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ABSTRACT

Ultrasonics has become an important and powerful research tool in physics. The ultrasonic study of liquid mixtures
has been gaining importance in assessing the nature of molecular interactions and understanding the physico-
chemical behaviour of liquid. In present investigation, ultrasonic velocity, density, viscosity has been measured in
liquid mixture of linoleic acid (9, 12-Octadecadiencic acid) and a-tocopherol (Vitamin E) with different
compositions using ethanol as solvent. The measurements are done at 2MHz frequency and in temperature range
293K to 313K using pulse echo technique. Thermo acoustical parameters viz., adiabatic compressibility, relaxation
time, free length, acoustic impedance, and internal pressure have been computed from the experimental data. The
variation of ultrasonic velocity and other thermo-acoustical parameters shows nonlinear increase or decrease with
variation in composition. The nature of solute-solute and solute-solvent interactions and effect of composition on
molecular interactions have been studied.
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INTRODUCTION

Carbonyl (aldehyde) group and hydroxyl (-OH) graup the part of several biologically important nooles such
as proteins, amino acids, lipids, peptides. Thesapgs can interact with basic ,acidic and otherfiomal groups
present in biological system to form complexeegitby chemical bonding or hydrogen bonding andcafthe
properties of biomolecules[1]. Literature surveyeaas that ultrasonic, volumetric, viscometric stus done on
biomolecules like proteins, amino acids, peptidég[2Biomolecules called lipids are naturally oaing organic
compounds commonly known as oils and fats. Linodaic (9, 12-Octadecadienoic acid) is unsaturatedga-6-
fatty acid which is essential fatty acid for huntzady. a-tocopherol is fat soluble antioxidant and proteetsna
from glaucomatous damage. Ultrasonic, viscomettidysis already done on linoleic acid with certdiigs[6-7].
This paper divulges molecular mechanism of linoleséd with a-tocopherol (Vitamin-E) in solvent ethanol by
measurement of thermo acoustical parameters.

MATERIALSAND METHODS
Master solutions have been prepared by dissolvigg df each solute in 100 ml ethanol separatelyiiirtight

bottles at room temperature. After this composgiohLA/TOCO are prepared in ratios (100/0, 80040, 40/60,
20/80, 0/100) taking appropriate amount from stealktion.
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Ultrasonic Velocity measurement is done by MHF-4gh frequency pulser receiver (supplied by Roofsdrac
ultrasonix Ltd). Ultrasonic pulser receiver is adeed technique which provides unique low cost stiréc
measurement capability. The instrument has spikeepwand broadband receiver. The receiver has raax af
103dB, adjustable in minimum step of 1dB. 4 higlspand low pass filters each facilitate frequenatyadf for
optimization of received signal.

The ultrasonic velocity measurement is done at 2Midguency and at temperatures 293K, 298K, 303KK30
313K for LA/TOCO compositions.

The densities of all compositions have been medshyepycnometer at temperatures 293K, 298K, 3038K3
313K.The viscosity measurement is done by Ostwalissometer.

Ultrasonic velocity, density and viscosity measueats change even with very small change of temperat
Therefore for such measurements it is very necgskarkeep temperature constant accurately. Plasaft c
thermostat (LTB -10) maintains desired accuratestzon temperature with accuracy of 4 1in temperature range
-10°C to 95C.

THEORETICAL FORMULATIONS

. Acoustical Impedancég = pu .... Kg/nf sec

. Internal Pressur@ = %T ... Newton/m

1. Ultrasonic velocityu = % ....m/sec

2. Density p = (%)pw ...Kg/m?

3. Viscosityn = (pp%)nw ... N.sec/m

4. Adiabatic Compressibilitg, = ﬁ ...m*Newton
5. Intermolecular Free Length, = Kj(ﬁa)l/z ...... m
6. Relaxation Timer = Snﬂa ...... sec
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RESULTSAND DISCUSSION

Thermo acoustical parameters are calculated udiogeamentioned formulae. The results are intergdretgng
graphs. As shown in graph [1], it is observed thitasonic velocity shows non-linear variation fdifferent
compositions which reflects the presence of mobaciniteractions. The ultrasonic velocity decreasitks increase
in temperature (293K t0313K). The decrease in \iglanay be partly due to increase in free length tuthermal
expansion at higher temperature[8].The increasmatecular interactions at composition (40/60) igilawted to
dipole-dipole interactions between the constituantecules and hydrogen bonding. C=0 of linoleid&anteracts
with hydroxyl —OH ofa-tocopherol through dipole-dipole interactions.
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As shown in graph [2] the density decreases witheiase in temperature (293K to 313K). This is bsealue to
thermal agitations, solute molecules get more saedrin solvent decreasing solute-solvent intevasti The
density shows peak at (60/40) composition in LAiniegion which is attributed to structure makesolfvent and
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strong solute solvent interactiof®§. The density shows dip at (40/60) in TOCO rigyion which is attributed to
structure breaker of solvent due to added s¢life This may be due to solvent-solvent interawsidring about the
bonding probably hydrogen bonding. Hence size sdiltant molecule increases and density decreases.

