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ABSTRACT

The ultrasonic velocity(u), density(p) and viscosity (y) have been measured for mixed aqueous systems (water
+NaCl+ serine) & (water+ MgCl, + serine ) at 303.15,308.15 &313.15K at 2MHz From experimental data
thermodynamic parameters such as adiabatic compressibility(s,),acoustic impedance (), intermolecular free length
(Ly), relative association (Ra) have been estimated using the standard relations. The results have been analyzed on
the basis of variations of thermodynamic parameters. These parameters were used to study the ion-solvent
interaction present in each solution.

Keywords: ultrasonic velocity(u), density], viscosity {)),acoustical parameters.

INTRODUCTION

Amino acids and peptides are used as probe moktaleinderstand the complex nature of proteins.relie
information on the zwitter-ionic nature of aminddacin water in the literatuté. The properties of proteins such as
their structure, solubility, denaturation, activiof enzymes, etc, are greatly influenced by eléyted®. An
electrolyte, when dissolved in water perturbs tiraregement of water molecules with the strong akeéield of its
ions. This property of electrolyte known as struetmaker or breaker has been widely used to uradetdhe effect
of electrolytes on the structure and function othbproteins and nucleic aciddn the past, thermodynamic
properties of amino acids in dilute electrolyteusioins have been studied in order to understanddh#lex nature
of proteins using amino acid-ion interactidrisThere are instances where high concentrationdectrelytes can
affect the function and structures of protéit$ lon-ion and ion-amino acid interactions dominatesuch
situations. The thermodynamics of interaction aicamtrated NaCl in dilute amino acids have beebortegd in the
literaturéd®™*. How the ion-ion and ion-amino acid interactiongether with ion-water and amino acid-water ones
are altered in concentrated electrolyte and conaat amino acid solutions is the object of curieméstigations.
Information is available on activity coefficientgnthalpies and heat capacities of aqueous amingds doi
electrolyte$® To our knowledge no systematic efforts have beee to the ion-ion and ion amino acid
interactions in concentrated electrolyte solutions.

MATERIALSAND METHODS

All the chemicals used were of AR grade and drieer @nhydrous CaCl2 in desiccators before usesdilitions
were prepared in deionized and distilled water édsgd by boiling), having specific conductivity&°B cni*. The
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stock solutions of 1M concentration were prepargdvbighing the serine on a digital balance withaanuracy of
+ 1 x 10* g. Solutions of NaCl & MgGlwere made by mass on the mole fraction scale. ithinges in solution
concentrations were estimated at + 1 X ol kg" in calculations. The solutions were kept in thecsal air tight
bottles and were used within 12 hrs after prepamatd minimize decomposition due to bacterial coniteation.
Ultrasonic velocity was measured with a single @lyinterferometer (F- 81, Mittal Enterprises, N&elhi) at
2MHz The interferometer was calibrated againstulti@sonic velocity of water used at T = 303.15KeTpresent
experimental value is 1508.80 Mmwhich is in good agreement with literature val&9.55 m3. Accuracy in the
velocity measurement was * 1.0 mhe density measurements were performed witHibeated specific gravity
bottle with an accuracy of + 2xf(kg m*. An average of triple measurements was takenantmunt. Sufficient
care was taken to avoid any air bubble entrapm¥igcosity was measured with recalibrated Ostwaldety
viscometer. The flow of time was measured withgitdi stop watch capable of registering time acmuta + 0.1 s.
An average of three or four sets of flow of times &€ach solution was taken for the purpose of taticuin of
viscosity. The accuracy of the viscosity measurdmevas + 0.5 %. Accuracy in experimental tempeeatuas
maintained at + 0.1K by means of thermostatic waéth.

Theory and calculations

From the measured values ultrasonic velocity(apsityp) and viscosity1f) various acoustical parameters such
as the adiabatic compressibilify),acoustic impedance (z), intermolecular free Ier(@it) and relative association
(Ra) were calculated by using the following relatit

Ultrasonic velocity (u) = nk Q)
Adiabatic compressibility Q) = 1/fp 2)
Acoustic impedance (2) =pu. 3)
Intermolecular free length (=K /up'? (4)
Relative association BR= (0 /po)- (U / u)*? (5)

Where, K is the temperature dependant Jacobsorardifis

The values of K x 1Dare taken as 207.556 x4209.431 x 1§ and 211.306 x THat 303.15 ,308.15and 313.15K.
T is the absolute temperaturg, p and 4, u are the density and ultrasonic velocity of salvand solution
respectively.

