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ABSTRACT

The Ultrasonic velocity, density, and viscosity dnvdbeen measured for aqueous solution of NaCl déerdiit
concentrations, at different temperatures and atstant frequency (9 MHz). These experimental datze tbeen
used to estimate the thermodynamic parameters aadidiabatic compressibility, free length, interqaiessure,
relaxation time, acoustic impedance, and Gibb'e fe@ergy for the solution. This kind of study ipamant for both
humans as well as plants.
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INTRODUCTION

Ultrasonic is a versatile non-destructive techniamel highly useful for investigation of various plochemical
properties such as Adiabatic compressibility, imelecular free length, internal pressure, relaxatime, Gibb’s
free energy of solution at different temperatures.

Recent developments have found use of ultrasommggrin medicine, engineering and agriculture [1tBirasonic
study on the amino acids with aqueous solutionl@ftelytes and non-electrolytes provides useftdrimation in
understanding the behavior of liquid systems. Eddyties are also known to influence the stabilifyb@logical
molecules such as proteins. Ultrasonic studies s been made for simple carbohydrates in wdt&i.[ Frank
and Kalgud have also used the same method to sihedthermodynamic properties of several carbohgdrike
ribose, galactose etc [6]. We know that sodiumagsiim level in human blood is of considerable irrgree for
several reasons, Sodium maintains the normal loligioin of water and the osmotic pressure in théowuarfluid
components. Potassium influences the acid basedemknd osmotic pressure including water retentimreased
sodium levels are found in severe dehydration. &&sad levels are found in sever poly-urea, metalaidosis,
diarrhea and renal insufficiency. This Sodium anthpsium levels in serum have been studied by wamoethods
such as lon-exchange method, Chemi Luminescenceuimanassay (CLIA), Chromatography etc [7]. Further
osmosis is also of considerable importance in bickl systems. Ultrasonic study of variation offefiént
parameters with concentration may lead to changiesimsmotic flow. Osmotic flow is also temperatdependent.

Since sodium salt is important to humans as welplaats, we have done ultrasonic study of NaCl tsmuof
different concentration at different temperatured at a particular frequency. The nature of vasratin different
parameters has been analysed with respect to doatten of NaCl. To our knowledge, these measurdmah
different temperatures have not been made so far.
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MATERIALS AND METHODS

Experimental Details

Fresh distilled water has been used as solventpfeparing sodium chloride (NaCl) solutions of diffiet
concentration. Sodium chloride used as solutetfersblution is of analytical reagent (AR) gradenafactured by
reputed firm E-Merk Ltd. (India).

(i) Velocity Measurement:-

The velocity of ultrasonic wave in the NaCl solaso(Molality- 0.8562, 1.711, 2.566, 3.422) haverbeeasured
using multi-frequency ultrasonic interferometer hwian high degree of accuracy operating at 11 differ
frequencies (Model M-84) supplied by M/s Mittal Ergrises, New Delhi. The measuring cell of intesfeeter is a
specially designed double walled vessel with piiovigor temperature constancy. An electronicallgiged digital
constant temperature bath (Model SSI-03spl) sugptig M/s Mittal Enterprises, New Delhi, operating the
temperature range -1Oto 85c with an accuracy of + 0.1K has been used to keitewater through the outer jacket
of the double walled measuring cell containingekperimental liquid.

(i) Density Measurement:-
The densities of solutions are measured using & 2petific gravity bottle. The specific gravity tietwith the
experimental liquid is immersed in a temperatunetimsled water bath. The density was measured usiadormula

p2 = (Wo/Wq). ps

Where, W = weight of distilled water, W= Weight of experimental liquich; = Density of waterp, = Density of
experimental liquid

(i) Viscosity measurement:-

The viscosities of solution are measured using awalll’'s viscometer calibrated with double distilwdter. The
Oswald’s viscometer with the experimental liquidriigmersed in a temperature controlled water bakie fime of
flow was measured using a racer stop watch witla@muracy of 0.1 sec. The viscosity was determirsdguthe
relation,

M2 =11 () (p2/p1)

Where,n1 = Viscosity of watery, = Viscosity of experimental liquidp; = Density of waterp, = Density of
experimental liquid,;t= Time of flow of water,t= Time of flow of experimental liquid.

