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ABSTRACT

Density, viscosity and ultrasonic velocity in bipanixtures of ethyl acetate and hexane has beeules¢d at
temperature 292 K and frequency 2 MHz. Using erpemial values various acoustical parameters such as
adiabatic compressibility, intermolecular free I¢hgacoustic impedance, ultrasonic attenuation,ilatée volume,
free volume, internal pressure, Gibb's free eneaqyd enthalpy has been calculated. Theoretical waloé
ultrasonic velocity has also been computed usimgpua models such as impedance relation, Nomotelation,
Junjie’'s equation and Van-Deal and Vangeel. To kttbe validity of theoretical models with experitavalues,
percentage error has been calculated. Further thésquare test has also been applied to check dtation
between theoretical and experimental data. Thelim@ar variation in acoustical parameters showsttttzere is a
complex formation and the deviation in experimentlles from theoretical models proves the stromeoular
interaction in the binary mixture.

Keywords: Theoretical ultrasonic velocity, Binary mixtuiatermolecular interaction, acoustical parameters.

INTRODUCTION

Ultrasonic, volumetric and viscometric study ofdid mixtures is of substantial importance to untierd the
physico-chemical behaviour of a liquid mixttt&The physical properties of liquid mixtures forme thasis to
evaluate various thermo-acoustical functions.It ga@isied much attention in both practical and thézakpoint of
views!" ®The pure liquids and liquid mixtures find a widephgations in leather, textile, chemical and
pharmaceutical industrie4®*

Ethyl acetate is an organic compound, a produett#rification reaction between ethyl alcohol acetia acid. It is
currently classified as an eye irritant and carseadrowsiness and dizziness if high concentratidngpours are
inhaled. It is used as a processing solvent forniamufacture of other chemicals and in solvent dbasmtings,
adhesives and links used in industry and by pradeatworkers.

Hexane is an alkane of six carbon atoms used insiniés as an ingredient in glues for manufactushges and
leather bags. It is also used to extract cookirlg f’om seeds and in laboratory, for extracting aild grease
contaminants from water and soil.

In the present study, attempt has been made talatdailtrasonic velocity, density and viscosityadbinary system,
namely ethyl acetate + hexane and to derive thexoonstical properties for the study of moleculaeractions at
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temperature 292 K. For further verification of te&perimental results, theoretical ultrasonic vejods also
calculated by using various theoretical models.

EXPERIMENTAL SECTION

Chemicals used in the present investigation arg ettetate and hexane having molecular weight 8§/friol and
86.05 g/mol respectively of 99% AR grade. The slrdc velocity is measured at temperature 292 IKgubdittal
Enterprises ultrasonic interferometer at frequenic® MHz with an accuracy of +0.1m/s. Specific\gta bottle is
used to measure density of pure components anil ligixtures at temperature 292 K with an accuracy®01
mg. To calculate viscosity of liquid systems Oswsaldscometer is used with uncertainty in accuraty 0.001 s.

The derived parameter$’**hamely Acoustic impedance (Z), Adiabatic comprebsib(p), Intermolecular free
length (L), Ultrasonic Attenuationoff?), Relaxation Time), Effective Molecular Weight (), Free Volume
(V), Wada’s Constant (W), Rao’s Constant (R), Molatwhe (\;,), Vander Waal’'s Constant (b), Internal Pressure
(), Available Volume (), Gibb’s Free Energy\G) and Enthalpy (H) are calculated by using follogvrelations:

Z=pxU B=1/(F xp) Li= Ky x 12 o/f? = 8’y 13pU3
L 4pn/3 Meﬁ— XiM; + Xz M, Vi = [Mert U / K] W = B)""Mer/ p
= UMt / p = Mt p b = V,[1-(RT/MU?) {(1 + (MU%3RT))*? - 1}]
H bRT [(ky/U) (p2/3/ M7’6)]H VX Va=M/p(1-U/U) AG =KgTIn (Kg T/ h)