RESULTSAND DISCUSSION

The experimentally measured values of ultrasoeioaity (u), density ) and viscosity ) of the solutions and
calculated values of acoustical parameters suchadiabatic compressibility p&),acoustic impedance (z),
intermolecular free length {Land relative association {Rare reported in Table -1 for the systems (watBiaCl
+serine) and Table — 2 for the system (water+ MgCséerine) respectively, and the graph plotted édirasonic
velocity(u),adiabatic compressibility4),acoustic impedance (z), intermolecular free len@t) and relative
association () at different temperatures and various concewinatiat 2 MH frequency for the systems (water +
NaCl+ serine) are shown in Fig. -1 to Fig. -5 aodthe systems (water+ MgCt serine) are shown in Fig. -6 to
Fig. — 10 respectively.
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Table:-1 Variation of thermodynamic parametersat different mole fractions (x) and different temperaturesfor the system (Water +
NaCl + Serine) at 2MHz

303.15K
m u p n Bx10-10 | zx10° L¢ R
molkg? | ms-1 | Kgm® | Nm-2s | m2N-1 | Nm? A0 "

0.00( 1551.8( | 1058.1: | 1.0619¢ | 3.9250: | 1.6418( | 0.4112( | 1.0528!

0.00¢ 1564.8¢ | 1064.5¢ | 1.1626¢ | 3.8307: | 1.6681¢ | 0.4062 | 1.057 8!

0.017 1593.18 1078.71 1.37615 3.654[72 1.71745 @896 1.06339

0.026 1601.16 1081.52 1.55944 3.60831 1.73D85 Q&394 1.06458

0.034 1618.12 1087.01 1.61528 3.51368 1.75890 0389 1.06674
L 2

0.043 1651.64 1094.0 1.8771 3.35085 1.80p89 ©4879 1.06630
308.15K
n 6
m u p Bx10-10 | zx10 Lf
1 3 Nm-2s 2 RA
mol kg ms-1 Kgm 303.15K m2N-1 Nm AO
0.000 1560.51] 1055.11 0.98731 3.89242 164634 091131.05255
0.008 1574.200 1063.22 1.07613 3.796R21 167697 051080.06534
0.017 1603.15 1068.12 1.09777 3.64314 171p19 04997.06552
0.026 1613.80, 1080.25 1.18695 3.55532 174P90 08B948.07749
0.034 1628.30 1086.42 1.42941 3.47906 176833 098902.08348
0.043 1664.200 1090.24 1.45927 3.31264 181B98 0B$11.08747
313.15K
n 6
m u p fx10-10 | zx10 Lf
1 : 3 Nm-2s ) P RA
mol kg ms-1 Kgm 303.15K m2N-1 Nm A0

0.000 1583.60 1053.38 0.95536 3.78693 1.66[/53 601101.04796
0.008 1587.80 1061.78 0.94504 3.73852 1.68466 0#4(071.05499
0.01% 1609.8: | 1064.2' | 1.0878! | 3.€266% | 1.7128¢ | 0.4018. | 1.0531:
0.026 1615.76 1079.66 1.16157 3.54591 1.74B341 BE951.06667
0.034 1648.04 1083.70 1.27930 3.39967 1.78482 04891.06360
0.043 1695.10 1088.39 1.36861 3.19889 1.84427 B&8B771.05854
Where m, mole fraction; p, density of the solution ; #,viscosity of solution; u, ultrasonic velocity; /., adiabatic compressibility; z, acoustic
impedance; Ly, intermolecular free length; Ra, relative association.

Table:2-variation of thermodynamic parametersat different mole fractions (x) and different temperaturesfor the system (Water +
MgCl; + Serine) at 2M Hz

n -6
m u p px10-10 | zx10 Lf
1 : 3 Nm-2s ) 2 RA
mol kg ms-1 Kgm 303.15K m2N-1 Nm A0

0.000 1560.51] 1058.38 1.06103 3.88131 1.65101 ©14(81.05089
0.008 1581.00 1064.78 1.17284 3.74601 1.68851 ©21011.05622
1 6
3] 8

