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ABSTRACT

The measurements of density, viscosity and veloaitg been determined by experimental proceduiiag specific
gravity bottle, Ostwald’s viscometer and ultrasoimiterferometer technique at frequency of 2 Midd at constant
temperatures of 303.15,308.15 and 313.15K respgtiitrasonic velocities (u), densities) @nd viscosities#)
have been measured for the binary liquid systemM KaCl+1M Serine). Using experimental data, derived
thermodynamic parameters such as adiabatic comimiéigs (5,), intermolecular free length {), acoustic
impedance (z), and relative association)(Rave been computed using standard formulae. €helts have been
interpreted on the basis of variations in thermaaiyic parameters and excess parameters. The vamgtio
ultrasonic velocity and adiabatic compressibilitittwconcentrations in these liquid systems at fesury of 2 MH
and at all temperatures shows a similar trend ofréasing ultrasonic velocity and decreasing in &ditic
compressibility of the constituent amino acids. iAgshis is due to complex formation and coordinatalent
bonds formed between the molecules of the liquxduneis. Excess thermodynamic parameters i.e. exakabatic
compressibility £.5), excess intermolecular free length f), excess acoustic impedanc)(and excess relative
association () have been calculated. The presence of ion —sohyte — solvent (Amino acid, electrolyte and
water) interactions is noticed in the mixed aquesystems.

Key words: Ultrasonic Velocity; Excess Adiabatic CompressiijliExcess Intermolecular Free Length; Excess
Acoustic Impedance; Excess Relative Association.

INTRODUCTION

Amino acids and peptides are used as probe moktaleinderstand the complex nature of proteins.réllse
information on the zwitter-ionic nature of aminddzcin water in the literatuté The properties of proteins such as
their structure, solubility, denaturation, activigf enzymes, etc, are greatly influenced by eléged®. An
electrolyte, when dissolved in water, perturbsatrangement of water molecules with the strongtetefield of its
ions. This property of electrolyte known as struetmaker or breaker has been widely used to uradetshe effect
of electrolytes on the structure and function othbproteins and nucleic acidsin the past, thermodynamic
properties of amino acids in dilute electrolyteusioins have been studied in order to understanddh®plex nature
of proteins using amino acid-ion interactidrnsThere are instances where high concentrationsecfrelytes can
affect the function and structures of protéit§ lon-ion and ion-amino acid interactions dominatesuch
situations. The thermodynamics of interaction afcantrated NacCl in dilute amino acids have beenrtegd in the
literaturé®*% How the ion-ion and ion-amino acid interactiongdther with ion-water and amino acid-water ones
are altered in concentrated electrolyte and conatsat amino acid solutions is the object of curieméstigations.
Information is available on activity coefficientgnthalpies and heat capacities of aqueous aminds dai
electrolyte$®*® To our knowledge no systematic efforts have beede to the ion-ion and ion-amino acid
interactions in concentrated electrolyte solutions.
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Excess thermodynamic parameters have been foubd highly useful in elucidating solute-solvent naietions in
agueous solutions and binary mixtures. Thermodyoartess functions are found to be very sensitiveatds
mutual interactions between component moleculethefliquid mixture. The sign and the extent of d&wain of
these functions from ideality depend on the stiemdtinteractions between molecdfe€xcess parameter play a
vital role in assessing the compactness due toqulalearrangement and the extent of molecular actens in the
liquid mixtures through charge transfer, dipole rédiced dipole and dipole-dipole interactions, istigal
accommodation and orientation ordering, leadingrimre compact structure making. Derived parametens f
ultrasonic velocity measurement and correspondktgss functions provide qualitative informationaeting the
nature and strength of interactions in liquid miesu

