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ABSTRACT

The measurements of ultrasonic velocity (U) andsitiefo) of the ternary mixture of Di-(2-ethyl- hexyl ppbsric
acid), Benzene and Toluene are carried out forreringe of compositions of the mixtures at 298.45K13.15K
and used to evaluate thermodynamic parameter sscisemtropic compressibility (Kintermolecular free length
(Ly), acoustic impedance (Z), molar volume,XVWada's Constant (W) and Rao’s constant (R). Exce
thermodynamic parameters, such as excess isentmgricpressibility 4Ks), excess free lengthdl), excess
acoustic impendenced?) and excess velocitydy) have been computed. The ultrasonic velocity basn
calculated using various theoretical model and ¢hteoretical relations have been discussed irpteeent system.
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INTRODUTION

Ultrasonic studies of liquid mixtures consistingpaiar and non polar components are of considefaigertance in
introducing intermolecular interaction between timmponent molecules, and they find applicationsereral
industrial and technological processe®i-(2- ethyl- hexyl) phosphoric acid (DEHPA) is emof the effective
extract antemployed commercially in the solventamtion processes to recover uranium, vanadiumugrtt cobalt
and ziné"> The molecules of DEHPA, one of the components fiogrthe ternary mixtures are polar and show non-
ideal behaviors in mixtures. DEHPA is an acidicrast ant which cans deprotonate to form an anidms T
hydrophobic anion can chelate a cat ion from areags phase in solvent extraction and the chelatey lsaitable

in the organic phase. In the present system, DER&2been treated with the organic aromatic diluéasbenzene
and toluene.

In the present study, ultrasonic velocities in thmary mixtures have been estimated by calculdtiegexcess
properties and it gives the idea about the stratttinanges associated with the liquids. The expariai sound
velocities have been compared with theoretical aigés predicted through various empirical relasipsuch as
Nomotorelation§ Rao’s specific sound velocity relatiprimpedance dependence relafidbanussomod@| Van

Deal and Vengeel Relatibh In our earlier work the molecular interaction in ternary mixturesdf(2- ethyl-

hexyl) phosphoric acid with non-polar liquid namélenzene and m-xylene, the acoustical propertiee stedied.
Hence this investigation has been carried out tolysthe physico -chemical properties of di-(2- éthyexyl)

phosphoric acid with benzene and toluene.
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EXPERIMENTAL SECTION

All the chemicals used in this study were of Anizlgt Reagent grade and were obtained from E Mehekricals
limited, India. These chemicals were further pedfby standard proceduré¥' and redistilled before use. Ternary
mixtures were prepared by mass in airtight botfléee mass measurements were performed on a digitébading
balance with a precession of 0.0001 g. Densitigsuoé liquids and their mixtures were determinethwai specific
gravity bottle of 25 ml capacity calibrated at falifferent temperatures from 298.15K to 313.15KeTitcrement in
temperature was kept regular at 5K, with a viewettsuring measurable effects of temperature chamge o
experimental observations. The maximum error indhasity measurement was found to be + 0.01 Ky Tine
ultrasonic velocity was determined using a singlgstal variable path ultrasonic interferometer (E-8/ittal
Enterprises, New Delhi) working at frequency of Pikwith an accuracyof 0.5 m/s. The temperaturdnefdample
was controlled by circulating water at the abovagerature to an accuracy of + 0.1K in an electrahjcontrolled
thermostatic water bath for the measurement ahalphysical properties.

Theoretical aspects:

Various molecular interaction parameters such astiepic compressibility (§ intermolecular Free length fl.
acoustic impedance (Z), molar volume Y Wada’s constant (W), Rao’s constant(R) were rddteed using the
following standard relation§-***

K= ptlj 2 (1)
L, =kK? )
Where k [=(93.875 + 0.379 x107] is the Jacobson temperature dependent constant.
Z=pU (3)
3
Vo =3 XM, /p
i=1 (4)
w=V, K )
R=V,, U (6)
The excess parametersY() such adK; AL; AZ,andAU are derived by the following expressions.
AY=Y exg= Yidea= Ym— (X1 Y1+ % Yot X3Y3) (7

Where Y, is the K, Ly Z, U of ternary mixture and x is the mole fraatiand subscripts 1,2 and 3 refers to
components of ternary system.