Theoretical Aspect
The following thermodynamic parameters were catedldrom Jacobson’s relation [8-10].

(i) Adiabatic Compressibility (B):-

The adiabatic compressibility is the fractional @se of volume per unit increase of pressure, wioeneat flows

in or out. It is calculated from the speed of soand the density] of the medium by using the equation of Newton
Laplace as

B=1/Up
(ii) Intermolecular free length (Ly) :-

The intermolecular free length is the distance betwthe surfaces of the neighboring molecules. ¢alculated by
using the relation

Ly = Kep*?

Where K is the temperature dependent constant.

(iii) Internal Pressure (r;):-

The measurement of internal pressure is importarthé study of the thermodynamic properties ofitigu The

internal pressure is the cohesive force, which riesailltant o force of attraction and force of repn between the
molecules. It is calculated by using the relation,
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IT; = bRT (ky/U) 2 (p?¥M™"6)

Where, ‘b’ stands for cubic packing, which is asednto be ‘2’ for all liquids, * K’ is a dimensiogds constant
independent of temperature and nature of liquidsvalue is 4.281 x 0'T’ is the absolute temperature in Kelvin,
‘M’ is the effective molecular weight, ‘R’ is theriiversal gas constanty’is the viscosity of solution in N.S:f
‘U’ is the ultrasonic velocity in m’sand p’ is the density in Kg.n of solution.

Table 1: Values of density ), viscosity §) and Ultrasonic velocity (U) at 289K, 293K, 303K ad 313 K

Molality T px1C | nx 10 Vv
mol /Kg | kelvien | kg.m® | N.s.m? m.s*
283 1.0435 1.38 1535.3p
0.8562 293 1.0405 1.0532 1560.52
303 1.0364| 0.8463] 1580.25
313 1.0354 0.71 1590.23
283 1.078 1.44 1563.7H
1711 293 1.075 1.0973 1590.3
303 1.071 | 0.87708 1606.05
313 1.067 0.73 1615.2
283 1.120 1.52 1609.6
2566 293 1.116 1.1385§ 1624.5
303 1.111 0.8989| 1641.1p
313 1.106 0.74 1656
283 1.163 1.58 1653
3.422 293 1.158 1.17981 1665
’ 303 1.153 | 0.92984 1672.4
313 1.148 0.76 1692.4

Table 2: Values of Adiabatic compressibility g), Free length (L), Relaxation time ), Acoustic impedance (2)
and Gibb’s free energy AG) at 283K, 293K, 303K and 313K.

Molality T Bx10™ | Tx10™ | Ly x10% | mx1Cf Zx10' | AGx10%
mol /Kg | kelvien | m*N* Sec. m. N.m-? | Kg.m?s*' | KJ.mol*
283 4.0649 7.48 1.232 448.3749 160.22771 3.2788
0.8562 293 3.9465 5.54 1.234 401.4776 162.37/68 3.2875
' 303 3.8637 4.36 1.24 368.8734 163.7850 3.3133
313 3.8191 3.62 1.255 347.6891 164.6556 3.35%8
283 3.791 7.28 1.19 470.928 168.68}8 3.2682
1711 293 3.6765 5.38 1.191 421.19p 171.03B3 3.27%4
303 3.6177 4.23 1.2 386.5684 172.10P5 3.3007
313 3.5917 35 1.217 362.2835 172.37p4 3.3413
283 3.4455 6.98 1.134 495.4164 180.31j19 3.2520
2566 293 3.3947 5.15 1.144 440.8426  181.3364 3.2581
' 303 3.3394 4 1.153 401.9459 182.4688 3.2715
313 3.2944 3.25 1.165 373.9212  183.2990 3.3098
283 3.1458 6.63 1.084 516.6142 192.3070 3.2316
3.422 293 3.1129 4.9 1.096 459.3138 192.9384 3.2374
' 303 3.0972 3.84 1.11 419.4915 193.01P0 3.2602
313 3.0397 3.08 1.119 388.2248 194.36/09 3.2866