EXPERIMENTAL SECTION

All the chemicals used were of AR grade and drieer @nhydrous Cagin desiccators before use. All solutions
were prepared in deionizer and distilled water &bsgd by boiling), having specific conductivityo® S cm’. The
stock solutions of 1M concentration were prepargavbighing the serine on a digital balance withagouracy of
+ 1 x 10* g. Solutions of NaCl is made by mass on the nfohetion scale. Uncertainties in solution
concentrations were estimatectatl x 10° mol kg-1 in calculations. The solutions were kiepthe special air tight
bottles and were used within 12 hrs. After prepanato minimize decomposition due to bacterial teomnation.
Ultrasonic velocity was measured with a single @lyinterferometer (F-81, Mittal Enterprises, Nevelhi) at
2MHz The interferometer was calibrated againstutti@sonic velocity of water used at T = 303.15KeTpresent
experimental value is 1508.80 thwhich is in good agreement with literature vah#&1509.55 ms.

Accuracy in the velocity measurement was 1.0'nihe density measurements were performed witHibeated
specific gravity bottle with an accuracy of ~ 2¥1Kg m*. An average of triple measurements was taken into
account. Sufficient care was taken to avoid anybalble entrapment. Viscosity was measured withlite@ated
Ostwald type viscometer. The flow of time was meeduwith a digital stop watch capable of registgriime
accurate to 0.1 s. An average of three or fotg gbflow of times for each solution was taken floe purpose of
calculation of viscosity. The accuracy of the viEtp measurements was 0.5 %. Accuracy in experiahe
temperature was maintained at 0.1K by meansesfitbstatic water bath.

RESULTS AND DISCUSSION

Ultrasonic velocity, density and viscosity of thiguid systems have been measured. Using these thega,
thermodynamic parameters such as the adiabatic ressipility (3a); intermolecular free length {t acoustic
impedance (z) and relative association,)(Rvere investigated for six different vol. fractorof 1M NaCl at
frequency 2 MH and at constant temperature 303.15,308.15 & 3K3.EBom the experimental data of densiby, (
viscositgzhz)5 and ultrasonic velocity (u), the thermodynamicgmaeters have been calculated by using the follgwin
relations”

Ultrasonic velocity T 1 G — (1)
Adiabatic compressibility  f,= 1/ p  -----mmmmmmeev )
Intermolecular free length  {EK/up ---------m---- ©)
Acoustic impedance y 20 ) I — (4
Relative association AR/ po). (U ! u ) -(5)

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

The excess parametersuch as § B5, Z, L5, and RF have been calculated using the following equaffons

Excess ultrasonic velocity E B Unix - [(1- X) Wt X W] -mmmmmmmmmmm e (6)

Excess adiabatic compressibilit," = Bamix - [(1- X) Bar + XPad ~ =--==----==--- )
Excess acoustic impedance = =Zpy - [(1-X) . + X 2] —----mmmmmmmmeeen 8)
Excess intermolecular free length E Liyix - [(1-X) Ly L+ X Ly ] =--mmmm- 9)
Excess relative association AR Ramix - [(1-X) Ra 1 + X Rag]  ==----- (10)

Where, x- represents vol. fraction of the comporamd subscript 1 and 2 stands for components 1 BoP.the
amino acids - electrolytes liquid system(1M NaClM Serine) ultrasonic velocity (u), densitp)(and the
coefficient of viscosity1{ ) for various volume fractions have been measatdcequency of 2 MEand at constant
temperature of 303.15,308.15,313.15K. The experiahemlues of up, n, are given in Table—1, thermo dynamical
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parameters for the system (1M NaCl+ 1M Serine) &I&&® thermo dynamical excess parameters for thesy

(AM NaCl+ 1M Serine). The data obtained are usedetwaluate thermodynamic parameters suchfas

, Z, L, and R which is included in the Tablel. Using these expental and computed data, excess parameters such
as excess ultrasonic velocity¥uexcess adiabatic compressibili.Y), excess acoustic impedancé)(zxcess
intermolecular free length (f) and excess relative association,{Rhave been computed. The values of excess
parameters have been presented in Table — 2. Hph grlotted of excess parameters versus vol. dradt) for
liquid system as shown in Figure: -1 to 10.

