +1M MgC}). When NaCl or MgGlis dissolved in solution, the sodium ion {INar (Mg™) has a structure
breaking effect, would disrupt the water structuteThis makes the liquid medium less compressibtetence the
ultrasonic velocity increases above that of putaeia
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2. Adiabatic compressibility ():

When an aqueous electrolytes solution is added idlaalanine (solvent), it attracts certain solvemblecules
towards itself by wrenching the molecules from bafkhe solvent due to the forces of electroswittiDue to this
the available solvent molecule for the next incagrion gets decreased. From Tables — 1 and 2, timpressibility

of a solvent is higher than that of a solution andlecreases with increase in concentrations. Tdiabatic
compressibility is calculated using equation (2)eTalculated values d8{ have been presented in Tables 1 and 2.
The absence of hydrophobic hydration in glycine ttuabsence of any methyl group causes glycinestarider a
higher electrostriction effect than other aminodaccontaining methyl group (Methyl group tightehg twater
molecules around itself). Hence the values of atialtompressibility for glycine are higher thaongh of alanine.

3. Acoustic impendence (2):

Acoustic impedance (z) is found to be almost inelsrso the adiabatic compressibilitJ. Specific acoustic
impedance is calculated by using standard reld8pnThe calculated values of Z are mention in €atl, 2. From
Tables — 1 and 2; it is observed that acoustic dapee (Z) increases for different vol. fractionscoAstic
impedance becomes either maximum or minimum depgnati the concentrations and different temperatUreis

is the stage where complex formation is taking @liacthe liquid system due to increased electrslyt@amino acids
interaction. For a given concentration the valuescoustic impendence (Z) increases with increasmncentration
in liquid systems (1M Alanine + 1M NaCl) and (1M akine + 1M MgCJ). It is in good agreement with the
theoretical requirements because ultrasonic vgidnitreases with increase in concentrations oftsslin liquid
mixtures. The increase in (Z) with the increaseancentrations of solutes can be explained in tesfriater and
intra molecular interactions between the molec[2e8] of liquid mixturesThis indicates significant interactions in
the liquid systems. Similar behavior is also obedrin alanine based liquid systems

4. Intermolecular free length (Ly):

The values of intermolecular free length for (1MaAine + 1M NaCl) and (1M Alanine + 1M Mgglsystems have
been calculated using equation (4). Increase icammnations leads to decrease in gap between ta@espwhich is
referred by intermolecular free length)(LWith the increase in concentrations of solute®rmolecular free length
(Ly) has to decrease. Intermolecular free lengtf) & a predominant factor in determining the vaois of
ultrasonic velocity in liquid mixtures. From Table 1, 2, it has been observed that, in the prasgastigation,
intermolecular free length decreases linearly ameasing vol. fractions. The decrease jnmith increase of vol.
fractions in solution indicates that there are gigant interactions between solute and solventgsstng the
structure promoting behavior of solutes. Ultrasom@ocity increases with vol. fractions of soluteslicates
stronger the intermolecular forces in the solutibhis gives increase in closed packed structuregokous amino
acids, i.e. enhancement of the closed structuris. drovides the cohesion between amino acids anerwalecules
increases. The reduction in degree of dissociasiorong the liquid molecules of the mixture. Thus thter
molecular distance decreases with concentratiom décrease in free length may due to the gain pdlai
association, making up of hydrogen bonds in theemdés of the liquid mixtures.

5. Relative association (Kg):

The values of relative associationajRor liquid systems (1M Alanine + 1M NaCl) and (IManine + 1M MgC})
have been estimated using relation (5).The propefgh can be studied to understand the interadsidine relative
association (R). It is influenced by two factors: (i) Breaking uptbe associated solvent molecules on addition of
solute in it and (ii) The salvation of solute malkx The former leads to the decrease and latéretancrease of
relative association. From Tables 1, 2, it is obséithat, R increases with increase in the vol. fractions (x)