0.017 1599.76 1081.3 1.3874 3.61468 1.72D34 0B981.06489
0.026 1618.88 1096.6 1.5644 3.48142 1.74p34 61B941.07540
0.03¢ 1627.2C | 1100.2¢ | 1.38931 | 3.4334¢ | 1.7€99z | 0.3845¢C | 1.0774¢
0.04: 1642.8( | 1116.8¢ | 1.8952¢ | 3.3202¢ | 1.6333€ | 0.3838¢ | 1.0896¢

n -6
m u p px10-10 | zx10 Lf
1 : 3 Nm-2s ) D) RA
mol kg ms-1 Kgm 303.15K m2N-1 Nm A0

0.000 1582.70 1055.38 0.98733 3.78403 1.66[53 001071.04899
0.008 1592.10 1065.58 1.15562 3.704B31 1.68466 081031.05684
0.017 1604.10 1080.71 1.25545 3.59823 1.71p86 QB971.06904
0.02¢ 1622.1€ | 1094.1z | 1.4861f | 348337 | 1.7434. | 0.3¢087 | 1.0759¢
0.034 1635.80 1102.78 1.44376 3.39125 1.78482 683851.08374
0.043 1647.160 111396 1.60581 3.31165 1.84427 03811.09204
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n 6
m u P px10-10 | zx10 Lf
1 . 3 Nm-2s ) - RA
mol kg ms-1 Kgm 303.15K m2N-1 Nm AO

0.000 1588.77 1053.14 0.95533 3.76224 1.67P97 Q@#4(091.04683
0.008 1598.76 1068.21 1.03814 3.66328 1.70y48 84031.05952
0.017 1618.48 1078.9p 1.11385 3.34133 1.74472 083971.06509
0.02¢ 1630.1C | 1090.51 | 1.1084¢ | 3.45261 | 1.77681 | 0.3€20€ | 1.0743t
0.034 1637.15 1100.25 1.37749 3.39185 1.80p87 06(8381.08268
0.043 1657.00 1112.12 1.45346 3.27533 1.84pP58 863811.09011

m u p n pxlo®  zx10F L Ra
molkg?! ms?! Kgm? Nmls m2N1  Nm? Ay
303.15K

0.000 15360.51 105&. 1.08111 3.38132 1.65101 0.40891 1.0508%9

0.008 1581.00 1068 1.17285 3.74601 1.68851 0.40172 1.05622

0.017 1599.76 1081 1.38743 3.61468 1.72934  0.39817 1.06489

0.026 1618.88 1096 1.56448 3.48140 1.77423  0.3%461 1.07540

0.034 1627.20 1100 1.38936 3.43347 1.78992 0.384533 1.077459

0.043 1642.80 1116 1.89528 3.32026 1.83336 0.38384 1.08969
308.15K

0.000 158270 1055 0.98733 3.78403 1.665975 0.40740 1.048399
0.008 139210 1065 1.15369 3.70433 1.69339 0.40308 1.05634
0.017 1604.10 1080  1.25340 3.59820 1.73248 0.39727 1.06%04
0.026 162216 10594  1.48712 3.48335 1.76978 0.39087 1.07592
0.034 1635.80 1102 1.44376 3.39128 1.80265 0.38567 1.08374
0.043 184716 1113  1.60381 3.31162  1.83329 0.38112 1.09204

313.15K

0.000 1588.77 1053 0.95534 3.76224 1.67297 0.40927 1.04683
0.008 1598.76 1068 1.03817 3.66327 1.70748 0.40384 1.05952
0.017 1618.48 1078 1.11380 3.54132 1.74472  0.39707 1.06509
0.026 1630.10 1050 1.10843 3.45269 1.77681 0.39206 1.07438
0.034 1637.15 1100 1.37748 3.39181 1.80087 0.38860 1.08268
0.043 1657.00 1112 1.45342 3.27537 1.84258 0.38186 1.09011

Where m, mole fraction; p, density of the solution ; #,viscosity of solution; u, ultrasonic velocity; /3., adiabatic compressibility; z, acoustic
impedance; Ly, intermolecular free length; Ra, relative association.

1)Ultrasonic Velocity (u):

The ultrasonic velocity (u), for amino acid eletytes solutions at 2MHrequency, for different temperatures and
various concentrations (m) have been determinewyusg. (1) and experimental values of u have beesepted in
Tables 1for the systems (water + NaCl +serine) arable 2for the system (water+ MgGi serine) .From Tables it
is seen that ultrasonic velocity increases witliéase in concentration of solutes serine. The tianiaf ultrasonic
velocity in a solution depends on the intermolectitee length (b). Intermolecular free length is a predominant
factor, as it determines the sound velocity indlsiate. Presence of an ion alters the intermaedute length.
Therefore, ultrasonic velocity of a solution wik blifferent from that of the solvent.