Table-1: Variation of thermodynamic parameters at dfferent volume fraction (x) and different temperatures for the system (1M
NaCl+1M Serine) at 2MHz

Vol.fra u p n px10* zx16 le R
(x) ms$ kgm?  Nm’s MmN Nn? A
303.15K
0.0 | 1554.50 1056 1.042¢ 3.9188 1.64155 0.41¢88 0295
0.2 1561.70 1058 1.0507 3.8754 1.652P8 0.40869 06DS
0.4 | 1568.00 1060 1.057¢§ 3.8371 1.66208 0.40657 12MY
0.6 1570.04 1062 1.0604 3.8199 1.66738 0.40398 2IDY
0.8 1575.10 1061 1.071 3.7889 1.675P0 0.40398 35®Y
1.0 | 1586.08 1066 1.010 3.7220 1.69076 0.40080 1253
308.15K
0.0 | 1568.00 1054 0.947§ 3.8589 1.65267 041141 9884
0.2 1571.70 1055 0.9561 3.8371 1.658[14 0.41025 00%Y
0.4 | 1571.00 1058 0.9541 3.8151 1.665P9 0.40907 25D
0.6 1579.08 1060 0.9691 3.7834 1.673f1 0.40737 3384
0.8 1581.00 1062 0.985 3.7671 1.67902 0.40649 4904
1.0 | 1588.07 1064 0.9911 3.72G7 1.6890 0.40430 53M45
313.15K
0.0 | 1572.88 1052 0.9227 3.8423 1.672P7 0.41360 9344
0.2 1587.04 1053 0.944 3.8136 1.70748 0.41205 9194
0.4 1582.07 1055 0.9681 3.7870 1.744)2 0.41061 0294
0.6 1584.88 1058 0.9802 3.7629 1.770R0 0.40930 26045
0.8 1586 1060 0.9825 3.748)D 1.80087 0.40849 1.05428
1.0 | 1588.04 1063 0.9909 3.0732 1.842‘{58 0.40752 69DH

Where u, ultrasonic velocity, density of the solutions,viscosity of solutionfa, adiabatic compressibility;:Lintermolecular free length; R
relative association; z, acoustic impedance.

Table-2: Variation of Excess parameters at differenvolume fraction (x) and different temperatures fa the system (1M NaCl+1MSerine)

at 2 MHz
uF BFx10?! Z x10° LE R.E
ms—l Nm—Z AO f A
303.15K
44.4000 | -0.51260| 0.13784 | -0.02467| 0.05316
-6.65456| -0.07836| 0.02787 | -0.00240| 0.02372
-3.07928| -0.06213 0.0117 -0.00167 0.01640
-75.7444| 0.43432| -0.1376p 0.02564 -0.01719
-108.680| 0.59783] -0.1852p 0.03484 -0.01968
-128.256| 0.89628| -0.2516L 0.04331 -0.035354
308.15k
45.9000 | -0.4835( 0.1397 -0.02501 0.04984
2.91784 | -0.10514 0.06438 -0.00560 0.00255
-6.45059| -0.02651 0.0179 -0.00141 -0.00927
-70.3463| 0.41574| -0.1285p 0.02312 -0.07558
-108.425| 0.59106| -0.1890f 0.03341 -0.09639
-134.448| 0.73295| -0.25718 0.04219 -0.12868
42.8800 | -0.4640(¢ 0.15521 -0.02426  0.05070
3.55472 | -1.11487 0.0939%5 -0.00658 0.02734
-7.61371| -0.02801 0.09561 -0.001%1 0.01922
-70.0156| 0.40859 -0.0333L 0.02293 -0.01395
-105.118| 0.56701] -0.06133 0.03220 -0.01425
-179.305| 0.88390, -0.1481f¢ 0.05124 -0.02317

Where, fi = Excess ultrasonic velocitga "= Excess ad. compressibilitf;=Excess acoustic impedancg5Excess intermolecular free
length; RE = Excess relative association.