6. Excess ultrasonic velocity (9):

The values of excess ultrasonic velocity have bedoulated using the standard relation (6) andpagsented in
Tables- 3 and 4. From Tables — 3 and 4 and Fig.andL 2, it is clear that the values &f are negative at the
beginning but becomes positive thereafter by irgingavolume fractions of 1M NaCl and 1M MgGh the liquid
mixtures. More negative values df indicates that the interactions between 1M alaaime 1M MgC} more strong
than the 1M alanine and 1M NaCl. Curves shown gufgs — 1 and 2, for (1M Alanine + 1M NaCl) and/(1
Alanine + 1M MgC}) at different temperature and various volume foast, excess values of are less negative at
x — 0.4 then becomes positive with increasing vaunaction. & has small negative values (with minimum at x-
0.4) for all systems. Increase in negative valifas aith x — 0.5 (Fig.-1, 2) is indicative of the deasing strength
of interaction between component molecules of tleture as suggested by Tiwari et al [12]. This sug our
view that the interaction between component mokin liquid mixtures is weak. Figures 1 and 2,vehthat &
values are small negative for (1M alanine + 1M Na&ld becomes large negative for (1M alanine + 1NCH).
Thus, interactions between the molecules of sygidvhAlanine +1M NacCl) are weaker than that in thelecules
of system (1M Alanine + 1M MgG).
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7. Excess adiabatic compressibilitypf):

Excess thermodynamic parameters have been foumel haghly useful in elucidating solute — solvertemactions in
aqueous solutions and binary mixtures. The vanatio excess adiabatic compressibilit§)(with volume fractions
at different temperatures are presented in TaBlesyd 4. From Figures 3 and 4, it is observedttravalues off®
are positive at the lower volume fraction upto 04 whereas the sign inversion of tfe values changes by
increasing volume fraction beyond x — 0.4 and bexomore negative at the maximum volume fractionlx0-The
curves show that the negative values of excess i@ssipility reaches maximum at 1.0 volume fractadnlM
NaCl. From Tables - 3 and 4, the values of excesspcessibility changes from positive to negativeirigreasing
vol. fractions of aqueous solutions of NaCl and Nj)g@& 1M alanine. It is clear from Tables that thgaikive values
of B more in (1M alanine + 1M NacCl), while less negatiralues are observed in (1M alanine + 1M MyCThese
observations support the view point that the mixthas a tendency for a closer packing in the irgdiate
composition range. The effect of temperature on dbmpressibility curves is in agreement with theaidhat
interaction between unlike molecules [1]. Predomilyathe rupture of hydrogen bonded structureshés inain
cause of excess compressibility. The valuegFafecreases with increase in temperatures whichateticthat as the
temperature of the system is raised, the systedstamattain ideal behavior in which the valuegoshould be
zero. This means that the system is temperatursitisenand the interaction between the componeriecotes
decreases with rise of temperature.

The positive values diF, for the system suggest the presence of weakattien between unlike molecules. The
size of component molecules almost not equal, éirsethat their molecules do not pack well into eatiter’s
structures. This results in expansion in volume, laence positivg, values.

The negative value @, suggest significant interactions between the aormapt molecules in the mixture, forming
donar — acceptor complex between amino acid amtrelgtes molecules. As a result there is conteaciin volume,
resulting in negative values p¥, with x.

8. Excess acoustic impedance g

Excess acoustic impedancé)(has been calculated using relation (6) and calledl values ofZzare presented in
Tables- 3 and 4. From tables, it is clear thatvialeies of Z are negative at the beginning but becomes positive
thereafter by increasing volume fractions of 1M Naad 1M MgC} in the liquid mixtures. More negative values of
Z= indicates that the interactions between 1M alaaimé 1M MgC} more strong than the 1M alanine and 1M NaCl.
Curves shown in Figures -5 and 6 for (1M AlanindM NaCl) and (1M Alanine + 1M MgG) at different
temperature and various volume fractions, exceksesaf ZF are less negative at x — 0.4 then becomes positive
with increasing volume fraction.5has small negative values (with minimum at x- @of)all systems. Increase in
negative values of Zwith x — 0.5 (Fig.- 5, 6) is indicative of the deesing strength of interaction between
component molecules of the mixture as suggestetliwgri et al [12]. This supports our view that timteraction
between component molecules in liquid mixtures éak Figures 5 and 6, shows th&tvalues are small negative
for (1M alanine + 1M NacCl) and becomes large negatdr (1M alanine + 1M MgG). Thus, interactions between
the molecules of system (1M Alanine +1M NacCl) areaker than that in the molecules of system (1M i+

1M MgCl).