The theoretical values of ultrasonic velocity sashl,, Ur, Upr Uy are calculated by the following relation 15-17

Uy = ( ¥ XiRi )3 ®)

> Xivmi

13

Wherex, U,,V;are the respective mole fraction, ultrasonic véjoenolar volume and R= V; U™ the molar sound

velocity of the ' component in the liquid mixture.

Up=(>xn0f ©)

Where r= U /p; is the Rao’s specific sound velocity amds the density of thé"icomponent of the mixture.

Upr =D %Z /> %P (10)
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Where zis the acoustic impedanceiifcomponent of the mixture

Up=(1/p) [1/Mem)Z(xM;0p V7 (11)
— 1 12 X1 X2 X3 \-112
Uy = [(X1m1+X2m2+X3m3)] X (m1U12 + myUy2 + m3U32) 12)

The percentage of deviation is ultrasonic velobi#yween experimental and computed values can belatdd as

(%) % :(Uexp—Utheo) x 100 (13)

Uexp
REASULTS AND DISCUSSION

The measured values of the ultrasonic velocity i density §) of the ternary mixtures of DEHPA with two
nonpolar solvents benzene and toluene at temperednge 298.15K — 313.15K are used to evaluatedhes of
isentropic compressibility (Ks), intermoleculardriength (L), acoustic impedance (Z), molar volume,JVWada’'s
constant (W) and Rao’s constant (R) are presentethe table-(1). The excess properties suchlasAKs, AZ and
AU are described graphically in figures 1 to 4.

Table-1 Measured values of ultrasonic velocity (Uensity(p) and calculated values of isentropic compressibili (K s), intermolecular
free length (L) ,acoustic impedance (Z) ,molar volume (M), Wada'’s constant (W) and Rao’s constant (R )aemperature 298.15K-