53



Shilpa Mirikar et al J. Chem. Pharm. Res,, 2013, 5(9):51-59

1590 Fig-1 395 Fig-2
. 1585 z
@ z
E 1530 £ 39
3 N
= 1575 a
£ = 3.85
=] (=%
g 1570 z
£ 1565 2 38
Q wn
——303.15K
Z 1560 —+—303.15K g 208 1o
= —B—308.15K £ 3.75 —&—308.
1555 313.15K S \ 313.15K
- -
1550 : : | < 37 . . .
0 0.5 1 1.5 0 05 1 15
vol.fra.(x) vol.fra(x)

Fig. 1- Plot of ultrasonic velocity (u) against vaime fraction (x) of the system (1M NaCl + 1M seringat2 MHz and 303.15,
308.15 and 3013.15K temperatures

Fig. 2- Plot of adiabatic compressibility f.) against volume fraction (x) of system (1M NaCt 1M serine) at 2MH, and
303.15, 308.15 and 3013.15K temperatures
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Fig. 3-Plot of acoustic impedance (z) against vahe fraction (x) of system(1M NaCl + 1M serine) a2MH ,and 303.15,
308.15 and 3013.15K temperatures

Fig. 4- Plot of intermolecular free length (L) against volume fraction (x) of the system (1M NalG+ 1M serine) at 2MH, and
303.15, 308.15 and 3013.15K temperatures

Ultrasonic Velocity (u):

The ultrasonic velocity (u) for amino acid elecytels solutions at 2MHfrequency and at different temperatures
have been determined using relation (1) and preddantTables 1thermo dynamical parameters for ystem (1M
NaCl + 1M Serine) &Table-2 thermo dynamical excpasameters for the system (1M NaCl + 1M Serined, th
variations in ultrasonic velocity in liquid mixtwsedepend on concentration (x) of solutes and teatpess.
Ultrasonic velocity (u) is related to, intermoleaufree length. As the free length decreases duketdncrease in
concentrations of solutes, the ultrasonic velotifs to increase. The experimental results suppertabove
statement in four liquid systems. Consequentlyaatinic velocity of system increases dependincherstructural
properties of solutes. The solute that increasesiltirasonic velocity is structure maker.

The variations in ultrasonic velocity and adiabatompressibility with concentrations in these ldjgystems at
frequency of 2 MH and at all temperatures shows a similar trerid@®asing ultrasonic velocity and decreasing in
adiabatic compressibility of the constituent amawds. Again, this is due to complex formation adrdinate
covalent bonds formed between the molecules ofdba mixtures.
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From Tables-1 & 2 ultrasonic velocity increaseshwitcrease with increase in concentrations of soliM serine)
in liquid system investigated such as (1M NaCl + 4&line). When NaCl is dissolved in solution, sledium ion
(Na") has a structures breaking effect, would disringt water structuf® This makes the liquid medium less
compressible and hence the ultrasonic velocityeiases above that of pure value.

Adiabatic Compressibilityp)

When an aqueous amino acids solution is addedltd alectrolytes (solvent), it attracts certain solymolecules
towards itself by wrenching the molecules from bofkhe solvent due to the forces of electroswittiDue to this
the volume available in solvent molecule for thetrincoming ion gets decreaséd The calculated values df,]
have been presented in Tables1 and 2.

Acoustic Impendence (z)

Acoustic impedance (z) is found to be almost inelgrproportional to the adiabatic compressibiliy)( Specific
acoustic impendence is calculated by using eastandard relation (4). The calculated values ofi(g) mention is
Tables 11thermo dynamical parameters for the sy§i&iNaCl + 1M Serine) &Table-2 thermo dynamicatess
parameters for the system (1M NaCl + 1M SerinejFieig- 3&8, it is observed that acoustic impendénce
increases for different volume fractions. Acoustipedance becomes either maximum or minimum depgnain
the concentrations and different temperattirebhis is the stage where complex formation isrtgkplace in the
liquid system due to increased electrolytes — ana@nils interaction. For a given concentration tladues of
acoustic impendence (z) increases with increasemeentration in liquid system (1M NaCl + 1M sejila@d. It is
in good agreement with the theoretical requiremdrgsause ultrasonic velocity increases with in@eas
concentrations of solutes in liquid mixtures. Therease in (z) with increase in concentrationsotdites can be
explained in terms of inter and intra moleculaerattions between the molecules of liquid systerhss indicates
significant interaction in liquid system. From Tebl thermo dynamical parameters for the systemNail + 1M
Serine) &Table-2 thermo dynamical excess paraméerthe system (1M NaCl + 1M Serine),it is seeat thalues
of acoustic impendence (z) are minimum in 1M NacCl.