9. Excess intermolecular free length (£):

Thermodynamic excess functions are found to be gensitive towards mutual interactions between corapt
molecules of the liquid mixture. The sign and tikéest of deviation of these functions from idealitgpend on the
strength of interactions between unlike molectfeS: The changes in excess intermolecular free le(igfh have
been calculated with the help of equation - (4).Vhleies of k= are mention in the Tables- 3 and 4. The plot ¢f)(L
versus vol. fraction (x) at 298, 303 and 308 K stiewn in Figures - 7, 8, for all systems; alues are positive at
the beginning then become negative with increasimlgme fraction (x) for all the systems at all teargtures
suggesting weak specific interactions between araiids and electrolytes molecules: hecomes more negative
for 1M MgCl, as compared to 1M NaCl suggesting more of speditieraction of amino acids with divalent
molecules. It is further assumed that complex faimnabetween amino acids and electrolytes is dygotarization
effect and not due to charge transfer interactjdhs

Figures — 7 and 8 shows variation ifi &t 298, 303 and 308 K. It is seen thdtJalues are positive at lower volume
fraction of 1M NaCl and 1M MgGlthen becomes negative at higher volume fractioftse sign of k= play a vital
role in assessing the compactness due to molezukargement and the extent of molecular interastinrhe liquid
mixtures through charge transfer, dipole — induckole and dipole — dipole interactions [15], istéal
accommodation and orientational ordering [16], iegdo more compact structure making. Negativeif the
present investigation is an indication of strongeliactions in the liquid mixtures [17], as well Beerstitial
accommodation of sodium and magnesium chloride timoglycine and alanine. In the present investigatt is
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seen that negative/Lvalues follow the order glycine > alanine. Thisnad suggests that hetero association and
homo association of molecules decrease with elgbttis

The values of £ becomes more positive and those of kalues becomes more negative with increase of
temperature, which may be due to thermal dissaciaif the homo and hetero aggregates in the limiidures and
more interstitial accommodation of electrolytes emnlles into amino acids at higher temperatures.ekbess value

of L being negative indicates a strong interaction @amino acids — electrolytes solutions. Howeves,dkcess
value in free length shows positive values and ¢hanges are very small. The positive value indgdtet
interactions between electrolytes (salt) and amaicid is not very strong. The excess value for fezgth worked

out for amino acid — electrolytes mixture shows aieg value beyond x- 0.4 and the negative valuepke
increasing beyond that point. This shows that therest have been a strong interaction in the amicid a
electrolytes.

For the mixtures of amino acid with electrolytes® kalues are positive at lower vol. fraction of elelytes
solution. An inversion in sign from positive to radige is found with increase in volume fraction &irthe systems.
The positive F arises due to breaking of H — bonds in the salbeated amino acids. Again the values gfdre
more negative for the system comprising Mg&$ compared to the system comprising NaCl, suggdbat the
strong interactions occur between amino acids ag€Ip while weak interactions between the amino aciu$ a
NacCl.

10. Excess relative association (R):

The variation of excess relative association fumctivith volume fraction (x) is mention in Tables; 8 and
graphically depicted in Figures —9 and 10. Figstesw that RFis small but negative for the system (1M Alanine +
1M NaCl). But the values of & are high and more negative for the system (1M i+ 1M MgCh). RaF is
positive for liquid mixtures as the volume fractiorcreases as per Tables. The negative value,bfsBygests
significant interactions between the component mdés in the mixture, forming donar — acceptor clexp
between amino acid and electrolytes molecules. Assalt there is contraction in volume, resultingniegative
values of RF with x. The positive values of & for the system suggest the presence of weak iritenabetween
unlike molecules.