To calculateheoretical ultrasonic velocity following relations has been used:

Nomoto’s Relation of sound veloct:
Uvom = [(X1 Ri+X2Re) / (X1 V1+X2 V)]

Impedance dependent relation:
Uwp = (X121 + XaZ5)l Xy p1+ Xa p2

Van-Dael and Vangeel Ideal mixing relatidf: /
Wov = [(X1/MU7* + Xa/MoUL?) (XM +X,Mp)] 2

Junjie equation®:
Ujun = [(XiM4/p1 + XoMolpo) 1 (XiM 1+X2M2)1/2][{X 1M1/P1U1 +X2M2/P2U2 H e

Percentage deviation in ultrasonic velocity:
AU/U) % = ((Uexp-Uthieory) / (Uexp)) X100

Chi-square test for goodness of fiAccording to Karl Pearson, the Chi-square valueakulated by using the
following formula:

(X ) Z (Umlx(exp)_Umlx(cal))

Umtx(cal)

Average Percentage Error (APEAverage percentage error has been calculated talloging formula:
APE :%Z Umix(exp) ~Umix(cal)) ¥ 100

Umix(exp)

RESULTS AND DISCUSSION

The experimental values and the values from liteeatof ultrasonic velocity, density and viscosity mure

components are given ihable 1.The experimentally measured values along with ¢aled values of derived
acoustical parameters: adiabatic compressibilitterimolecular free length, relaxation time, acaustipedance,
ultrasonic attenuation and molar volume of binaiytares at different compositions of ethyl acetatel hexane at
292 K are presented ifable 2,then inTable 3ree volume, available volume, Wada’s constant,’&®Raonstant,
Vander Waal’s constant, enthalpy, Gibb’s free gpemd internal pressure are listed, and the qooreting graphs
are shown irFigures 1-6.
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Table 1: Ultrasonic velocity, density and viscositpf pure compounds as well as comparison with liteture data

Compounds Uexp Uret Pexp Pref Hexp Hret
(msh (ms?) (Kgm® (Kgm® (mPa-s) (mPa-s)
Ethyl acetate 1160.0 1160/ 893.196 894.600° 04994 0.4997 |
Hexane 1080.0 10798** 655.036 655.07% 0.3131  0.313%!

Table 2: Ultrasonic velocity (U), density ), viscosity f), adiabatic compressibility @), intermolecular free length (L), relaxation time
(1), acoustic impedance (Z), ultrasonic attenuationo{f?) and molar volume (V) for binary system of ethyl acetate and hexane £92 K

3
Xi | U mis| pKg/m? Trln)l(Dlis px10° Kgm?s® | Lix10°A° | Tx10%s | Zx 10° kgm?s* | a/f?x10™ €m™ | V,x10?m*mol*
0.9 | 1088.0 | 908.500 | 0.8360 9.2983 6.3929 1.0364 9.8844 1.8784 09.6642
0.8 | 1105.2| 898.503 0.788B 9.1115 6.3284 0.9583 9.9302 1.7098 09.7495
0.7 | 1090.4| 877.863 0.796p 9.5806 6.4892 1.0176 9.5722 1.8402 09.9559
0.6 | 1113.6| 867.540 0.7078 9.2957 6.3917 0.8765 9.6609 1.5521 10.0514
0.5 | 1064.0| 846.76Q 0.739P 1.0432 6.7713 1.0291 9.0095 1.9073 10.2744
0.4 | 1084.0| 784.203 0.739p 1.0850 6.9063 1.0695 8.5007 1.9455 11.0685
0.3 | 1044.0| 813.080 0.772p 1.1289 7.0425 1.1624 8.4885 2.1955 10.6508
0.2 | 1092.6| 799.314 0.634p 1.0488 6.7869 0.8867 8.7333 1.6002 10.8092
0.1 | 1060.8| 783.920 0.706pR 1.1334 7.0587 1.0673 8.3158 1.9840 10.9960