Intermolecular Free Length (Ly)

The values of intermolecular free length for (IMQVla 1M serine) system have been calculated usipu@tions
(3). Increase in concentrations leads to decreagap between two species which is referred byrmiéecular free
length (L) has to decrease. Intermolecular free lengthifLa predominate factor in determining the véoia of
ultrasonic velocity in liquid mixtures. From Fig; 4nd Tables-1thermo dynamical parameters for ystem (1M
NaCl + 1M Serine) , it has been observed thatha fresent investigation, intermolecular free landgcreases
linearly on increasing volume fractions of serine Bhe decrease in;lwith increase of volume fractions in 1M
NaCl solution indicates that there are significartéractions between solute and solvent suggestiagstructure
promoting behavior of solut&s Ultrasonic velocity increases with volume fraasoof solutes indicated stronger the
intermolecular forces in the solution. This givesrease in closed packed structure of aqueous oaadidls, i.e.
enhancement of the closed structure. This providescohesion between amino acids, ions and watésames
increases. Thus the intermolecular distance deeseaith concentratioi The decrease in free length may due to
the gain of dipolar association, making up of hggno bonds in the molecules of the liquid mixtures.

Relative Association (R)

The values of relative associationafRor liquid systems (1M NaCl+ serine) a have bestimated using earlier
relation (5). The property which can be studiedutalerstand the interaction is the relative associgiR,). It is
influenced by two factors: (i) Breaking up of thesaciated solvent molecules on addition of solutié &nd (ii) The
salvation of solute molecute The former leads to the decrease and later tintrease of relative association. In
Fig- 5, Tables 1 , it is observed that the vasiatis very small and (B increases with increase in the volume
fractions (x) but decreases with temperature.

Excess Ultrasonic Velocity (f)

The values of excess ultrasonic velocity have bedoulated using the standard relation (2) andpagsented in
Tables 2 . From Table 2 thermo dynamical excesanpeters for the system (1M NaCl + 1M Serine), aigdeHt is
clear that the values of Quare positive at the beginning but becomes negatiereafter by increasing volume
fractions of 1M serine in the liquid mixture. Thelues of excess velocity decreasing. More negatitees of &

in case of (1M NaCl+1M serine) indicates that ifiteraction between 1M NaCl and 1M serine is marengjer.
Graphs shown in Fig-6 for (1M NaCl+1M serine) #fedent temperature and various volume fractioms;ess
values of () are less positive at x-0.0 then become negatitreincreasing volume fraction.

Increase in negative values ofwith x-0.3 (Fig-6) is indicative of the increagistrength of interaction between
component molecules of the mixtures. This suppautsview that the interaction between componentegudes in
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liquid mixtures is strond. Fig-6 , shows that f) values are large negative for (IM NaCl + 1M seyi Thus
interactions between the molecules of system (1/@INalM serine) are weaker.
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Fig. 5- Plot of relative association (R) against volume fraction (x) of the system (1M NalC+ 1M serine) at 2MH, and 303.15,
308.15 and 3013.15K temperatures