In case of alanine based system, the values,\0BFe positive over the entire range of volume foacexcept at x —
1.0, suggest that there are weak interactions lezhanine and NaCl. But the values qf Rre more negative for
the alanine — MgGlsystem at lower volume fractions indicating renadlle strong interaction between component
molecules. As volume fractions increases, themistrong interaction between them as shown inTig.

Table-1: Variations in thermodynamic parameters wit various concentrations (x) for the system
(1M Alanine + 1M NacCl) at different temperatures ard at frequency of 2 MHz.

Vol. fract. u p n px10*° Zx16 L R
) m/s Kg/nt N s it mN? N it °A

298.15K
0.0 1541.28 1050.8 0. 992384.01000 1.61957 0.41200 .00@00
0.2 1542.88 1053.6 1.10089 3.99000 1.62557 0.41100 .00231
0.4 1544.96 1056.0 1.11728 3.97000 1.63147 0.41000 .00415
0.6 1550.00 1058.8 1.14083 3.93000 1.64114 0.40800 .00262
0.8 1569.20 1062.0 1.16882 3.82000 1.66649 0.40400 .00872
1.0 1570.60 1048.4 1.28548 3.87000 1.64661 0.40200 .00691

0.0 1560.48 1047.6 0. 930453.92000 1.63475 0.41100 1.00000
0.2 1566.32 1048.0 1.04089 3.89000 1.64150 0.409000.99913
0.4 1568.48 1052.8 1.05430 3.86000 1.65129 0.408001.00325
0.6 1570.32 1054.0 1.05182 3.85000 1.65517 0.407001.00393
0.8 1576.00 1055.2 1.08799 3.82000 1.66299 0.405001.00400
1.0 1578.00 1061.2 1.18719 3.78000 1.67457 0.404001.00671

0.0 1577.40 1044.4 0. 874453.85000 1.64743 0.41100 1.00000
0.2 1578.2 1046.4 0.@%4 3.84000 1.65142 0.410001.00174
0.4 1581.92 1050.8 0.96734 3.80000 1.66228 0.408001.00516
0.6 1583.30 1050.8 0.97496 3.80000 1.66373 0.408001.00587
0.8 1584.00 1051.6 1.02355 3.79000 1.66573 0.408001.00549
1.0 1587.40 1058.8 1.09829 3.75000 1.68073 0.405001.00654

u = Ultrasonic velocityp = Density;n = Viscosity; = Adiabatic Compressibility;
Z = Acoustic impedance; ; E Intermolecular free length; R= Relative association
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Table-2: Variations in thermodynamic parameters wit various concentrations (x) for the system
(1M Alanine + 1M MgCl,) at different temperatures and at frequency of 2 NHz.

Vol. fract. u p n px10%° 7x16 I R
) m/s Kg/ N s m? mN?t N n? %A
298.15K
0.0 1544.96  1050.8 1.203593.99000  1.62344 0.41100 .00Q00
0.2 1564.56  1065.8 1.2223 3.86000  1.65655 0.404001.00338
0.4 1565.44  1061.2 1.2863 3.85000  1.66124 0.403001.00547
0.6 1576.40  1074.4 1.Z855 3.75000  1.69368 0.398001.01561
0.8 1589.70  1082.0 1.3238 3.66000  1.72005 0.393001.01993
1.0 1598.80  1092.4 1.3824 3.58000  1.74652 0.389001.02778
303.15K
0.0 1570.32  1048.0 1.097133.87000  1.64569 0.40800 .00Q00
0.2 1582.24  1057.2 1.1882 3.78000  1.67274 0.403001.00623
0.4 1582.80  1059.6 1.1606 3.77000  1.67713 0.403001.00840
0.6 1588.80  1071.2 1.1872 3.70000  1.70192 0.399001.01815
0.8 1597.20  1080.0 1.2034 3.63000  1.72497 0.395001.02472
1.0 1616.20  1090.4 1281 3.51000  1.76230 0.389001.03051
308.15K
0.0 1585.92 1046.4 1.01825 3.80000  1.65950 0.40865 00Q00
0.2 1587.40 1056.4  1.061.53 3.76000  1.67692 0.401661.00924
0.4 1587.90 1058.0  1.07982 3.75000  1.67999 0.399781.01066
0.6 1598.50 1069.2  1.09832 3.66000  1.70911 0.391781.01191
0.8 1607.60 1078.0 1.11706 3.59000  1.73299 0.387651.02554
1.0 1616.40 1087.6  1.12314 3.52000  1.75799 0.382721.03279

u = Ultrasonic velocityp = Density;, = Viscosity; = Adiabatic Compressibility;
Z = Acoustic impedancej E Intermolecular free length; R= Relative association;

Table-3: Variations in excess thermodynamic paramet's with various concentrations (x) for the
System (1M Alanine + 1M NacCl) at different temperatires and at frequency of 2 MHz.