Table3: Free volume, Wada'’s constant, Rao’s constgreffective mass, enthalpy, Gibb's free energy, ailable volume, Vander Waal's
constant and internal pressure for binary system oéthyl acetate and hexane at 292 K

%, | Vix 10° W R Mer | Hx 10 | (AG) x 10?2 | Vax 10 | bx10° x 1FN/m?
Y| m¥mol | m¥mol (pa)” | m¥mol(m/s)® | gm | J/mol KJmol ™ m*mol | m*mol? | ™

0.9 4.3625 1.8853 0.9939 87/8 1.3638 7.5372 3.09289.63754 1.4113
0.8 4.8564 1.9075 1.0080 87(6  1.3198 7.6871 3.01509.72296 1.3537
0.7 4.6733 1.9339 1.0247 87(4 l.34$2 7.1027 3.17099.92843 1.3522
0.6 5.7455 1.9609 1.0418 87(2 1.2606 7.344; 3.05560.02414 1.2542
0.t 4,997 1.9717 1.048¢ 87.C | 1.330: 6.7430 3.441¢ 10.2452i 1.294¢
0.4 5.129: 2.112: 1.137( 86.6 | 1.352( 7.390:% 3.569¢ 11.0376. 1.221¢
0.3 45210 2.0211 1.0804 86|6 1.3921 7.5454 3.70110.61994 1.3071
0.2 6.4803 2.0730 1.1133 86(4  1.2407 7.8811 3.42780.77924 1.1479
0.1 5.2624 2.0853 1.1214 86(2 1.3375 6.789¢ 3.70560.96453 1.2164

Ultrasonic velocity, density and viscosity are fduto increase but nonlinearly with increasing coricgion of
ethyl acetate. This non-linear variation in ultnaisoselocity is due to the change in intermolectitae length of the
components of mixture. Increase in density indigdtee presence of more number of molecules witheaging
concentration of ethyl acetate. Further non-lirirarease in viscosity suggests more connotatiowds solute and
solvent molecules. Adiabatic compressibility, imetecular free length and relaxation timeare cal@d from
velocity data and are found to show opposite traasdtompared to ultrasonic velocity which is furtBgmnifying
that there is an interaction between the moledtfidd!

The non-linear variation in acoustic impedancegratation, enthalpy, Gibb’s free energy and intepralssure
exhibits the strong hydrogen bonding between sohre solvent moleculds: *! Moreover, according to
mathematical relation of acoustic impedance anéledic compressibility, they must show the oppotiend

whereas intermolecular free length and adiabatiopressibility must follow the same behavior whistin perfect
aggreement with experimental results.

The effective mass is found to be linearly incregsiith the increasing concentration of ethyl aetahich proves
that there is a strong molecular interaction amihregmolecules of the mixture. Non-linear trend shdwy Wada's
constant, Rao’s constant and Vander Waal's constaggests the complex formation in the mixture. ®bserved
decreasing trend of molar volume, available volumd free volume indicates the close associatiowdmt solute
and solvent molecules.

The experimental ultrasonic velocity along with dietical ultrasonic velocity which is computed bging
theoretical models namely Nomoto’s relation, impegtarelation, Van-Deal and Vangsetquation and Junjie’s
equation are given iffable 3.The percentage deviation in experimental and thiealedata is calculated and is
given inTable 4To check the validity of theoretical models averpgecentage error is computed and chi-square
test has been applied.
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Table4: Experimental and theoretical ultrasonic vebcities in the liquid mixtures of ethyl acetate andexane at temperature 292 K and
frequency 2 MHz