According to model proposed by Erying and Kiné3id the increase in ultrasonic velocity with the deseein
intermolecular free length (Land vice versa,

Ultrasonic velocity (u) is related to intermoleaufeee length. As the free length decreases dubedncrease in
concentrations, the ultrasonic velocity has toéase and vice-verSaThe experimental results support the above
statement in both the cases. Consequently ultrasesibcity of system increases depending on thecttral
properties of solutes. The solute that increasesiitihasonic velocity is of structure maker typ#jSThe variations

in ultrasonic velocity with molar concentrations M&Cl and MgCl in 1M serine are given in tabls1&2. From
Tables 1 -& Figl (water + NaCl + serine) and TabfeFig.-2 (water+ MgCJ + serine), it is seen that ultrasonic
velocity in aqueous NaCl solution increases wittréase in concentration of solutes serine. Theevafwltrasonic
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velocity of serine in aqueous NaCl is less as coatbdo the value of serine in aqueous MgCThe ultrasonic
velocity in aqueous NaCl is maximum at tempera®t8.15K and minimum at 303.15K. Such an increases i
ultrasonic velocity clearly shows that moleculasa@sation is being taking place in these liquidteyss. The same
results are observed for aqueous MgCThe order of variation of ultrasonic velocity tvilncrease in concentrations
and temperatures is observed as follows;

uwater <u NaCl <u MgCl,

Such type of variation in the sound velocity isribttted to different types of interactions takintaqe in the
solutions. These interactions are as follows.

a) lonic group of serine i.e. zwitter ionic centefserine with N& CI and Md™ ions.

b) NH, group (hydrophilic) of serine through H-bonding.

¢) CHs,-CH-OH group (hydrophobic) of serine, non polar emiles. d) COOand NH; or NH, of serine and ions of
solvents.

These different types of interactions affect thlutgosolvent interactions. The factors apparergyponsible for
such behavior may be the presence of interactiarseth by the proton transfer reactions of amino acid

hydrophilic nature of aqueous NaCl and Mg®Ith variation in concentration and temperaturbe Tultrasonic
velocity increases with molar concentration of selas well as rise in temperature. The increaseltmasonic

velocity in water, in aqueous NaCl and in aqueougCW may be attributed to the overall increase in cimmes
brought about by the solute- solute, solute-solaet solvent-solvent interactidis

Fig-2
Fig-1 9
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Fig.1- Plot of ultrasonic velocity (u) against mole fraction (m) for the system (water + NaCl + serine) at 2MHz and at 303.15, 308.15 and
313.15K temperatures

Fig.2- Plot of ultrasonic velocity (u) against molefraction (m) for the system (water +MgCl, +serine) at 2MHz and at 303.15, 308.15 and
313.15K temperatures

2)Density:

Density is a measure of solvent-solvent and iomesdlinteractions. Increase of density with conin indicates
the lesser magnitude of solute-solvent and solsehent interactions. Increase in density with @mration is due
to the shrinkage in the volume which in turn is do¢he presence of solute molecules. In other sjdttk increase
in density may be interpreted to the structure-makdahe solvent due the added solute. Similatig tlecrease in
density with concentration indicates structure-keegaof the solvent. It may be also true that sahsmivent
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interactions bring about a bonding, probably H-bogdetween them. So, size of the resultant moéemdreases
and hence there will be decrease in density. Dewsithe solution in both the systems increases witrease in
concentration of serine .However, from Table-1(wateNaCl +serine ) and Table- 2(water+ MgG serine ),

density of the solution is less in aqueous NaClskrine as compared to aqueous Md®at serine .The order of
variation of density with increase in temperatusesbserved as follows;

P Mgci2 > P Nacl = P water

3) Viscosity:

Viscosity is an important parameter in understagdire structure asell as molecular interactions occurring in the
solutions. The viscosities are determined for tresdems at various concentrations of donor-acceaptstures.
Increase in viscosity with concentration in all $ystems suggests that the extent of complexatioreases with
increase in concentration. Also from the Tablegwater + NaCl +serine )&Table 2(water+ MgGl serine ), it is
observed that viscosity of the solutions shows relir@ar behavior in both the systems. The ordevasfation of
viscosity with increase in concentrations in the¢hsystems is observed as follows;

N water <M Nacl < 1 MgCI2

This supports the association of molecules of sarniraqueoutgCl, is more than serine in aqueous NaCl and pure
water.