Vol. fract. fu pEx10™° x10° 3 RE
x) m/s 2t N A °A
298.15K
0.0 -29.320 0.14000 -0.02104 0.00800 0.00854
0.2 -21.856 0.09200 -0.01563 0.00540 0.00914
0.4 -13.912 0.04400  -0.00432 0.00280 0.00927
0.6 -03.008 -0.02400  0.01075 -0.00080 0.00913
0.8 -22.056 -0.16200  0.04151 -0.00840 0.00632
1.0 -29.320 -0.14000  0.02704 -0.00800 -0.00854
303.15K
0.0 -17.520 0.14000  -0.03982 0.00700 -0.00921
0.2 -08.176 0.08200  -0.02510 0.00360 -0.00823
0.4 -02.512 0.02400  -0.00735 0.00120 -0.00227
0.6 -02.832 -0.01400  0.00443 -0.00120 0.00031
0.8 12.016 -0.07200  0.02027 -0.00460 0.00208
1.0 17.520 -0.14000  0.03982 -0.00700 0.00921
308.15K
0.0 -10.000 0.10000  -0.03330 0.00600 -0.01165
0.2 -07.200 0.07000  -0.02265 0.00380 -0.00578
0.4 -01.480 0.01000  -0.00513 0.00060 -0.00183
0.6 01.900 -0.01000  0.00298 -0.00060 0.00021
0.8 04.600 -0.04000  0.01164 -0.00180 0.00316
1.0 10.000 -0.10000  0.03330 -0.00600 0.00654

uF = Excess ultrasonic velocity,." = Excess adiabatic Compressibility: z Excess acoustic impedance;
L{ = Excess intermolecular free length;5R= Excess relative association.
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Table-4: Variations in excess thermodynamic paramet's with various concentrations (x) for the
System (1M Alanine + 1M MgC}) at different temperatures and at frequency of 2 NHz.

Vol. fract. & BLx 10%° Fx 10 E RE
x) m/s Nt N °A
298.15K
0.0 -53.840 0.41000 12308 0.02200 -0.02778
0.2 -23.472 0.19800 06335 0.01060 -0.01884
0.4 -11.824 0.10600 03804 0.00520 -0.01119
0.6 09.904 -0.006 0.02100 -0.00420 0.00449
0.8 33.972 -0.24800 07099 -0.01360 0.01437
1.0 53.840 -0.41000 12308 -0.02200 0.02778
303.15K
0.0 -45.880 0.36000 -0.11661 0.01900 -0.03051
0.2 -24.784 0.19800 0ed23 0.01020 -0.01817
0.4 -15.048 0.11600 03852 0.00640 -0.00990
0.6 00.128 -0.02600 22058 -0.00140 0.00594
0.8 17.704 -0.16800 05395 -0.00920 -0.98138
1.0 45.880 -0.36000 11661 -0.01900 0.03051
308.15K

0.0 -30.480 0.28000 0.09849 0.01400 -01382
0.2 -22.904 0.18400 -0.06137 0.01020 -0.01699
0.4 -16.308 0.11800 -0.03860 0.00640 -0.00901
0.6 00.388 -0.02800 0.01021 -0.00040 -0.00120
0.8 15.584 -0.15400 0.05379 -0.00720 0.01898
1.0 30.480 -0.28000 0.09849 -0.01400 0.03279

uF = Excess ultrasonic velocity,® = Excess adiabatic Compressibility; z Excess acoustic impedance;
L{ = Excess intermolecular free length;5R= Excess relative association.