313.15K
% % P U Ks L¢ Z Vi W R
! 2 % | kgm?| mis | 10N | 10Um | 10%Kgmi%st 10" mPmorlt [10°m® mol Nm?)] | [10“m*mol(msY)]
298.15K
0.032 | 0.526| 0.442 875.0 1233 7.5174 5.6393 1.07$8 0.5291 0.2117 0.1129
0.069 | 0.511| 0.420 885.8 1240 7.3421 55732 1.0983 1.3864 0.2297 0.1223
0.117| 0.481| 0.402 896.0 1254 7.2008 5.5191 1.11%5 2.5374 0.2536 01349
0.176 | 0.446] 0.37§ 904.0 1249 7.091D 54771 1.1291 3.9838 0.2835 0.1506
0.238 | 0.413| 0.350 912.8 1252 6.9890 5.4375 1.1428 5.4740 0.3144 0.1668
0.323| 0.372] 0.303 925.4 12§59 6.8174 5.3703 1.16%51 7.4308 0.3554 0.1882
0.406 | 0.321] 0.273 936.F 1264 6.6820 5.3167 1.1889 9.3375 0.3954 0.2091
0.544 | 0.261| 0.195 947.8 12142 6.5244 5.2536 1.2049 2.5628 0.4630 0.2449
0.720| 0.160] 0.120 954.0 1293 6.2698 5.1%01 1.2385 6.8034 0.5531 0.2920
303.15K
0.032| 0.526] 0.442 871.1 1214 7.7892 5.7927 1.0575 0.5762 0.2116 0.1128
0.069| 0.511] 0.420 88l.fy 1221 7.6076 5.7247 1.0765 1.4393 0.2296 0.1223
0.117| 0.481| 0.402 8915 1236 7.4627 5.6701 1.0929 2.6007 0.2536 0.1349
0.176 | 0.446] 0.37§ 898.p 1229 7.367Y7 5.6337 1.1043 4.06Z8 0.2832 0.1507
0.238| 0.413] 0.350 909.F 1232 7.2424 5.5856 1.1208 5.5267 0.3139 0.1665
0.323| 0.372] 0.303 9225 1239 7.0614 5.5154 1.1429 7.4856 0.3547 0.1878
0.406 | 0.321| 0.273 932.y 1246 6.9059 5.4%44 1.1621 9.4204 0.3953 0.2090
0544 | 0.261] 0.195 944y 1254 6.731H 5.3851 1.1846 2.62B9 0.4622 0.2440
0.720| 0.160[ 0.120 946.8 1216 6.4869 5.2$63 1.2081 7.00Z2 0.5546 0.2929
308.15K
0.032| 0.526] 0.442 865.5 1201 8.0108 5.9274 1.0394 0.6447 0.2121 0.1131
0.069 | 0.511| 0.420 876.2 1206 7.8470 5.8666 1.0566 1.5111 0.2300 0.1225
0.117| 0.481] 0.402 886.p 1211 7.6919 5.8084 1.0785 2.6718 0.2539 0.1351
0.176 | 0.446| 0.374§ 895.8 1213 7.5870 5.7686 1.0866 4.1118 0.2834 0.1505
0.238| 0.413] 0.350 904.8 1219 7.4377 5.7116 1.1029 5.6108 0.3144 0.1668
0.323| 0.372] 0.30§ 918.p 1224 7.271D 5.6472 1.1286 7.5713 0.3551 0.1880
0.406 | 0.321| 0.273 927.8 1232 7.1011 5.5808 1.1431 9.52B0 0.3958 0.2093
0544 | 0.261] 0.195 939.8 1242 6.9016 5.5019 1.1666 2.7589 0.4632 0.2446
0.720| 0.160( 0.120 941.2 1264 6.6501 5.4007 1.1896 7.16Z9 0.5561 0.2937
313.15K
0.032| 0.526| 0.442 856.3 1186 8.3024 6.0885 1.01%5 0.7590 0.2133 0.1139
0.069 | 0.511| 0.420 869.6 1191 8.1069 6.0164 1.03%6 1.5985 0.2307 0.1229
0.117| 0.481] 0.402 884.2 1195 7.9198 5.9466 1.0566 2.7048 0.2536 0.1348
0.176 | 0.446| 0.374§ 891.6 1199 7.801y 5.9021 1.0691 4.1783 0.2836 0.1506
0.238| 0.413] 0.350 900.8 1201 7.6964 5.8621 1.0818 5.6801 0.3142 0.1667
0.323| 0.372 0.309 911.y 1208 7.5165H 5.7932 1.1013 7.6927 0.3558 0.1884
0.406 | 0.321] 0.273 923.0 1218 7.303p 5.7103 1.1242 9.6245 0.3962 0.2096
0544 | 0.261] 0.195 935.F 1227 7.0986 5.6298 1.1481 2.84325 0.4631 0.2446
0.720| 0.160( 0.120 939.1 1246 6.8589 5.5339 1.1701 7.2286 0.5547 0.2930
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Table-1 shows that, ultrasonic velocity and denisityease with increase in mole fraction of DEHRAl @lecrease
with increase in temperature. While isentropic coespibility Ks and intermolecularfree length, ldecrease in
concentration of DEHPA and increase with increasthé temperature. According to Kincaid and Ea(it@), the

ultrasonic velocity increases with  decrease ie ihtermolecular free length and vice versa. Theusiic

impedance (Z) increases with in concentration oHPEB.The increase in acoustic impedanceindicatepitbgence
of bulkier or solvated ion due to interaction bedweinlike molecules which restrict the free flowsofind waves.