Fig-3 Fig-4

o 4
Z Z 39
£ E ——303.15K
= g 38 ——308.15K
= S 37 313.15K
xX x
2 25 4 Q@ s
z z >
s .g 35 -
(7]
g 1° 7 T 34 -
Q. o
g 1 —4—303.15K g 33 .
S o5 . ——308.15K S
- 313.15K T 32 ' ' '
0 : : . 0 0.02 0.04 0.06
0 0.02 0.04 0.06 m(mol.k.gY
m (mol kg?)

Fig.3- Plot of adiabatic compr essibility (B.) against molefraction for the system (water + NaCl + serine) at 2MHz and at 303.15, 308.15
and 313.15K temperatures
Fig.4- Polt of adiabatic compr essibility (B.) against molefraction for the system(water +MgCl, +serine) at 2MHz and at 303.15, 308.15
and 313.15K  temperatures

4)Adiabatic Compressibility (Bo):

The adiabatic compressibility is calculated using @&). Thecalculated experimental values @f)(are presented in
Table - 1, and Table-2 for systems (water + NaGkrine) and (water+ Mg&t serine) respectively. In the present
case, adiabatic compressibilit§, decreases with increase in concentrations ofiseds shown in Fig.-3(water +
NaCl +serine ) and Fig. -4(water+ MgGi serine ), for both the systems. This is becasstihe concentrations of
solute increases, a larger portion of water mokcake electrostatic and the amount of bulk wagerehses causing
the compressibility to decred8eWhen an amino acid is added to a solvent, itspressibility decreases and this
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decrease is due to the interaction between thedodsthe water molecules. When an ion is addedsoheent, it
attracts certain solvent molecules towards itsglfibenching the molecules from bulk of the solvdae to the
forces of electrostriction. Because of this, thailable solvent molecule for the next incoming @ets decreased.
This process is known as compression. Every solgrtaving a limit for compression called the liimgt
compressibility value. The compressibility of avasit is higher than that of a solution and it desess with increase
in 1concentrations. The values of adiabatic congilpddy are maximum in water, moderate in aquebiaCI| and
minimum in aqueous Mggl

5)Acoustic Impendence (2):

Acoustic impedance is calculated by using Eq.F&m Table - 1(water + NaCl +serine ) & Table 2i@va MgCh

+ serine ), and Fig. - 5(water + NaCl +serine nd &ig. —6(water+ MgGl+ serine ), , it is observed that the
adiabatic compressibility) decreases with increase in concentrations, whesEustic impedance (z) increases
for the same concentrations. For a given conceotraf3,) decreases and acoustic impedance (z) increase¢heS
composition is the specific composition, where dleeustic parameter becomes either maximum or miminithis

is the stage where complex formation is taking e@lacthe system due to increased ion — solventaot®n. In
(water + NaCl + serine) and (water+ Mg@l serine) systems, for a given concentration, whlees of acoustic
impendence (z) increases with increase in conddg It is in good agreement with the theoretregjuirements
because ultrasonic velocity increases with incréasmncentrations of serine. The increase in amimpedance
(z) with the increase in concentration of solut@an be explained on the basis of hyophobic intenadietween
solute and solvent molecufés®which increases the intermolecular distance, makétagively wider gap between
the molecules. This also indicates significantriatéions in the systems of serine in aqueous Na@ eo-solvent.

The values of acoustic impedance are maximum ire@gs MgCJ solution, moderate in water and minimum in
NacCl.

Fig-5 Fig-6
1.9 -
19 - "E‘
£ 185 - z 185 1
z Y Ve
2 18- = 18 - /
L] N
x 175 v 8
n 1.75 -
3 T 5 4
E 174 7 ——303.15K S
§ ——-308.15K g 17
a 165 313.15K = r ——303.15K
E s 7 165 —8-308.15K
g 16 ' ' ' 9 313.15K
5 0 0.02 0.04 0.06 <
8 16 T T 1
< m(molkg?) 0 0.02 0.04 0.06
m(molmg?)