Fig. 6 —Plot of excess ultrasonic velocity fli against volume fraction (x) of system(1M NaGt 1M serine) at 2MH, and
303.15, 308.15 and 3013.15K temperatures
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Fig. 7- Plot of excess adiabatic compressibilityp{F) against volume fraction (x) of system (1M NaCl 4M serine) at 2MH, and 303.15,
308.15 and 3013.15K temperatures
Fig. 8—Plot of excess acoustic impedancé)against volume fraction (x) of system(1M NaCl + ¥ serine) at 2MH, and 303.15, 308.15
and 3013.15K temperatures

Excess Adiabatic Compressibility ")

Excess thermodynamic parameters have been foube taghly useful in solute-solvent interactionsaiqueous
solutions and binary mixtures. The variations imess adiabatic compressibilitp.f) with volume fractions at
different temperatures are presented in Tables@rth dynamical excess parameters for the systemNaMl +
1M Serine), and From Fig- 7 it is observed thatuakies of .- are negative at the lower volume fraction up to x-
0.4 whereas the sign inversion of h¢ values changes by increasing volume fractionOx-Ihe curves show that
the positive values of excess compressibility reaamaximum at x=1.0 volume fraction of 1M serinearf Table
2thermo dynamical excess parameters for the sy&tbhiNaCl + 1M Serine), , the values of excess casgibility
changes from negative to positive by increasingiva fractions of aqueous solutions of serine inNACI .
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These observations support the view point thattihéure has a tendency for a closer packing inittbermediate
composition range. The effect of temperature on dbmpressibility graph is in agreement with theaidbat
interaction between unlike molecules. Predominathtdyrupture of hydrogen bonded structures is thmmause of
excess compressibility. The values @f decreasés with increase in temperatures which indicates #sathe
temperature of the system is raised, the systedstimattain ideal behavior in which the valueg gt should be
zero.

This means that the system is temperature sensitiiehe interaction between the component molealgdereases
with rise of temperature. The negative valuepgf, suggest significant interactions between the ammept

molecules in the mixture, forming donor-acceptomptex between electrolytes and amino acid moleculssa

result there is contraction in volume, resultingniegative values of.", with. The positive values df.5, for the

system suggest the presence of weak interactioveketunlike molecules. The size of component mddscalmost

no equal, it seems that their molecules do not paek into each other structures. This results xpassion in

volume, and hence positipg" values.

The negative value g5 suggests significant interaction between componesiecules in the mixture forming
donor-acceptor complex between amino acids andrelgies. As a result there is contraction in voeunesulting
negative values off,-with volume fraction (x).

Excess Acoustic Impedance f:

Excess acoustic impedancé)(has been calculated using relation (4) and caledlvalues ofzare presented in
Tables 2 From Table, it is clear that the valueg-aire positive at the beginning but becomes negétiseeafter by
increasing volume fractions of 1M serine in thaillggmixtures.

Graphs shown in Fig — 8 for (1M NaCl + 1M serireg)different temperature and various volume tfoas, excess
values of Z are less positive at x — 0.4 then becomes negatith increasing volume fraction.® has more
positive values (with minimum at x-0-8) over entiange of volume fraction except x=1.0. Increasgasitive
values of Z with x-0.4 Fig- 8 is indicative of the decresgistrength of interactions between component
molecules of the mixture as suggested by Tiwaal.€This supports our view that the interactiortt@f component
molecules in liquid mixtures is wedkFig- 8 show that2values are small positive for (LM NaCl + 1M sejine

Excess Intermolecular Free Length (I5):

The changes in excess intermolecular free lengff) flave been calculated with the help of equatigB)-The
values of £ are given in the Tables — 2 thermo dynamical exgesameters for the system (1M NaCl + 1M
Serine), . The plot of ¢E) versus vol. fraction (x) and 303.15, 308.15 & ABK are shown in Fig- 9 . Lvalues
are negative at the beginning then become posiitke increasing volume fraction (x) for all thessgms at all
temperatures suggesting strong specific interastimetween amino acids and electrolytes moleculésg 9
shows variation in £ at 303.15, 308.15, and 313.15K. It is seen thatvhlues are negative at lower volume
fraction of 1M NaCl . The sign ofiEplay a vital role in assessing the compactnessa@umlecular arrangement
and the extent of molecular interactions in thaitigmixtures through charge transfer, dipole- iretliclipole and
dipole — dipole interaction§ interstitial accommodation and orientation ordgrj leading to more compact
structure making. Negative;Lin the present investigation is an indication tbisg interactions in the liquid
mixtures, as well as interstitial accommodatiorsefium chloride into the serine . This trend ssgg that hetero
association and homo association of molecules deegawith electrolytes.