From the graph [3], viscosity decreases with inseem temperature (293K to 313K) for different camsitions
indicating decrease in cohesive forfEg].Viscosity depends on molecular interactionsvai as shape and size of
molecules. The increase or decrease of viscosjigriis on percentage of each solute in compositiaohan turn
decides liquid structure and molecular interactions

From the graph [4], adiabatic compressibily increases with increase in temperature (293K tg31Bue to
increase in temperature intramolecular bonds teriddrease due to stretching and hence compragsibitreases
[12]. The rise in adiabatic compressibility at casjion (40/60) is due to weakening of intermolecuorces in
solution and decrease in cohesive forces. The inea#l variation of adiabatic compressibility forfferent
compositions shows molecular interactions and cermfidrmatior{13].

From the graph [5], it is observed that intermolacudree length increases with increase in tempeeatThe
decrease in free length, for compositions (60/40) and (20/80) is attributectlose packing of molecules and that
solute dissolves in solvent. The solute that dissoin solvent experiences some pressure from rsoiwelecules
[14, 15].The increase in free length for compositions (80/20) and (40/60) indicatessteropacking of molecules
and that intermolecular cohesion is weak leadinge¢ak molecular associatifi?].

From the graph [6], it is clear that relaxationgimwhich depends on viscosity and adiabatic compréisgishows
almost same behaviour as viscosity. With increaseidcosity the strength of intermolecular forcesréases and
hence relaxation time increases. Due to decreasiséosity the strength of intermolecular forcesréases hence
relaxation time also decreases.

From the graph [7], it is observed that acoustipedance shows almost same behaviour as densitypeék at
(60/40) composition and dip at (40/60) compositanl again slight rise at (20/80) composition. Du@trease in
density at same composition intermolecular distatieereases resulting in increased dipole-dipoleraations
between solute-solute and dipole-induced-dipoleratttions between solute and solvent hence acaogtiedance
increases.

The graph [8] shows variation in internal pressime different compositions. Internal pressure isnaasure of
totality of forces of attraction, repulsion and o cohesion between the components of moledulesolution.
Internal pressure is found to decrease with ineréastemperature (293K to 313K). This indicatesucin of
cohesive forces as the molecules move away frorh e#teer with increase in temperatyfe].From the non-
linearity of internal pressure solute-solvent iat#ions have been confirmgd].

CONCLUSION

1. The non-linear variation in ultrasonic velocind other thermo acoustical parameters indicatesgtsolute-
solute and solute-solvent interactions.

2. The molecular mechanism of compositions of Bimwlacid and alpha tocopherol is known by ultrasoni
investigation. Both materials are antioxidants.sTdata helps to improve medicine quality in drudustry.

REFERENCES

[1] V. Kannappanind.J. Pure and Applied Phys, Vol. 45 March2007, pp. 221-225.

[2] G. Ravichandran and S.ArumugadrtRure & App.Ultrasonic, 34 012), pp. 17-21.

[3] Banipal T.S., Gangadeep Seh@hérmochimica Acta 262(1995).

[4] Amalendu Pal and Suresh KuniaMol. Ligs. 121@Q005) 148-155.

[5] R. Padmavathy, K.Dhanalakshmi, E.Jasmine, Vas#&ani, International Journal of Science and Research
paper ID: ISU-051, pp. 236-238.

[6] C. Roumana and G.Velrajternational Journal of Pharma and Bio Sciences V1 (2)2010.

[7] Arun Kumar Mishra, Manju Mishrdpteraction study of Paracetamol with saturated & unsaturated fatty acids.
[8] Glasstone.S, Laidler K.J. and Erying H., Theofyate processe$988.

[9] O.P.Chimankar, V.A.Tabhane and V.N. Chaudharffure Appl. Ultrason. 32 ¢010) pp.18.

[10] Tabhane V.AJ.Acoustic society of India vol.28 No0.1-43692000).

[11] Sugandha V. Khangar, Omprakash P. chimankad, BhandakkarGlobal journal for research analysis vol:3,
Issue:6 Jun&014.

24
Pelagia Research Library



S. U. Patil et al Der Chemica Sinica, 2015, 6(11):21-25

[12] P.B. Dabrase, R.A. Patil, B.M. Suryavanshi dg8lLad Proceedings of national Symposium on Acoustics, 17"
to 19" November2011.

[13] Blandamer, M.J., "Introduction to chemical tdkonics," Academic Press Londd®73).

[14] Leopold Scheflan & Morries B.Jacob, The HarmbB of Solvents, D. Van Nostrand Company Inc (Neavky
(19).

[15] M.L.Miller, The structure of polymers, Reinhold book corporatidew York) (966)148.

[16] Lemoff. A.S:Bush,M.F: O'Brien,J.T: Williams,R. J.Phys.Chem.A 2006,110,8433.

[17] P.S. Ramesh, D. Geetha, C. RakkappgaifiMolecular Liquids 126 £006) 69-71.

25
Pelagia Research Library