Mole Fraction Uexp Unom Uivp Uvov Usun
X, Xs ms* ms? ms? ms* ms*
1.C 0.C 1160.0(¢ | 1159.9¢ | 1160.0( | 116C.0C | 1159.9!
0.c 0.1 1088.0( | 1150.6( | 1153.2{ | 1150.9" | 1146.0°
0.8 0.2 1105.20 11415 1146.23 1142{19 1134.00
0.7 0.3 1090.40 1132.9 1138.98 113366 1123.51
0.6 0.4 1113.60 11245 1131.47 112536 1114.36
0.5 0.5 1064.00 1116.5 1123.68 111729 1106.40
0.4 0.€ 1084.0( | 1108.7" | 1115.5¢ | 1109.4: | 1099.4¢
0.2 0.7 1044.00 | 1101.2¢ | 1107.2: | 1101.7¢ | 1093.4°
0.2 0.8 1092.60 1094.0 1098.49 1094(34 1088.27
0.1 0.9 1060.80 1087.1 1089.42 1087/08 1083.79
0.0 1.0 1080.00 1080.3 1080.00 1080{00 1079.97

o |00

oo

It can be clearly observed from Table 3 that therm deviation of experimental ultrasonic veloditym theoretical
data. The accuracy of predictive data given byndtzal models depends upon the type of interagii@sent in the
liquid system. These models generally be unsucgessfforetell accurate data where there is a gtnmlecular
interaction existing in the liquid mixture.

Further, Table 4 shows that average percentage anw the value of chi square test is minimum famjié's
equation as compared to other theories. The masorefor deviation from theoretical data is th&¢tiaction among
the molecules of the liquid is not considered iesth models. As soon as two liquids are mixed tegethere are
certain forces like hydrogen bonding, charge tmmsflispersive force, dipole-dipole and dipole-ioelth dipole
which comes into play due to which interaction betw the molecules occurs. Therefore, these dengafimm
experimental data evidences the presence of strmigcular interaction in the mixture. Similar kinfiresults were
obtained by earlier workef&®!

Table5: Percentage deviations between experimentahd theoretical ultrasonic velocities and chi squae test in the liquid mixtures of
ethyl acetate and hexane at temperature 292 K andeiquency 2 MHz

Mole Fraction

%Unom %U vp %Uvpv %U jun

1.0 0.0 0.0019 0.0000 0.000d 0.0039
0.9 0.1 -5.7536 -5.9957 -5.7875  -5.3371
0.8 0.2 -3.2921 -3.7126 -3.3471  -2.6062
0.7 0.2 -3.898¢ -4.455:¢ -3.967¢ | -3.036:

0.6 0.4 -0.9844 -1.6045 -1.0565  -0.0684
0.5 0.5 -4.9360 -5.6089 -5.0088  -3.9850
0.4 0.6 -2.2847 -2.9149 -2.3466  -1.4277
0.3 0.7 -5.4873 -6.0544 -5.5358  -4.7382
0.2 0.8 -0.1345 -0.5392 -0.1589 0.3964

0.1 0.c -2.479:. -2.698¢ -2.477(C | -2.167:
0.0 1.0 -0.0335 0.0000 0.000d 0.0028

APE -2.6620 | -3.0531 | -2.6987 | -2.0876
Chi Squar 117.357: | 145.179' | 120.101( | 83.959(

CONCLUSION

The density, ultrasonic velocity and viscosity d@fidry liquid mixture has been measured experimbntaid are

used to calculate various parameters. The varigtiorthe derived acoustical parameters indicateptlesence of
strong molecular interaction in the mixture. Thendioear behaviour shown by Wada’'s constant, Varweal’s

constant and Rao’s constant suggests the presénoenplex formation in the mixture. The experiméni&rasonic

velocity is compared with the theoretical velocdgta obtained by Nomoto’s relation, impedance deeen
relation, ideal mixture relation and Junjie’'s egomat It is found that Junjie’s method is the bagtable model to
predict ultrasonic velocity. In addition to thisstheviation of experimental values from theoretizth confirms the
presence of strong molecular interaction in thetomix
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