Fig.5- Plot of acoustic impendence (z) against mole fraction for the system (water +NaCl) +serine) at 2M H, and at 303.15, 308.15 and
313.15K temperatures

Fig.6- Plot of acoustic impendence (z) against mole fractionfor the system (water +MgCl, +serine) at 2MHz and at 303.15, 308.15 and
313.15K temperatures

6) Intermolecular Free Length (L;):

The values of intermolecular free length for (watdlaCl+ serine) and (water+ MgCtH serine) systems have been
calculated using Eq.(6). Increase in concentratieads to decrease in gap between two species vghieferred by
intermolecular free length {L With the increase in concentrations, intermolactree length (b has to decrease.
This ideal trend is clearly observed which is shawrrig .7(water + NaCl +serine),and Fig 8 (watdigCl, +
serine ), Intermolecular free length)(is a predominant factor in determining the véoiatof ultrasonic velocity in
fluids and in their solutiodd From Tables-1(water + NaCl + serine ) and Talfleafer+ MgC} + serine ), it has
been observed that, in the present investigatiotermolecular free length decreases linearly orresing
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concentrations of solut€s The decrease in; With increase of solutes concentrations in sotutiwicates that there
are significant interactions between solute andestl suggesting the structure promoting behaviosafites. In
(water + NaCl + serine) & (water+ MgCh serine) systems, ultrasonic velocity increaséh woncentrations of
solutes indicates stronger the intermolecular ®inethe solution. This gives increase in closeckpd structure of
aqueous amino acids i.e. enhancement of the cktsacture. This provides the cohesion between amaids and
water molecules increases. The reduction in @egfedissociation among the liquid molecules of thieture.
Thus the inter molecular distance decreases wititertrations of solutes. The decrease in intermédedree
length may due to the gain of dipolar associatimaking up of hydrogen bonds in the molecules of litpeid

mixtures. The values of intermolecular free lengife maximum in water, moderate in aqueous Mggid
minimum in aqueous NacCl.

Fig-7 Fig8
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° g ) 331.15K
2 0395 - E 0395 - :
= &
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3 (8]
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E 038 - £ |
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motkg 0 0.02 0.04 0.06
m (mol-kg -
m (mol-kg )

Fig.7-Plot of intermolecular freelength (L) against molefraction for the system (water +NaCl +serine) at 2MHz and at 303.15, 308.15
and 313.15K temperatures

Fig.8-Plot of intermolecular freelength (L) against mole fraction for the system (water +MgCl, +serine) at 2MHz and at 303.15, 308.15
and 313.15K temperatures

7)Relative Association (Ra):

The values of relative association,jRor (water + NaCl + serinednd (water+ MgGl + serine) systems were
calculated using Eq. (7).The property which carshuglied to understand the molecular interactiothésrelative
association (R). It is influenced by two factors: (i) Breaking of the associated solvent molecules on additfon o
solute in it and (i) The solvation of solute malé&£®. The former leads to the decrease and later tinthiease of
relative association. From Table 1(water + NaCerirge ) and Table 2(water+ MgCt serine ), it is observed that,
R, increases with increase in the solute concentrat{serine ) in the NaCl solution. The graphs ) (versus
mole fraction (m) of these systems were plottedhasvn in Fig. - 9(water + NaCl + serine ) and Fid.0 (water+
MgCl, + serine), The values of relative associati®g) @re minimum in water, moderate in aqueous Mg@d
maximum in aqueous NacCl.
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Fig-9 Fig-10
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Fig.9-Plot of relative association (Ra) against mole fraction for the system (water +NaCl) +serine) at 2MHz and at 303.15, 308.15 and
313.15K temperatures

Fig.10-Plot of relative association (Ra) against mole fraction for the system (water +MgCl, +serine) at 2M Hz and at 303.15, 308.15 and
313.15K temperatures

CONCLUSION

Ultrasonic velocity, density and viscosity have meseasured for serine in aqueous NaCl and MgGlution at
303.15, 308.15and 313.15K. The variation in ultrésovelocity, density and viscosity and other retht
thermodynamic parameters such as adiabatic conilpiliég¢g ), acoustic impedance(z), intermolecular free lengt
(Ly) and relative association (R of serine at various concentrations and tempegatin both the NaCl — based and
MgCI, — based systems, shows the non-linear increadecoease behavior. The non linearity confirms tresgnce
of solute-solvent, ion-ion, dipole-dipole, ion-seht interactions. The observed molecular interactimomplex
formation, hydrogen bond formation are responsibtehe heteromolecular interaction in the liquidktare. This
provides useful information about inter and intral@cular interactions of liquid systems
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