As DEHPA is a polar molecule and it exists as dimgne pure form, and both benzengHlg) and toluene (&)

are nonpolar molecules and they areof ring typectire. The reduction of benzene and toluene @dhtesystem
ring structured molecules which occupy less spackiacrease the compactness. The molar volugpénvreases
with increase in mole fraction of DEHPA (Table-This reduces the net attractive forces. A contisudecrease in
Ks and L and increase in acoustic impendence (Z) with cotnaBon of DEHPA is a clear evidence for the
existence of strong interactions like dipole-dipal@ole-induced dipole, hydrogen bonding formatmncharge
transfer complexes etc. The increase in the vabdids, K, V,, and decrease in Z with increase in temperature
clearly reveals that the interaction becomes weatitn rise in temperature. Further, it is obsentedt the
increasing trend of Wada's constant (W) and Rao'sstant (R) with mole fraction of DEHPA indicateostg
solute-solvent interaction.

Although all measured parameters indicate the exigt of molecular interaction, probably the exqessmeters
rather offer better conformation in understandimg mature of molecular interaction in liquid mixar Figure-1 and
Figure-2 indicate thakl; and\Ks are positive over the entire mole fraction mrand even with rising of
temperature in the ternary mixture. The positiveiateon in AL; andAKs in ternary system has been attributed to
dispersive forces that show weak interaction betwtee unlike molecules. The similar observation,ge¢in our
previous worf
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Fig-1-Deviation in intermolecular free length @ALy) Fig-2-Deviation isentropic compressibility AKs)
vs. mole fraction (%) of DEHPA vs. mole fraction (X) of DEHPA

This result agrees with negative variationaf andAU in figure-3 and figure-4. The negative deviationdicate
that there is weak interaction between the compometecules”. The negativé\U shows that, the mutual loss of
dipolar association among DEHPA molecules betweka &nd unlike molecules. Which create dispersive
interaction between the component molecules. Tihugay be concluded that, there are weak moleéataractions
among the components of the mixture.

It is evident from Table-2 that there is good agrest between the experimental and calculated olias/elocities

even though assumption and approximation are ntadieei theory. In this ternary system, the suitgbiif these
theories based on percentage deviation valugy)issWy > Up > Ug> Uy
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Fig-4-Deviation in ultrasonic velocity QAU) vs. mole fraction (%) of DEHPA

Table — 2 Comparison between experimental and theetical values of ultrasonic velocity with mole fagon (x;) of DEHPA at 303.15K

Ultrasonic Velocity, U Percentage DeviatiodA(/U)%

) Uexp Un Uipr Ur Up Uy Un | Upr Ur Up Uy

Mole fraction () m/s m/s m/s m/s m/s m/s m/s| m/s | m/s | m/s| mis
0.032 1214 1284.6 12729 13026 1286.2 1236.5 5:8.8 -7.3 -5.9| -1.8
0.069 1221 1288.9 12718 13367 1288.6 1198.6 [5:8.1 94| 55 1.8
0.117 1226 1293.1 12705 13637 12940 11585 5:8.6 | -11.2| -55 5.4
0.176 1229| 1298. 1269.0 13740 1308.7 1120.2 5:8.2 | -11.8| -6.0 8.8
0.238 1232| 1302.6 12673 14053 1305.0 1089.0 5.:2.8 | -14.0| -5.9| 11.6
0.323 1239| 1307.2 12649 14260 1306.1 10615 5:8.1 | -15.0] -5.4| 14.3
0.406 1246| 1310.1 12628 14399 1306.6 10469 5:1.3 | -15.5| -4.8/ 15.9
0.544 1254| 1315.2 12590 14371 1309.4 10434 4-8.4 | -14.6| -4.4| 16.7
0.720 1276 1319.4 12548 13740 13245 1085.2 |[346 -7.7 -3.8| 14.9

CONCLUSION

The present investigation shows that, weak moledataraction exists in the ternary mixtures. Thosifive values
of AKs, AL and negative values @Z and AU in the ternary mixture indicate the presence ehkvmolecular
interaction among the component of molecules imtheure.

Among the five theories taken for the predictiorutifasonic velocity, IDR is found to show bettengparison with
the experimental values for the system investigated
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