(iv) Relaxation time fr):-
Relaxation time is the time taken for the excitatienergy to appear as translational energy an@pends on
temperature and impurities. The relaxation time leagalculated from the relation,

1= 4/3. G.n)

(v) Acoustic impedance (2):-
The specific acoustic impedance is given by,

Z=Up

Where ‘U’ and p’ are velocity and density of NaCl solution.
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(vi) Gibb’s free energy:-

The Gibb’s free energy is calculated by using tHation
AG = KT.Ln (KTt/h)

Where, T is the viscous relaxation timel’is the absolute temperaturés *is the Boltzmann’s constant anil is
the Planck’s constant.
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Fig-1: Variation of ultrasonic velocity with temperature.
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Fig-2: Variation of Relaxation time with temperature
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Fig-3: Variation of adiabatic compressibility with temperature
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Fig-4: Variation of free length with temperature
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Fig-5: Variation of acoustic impedance with temperéure
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Fig-6: Variation of Gibb’s free energy with temperaure
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Fig-7: Variation of internal pressure with temperature
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Fig-8: Variation of ultrasonic velocity with molality
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Fig-9: Variation of adiabatic compressibility with molality
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Fig-10: Variation of relaxation time with molality
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Fig-13: Variation of internal pressure with molality
RESULTS

The Ultrasonic velocity, density and viscosity gliaous solution of NaCl of different concentrati@ane presented
in table-1 at temperatures 283K, 293K, 303K, 31Dknsity and viscosity decreases with increasenmperature,
where as velocity increases.

Thermodynamic parameters such as adiabatic conilpifiégg ), free length(l), internal pressurery, relaxation
time (t), acoustic impedance (Z), and Gibb’s free enerdy)(of the solution are calculated and listed inl€zh

The variations of the different parameters with penature as well as concentration of NaCl have Ipdatted [Fig
1to 13].

Adiabatic compressibility, relaxation time and imt&l pressure decrease with increases in temperatuereas free
length, acoustic impedance and Gibb's free enargyeases with increase in temperature.

Density, viscosity, velocity, acoustic impedance arternal pressure increase with concentrationredseadiabatic
compressibility, relaxation time, free length anilé3s free energy decrease with concentration.

DISCUSSION

The decrease in density and viscosity with incréasemperature indicates decrease in intermolecataes due to
increase in thermal energy of the system. Thisesmaa expansion in volume and hence increasesandngth.

The H- bonded structure of water is disrupted keyatdition of NaCl. The electrolytes occupy theiistitial space
of water and tend to break the original orderedestd water. Interaction between solute and solveatecules
results in decrease in free length and increasenmsity, viscosity and velocity with increase oluse concentration
at all temperatures.

With increase in temperature there occurs a stractearrangement as well as a result of hydragading to a
comparatively more ordered state. Therefore ultradspeed increases with increase in temperature.

Adiabatic compressibility decreases with increas&€adncentration. A large portion of the water malecexerts
electrostatic force which attracts the neighbornmgjecules decreasing the effective volume of wafhris leads to
the decrease in compressibility.

Gibb’s free energy decreases with concentratiois. dbserved that decrease in free energy favberformation of
products after reaction.

The viscous relaxation time shows the presenceadécenlar interaction due to addition of solute dne same is
confirmed by Gibb’s free energy parameters. As etquk internal pressure decreases with increasengderature
and increases with increase of concentration.
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CONCLUSION

Ultrasonic method is a powerful probe for charasteg the physio-chemical properties of liquidsisTimethod has
been used to study the above properties of aqueuson of NaCl, being an essential part of tr@dgical system.
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