The excess value of{1being negative indicates strong interaction ia #ectrolytes — amino acids solutions.
However, the excess value in free length showstigesialues and the changes are very small. Thativegvalue
indicates that interactions between electrolytedt)(&nd amino acid are not very strong. The exwvadse for free
length worked out for electrolytes-amino acids pesivalue at x-0.4 and negative value not keepmseimsing
beyond that point. This shows that there must thean strong interactions in the electrolytes — anaicids.

For the mixtures of electrolytes with amino acitlg; values are negative at lower vol. fraction of amarcids
solution. And inversion in sign from negative tosjiive is found with increase in volume fractiorr fall the
systems. The positive/Larises due to breaking of H- bonds in the selb@iased amino acids. Again the values of
L are negative for the system NaCl suggests lieastrong interactions occur between electrolytesserine.

Excess relative association (i)

The variation of excess relative association fuorctwith volume fraction (x) is mention in Tables-tl2ermo
dynamical excess parameters for the system (1M NalBil Serine), and graphically depicted in Fig 0 .1Figure
show that RF is more positive for the system (1M NaCl +1Mseji At beginning values R is positive for

57



Shilpa Mirikar et al J. Chem. Pharm. Res,, 2013, 5(9):51-59

liquid mixtures as the volume fraction increasestaix= 0.4 as per Tables. The negative value gf figgests
significant interactions between the component mdés in the mixture, forming donor — acceptor ctamp
between amino acid and electrolytes molecules. Assalt there is contraction in volume, resultimgniegative
values of RF with x. The positive values of R for the system suggest the presence of weak iienabetween
unlike molecules.
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Fig.C9- Plot of excess intermolecular free length_¢F) against volume fraction (x) of system (1M NaCl 4M serine) at 2MH,
and 303.15, 308.15, 3013.15K temperatures

Fig.C10-Plot of excess relative association {R against volume fraction (x) of system(1M NaCl+1Mserine) at 2MH, and
303.15, 308.15 and 3013.15K temperatures

CONCLUSION

Ultrasonic velocity, density and viscosity haveeheneasured for serine and valine in aqueous NsdDltion at
303.15,308.15 and313.15K. The variation in ultrésorelocity, density and viscosity as well as theated
thermodynamic parameters such as adiabatic conipititégg ), acoustic impedance (z), intermolecular free feng
(Ly), relative association (@ of serine at various concentrations and tempegat The variation in ultrasonic
velocity, density and viscosity and other relatb@érinodynamic parameters shows the non-linear iserea
decrease behavior. The non linearity confirms thesgnce of solute-solvent, ion-ion, dipole-dipatm-solvent
interactions. The observed molecular interactiamplex formation, hydrogen bond formation are resjue for
the hetero molecular interaction in the liquid rane. This provides useful information about interdantra
molecular interactions of liquid systems. It iscatoncluded that ultrasonic velocity of system éases depending
on the structural properties of solutes. It is vkelbwn that solutes causing electrostriction leadécrease in the
compressibility of the solution. Hydrophilic solst®ften 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 lengtihedses linearly on increasing concentration®loitess in the
systems. The excess parameters such as excesoniltraelocity (f); excess adiabatic compressibilit.9);
excess acoustic impedancé)(zxcess intermolecular free lengthSjLand excess relative association{Rhave
been studied in this investigation. These excessnthdynamic parameters threw more light on the oubde
interactions such as hydrogen bonding, ion — ion,-+ solvent, solute — solvent interactions in agsesolutions
and binary mixtures.
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