Excess ultrasonic velocity
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Fig. 1 — Plot of Excess Ultrasonic Velocity ) against vol. fraction (x) for the system
(1M Alanine + 1M NacCl) at 2 MHz and at 298.15, 3035, 3 08.15K temperatures.
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Excess ultrasonic velocity

Excess adiabatic compressibility
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Fig. 2 — Plot of Excess Ultrasonic Velocity f) against vol. fraction (x) for the system
(1M Alanine + 1M MgCl,) at 2 MHz and at 298.15, 303.15, 3 08.15K tempetaes.
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Fig. 3 — Plot of excess adiabatic compressibilitygainst vol. fraction (x) for the system
(1M Alanine + 1M NaCl) at 2 MHz and at 298.15, 3035, 3 08.15K temperatures.
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Fig.-4
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Fig. 4 — Plot of excess adiabatic compressibilitygainst vol. fraction (x) for the system
(1M Alanine + 1M MgCl,) at 2 MHz and at 298.15, 303.15, 3 08.15K tempetaes.
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Fig. 5 — Plot of excess acoustic impedance agaiwet. fraction (x) for the system
(1M Alanine + 1M NacCl) at 2 MHz and at 298.15, 3035, 3 08.15K temperatures.
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Fig.-6
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Fig. 6 — Plot of excess acoustic impedance agaiwet. fraction (x) for the system
(1M Alanine + 1M MgCl,) at 2 MHz and at 298.15, 303.15, 3 08.15K tempetaies.
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Fig. 7 — Plot of excess intermolecular free lengthgainst vol. fraction (x) for the system
(1M Alanine + 1M NacCl) at 2 MHz and at 298.15, 3035, 3 08.15K temperatures.
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Fig.-8
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Fig. 8 — Plot of excess intermolecular free lengthgainst vol. fraction (x) for the system
(1M Alanine + 1M MgCl,) at 2 MHz and at 298.15, 303.15, 3 08.15K tempetaies.
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Fig. 9— Plot of excess relative association againatl. fraction (x) for the system
(1M Alanine + 1M NaCl) at 2 MHz and at 298.15, 3035, 3 08.15K temperatures.
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Fig.-10
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Fig. 10 — Plot of excess relative association agsirvol. fraction (x) for the system
(1M Alanine + 1M MgCl,) at 2 MHz and at 298.15, 303.15, 3 08.15K tempetaes.

CONCLUSION

Ultrasonic velocity, density and viscosity have meeeasured for NaCl and MgGh aqueous alanine solution at
308 K. The variation in ultrasonic velocity, degsiind viscosity and other related thermodynamieaupters such
as adiabatic compressibilitg ), acoustic impedance (Z), intermolecular free tar(g;), relative association (f of
NaCl & MgCl, at various concentrations in both the alanine setlasystems, shows the non-linear increase or
decrease behavior. The non linearity confirms thesgnce of solute-solvent, ion-ion, dipole-dipatm-solvent
interactions. The observed molecular interactiammglex formation, hydrogen bond formation are resjue for
the heteromolecular interaction in the liquid mietu This provides useful information about interd aimtra
molecular interactions of liquid systems. It iscat®ncluded that ultrasonic velocity of system éases depending
on the structural properties of solutes. It is walbwn that solutes causing electrostriction leadécrease in the
compressibility of the solution. Hydrophilic solateften show negative compressibility, due to drdpethat is
induced by them in water structure. The solute thetteases the ultrasonic velocity is of structoraker (SM). It
has been observed that intermolecular free lengtinedses linearly on increasing concentration®lotes in the
systems. The variation in ultrasonic velocity, dgnand viscosity as well as the related thermodyicgparameters
are more in the system containing Mg&$ compared to the system having NaCl due toiteéenit cation (M¢*")

of MgCl,. As a matter of fact, the effect of MgQin the electrostriction of water molecules is sgrer than that of
1:1 electrolytes i.e. NaCl. Thermodynamic excess tions are found to be very sensitive towards mutual
interactions between component molecules of theidignixture. The sign and the extent of deviatidntteese
functions from ideality depend on the strengthndéiactions between unlike molecules.
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