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ABSTRACT

The ultrasonic velocity, density and viscosity at 308 K have been measured in the binary systems of 1,4-dioxane and
ethanol with methanol. From the experimental data, various acoustical parameters such as adiabatic
compressibility (8,), intermolecular free length (L), free volume (V;), internal pressure (JI;), were calculated. The
results are interpreted in terms of molecular interaction between the components of the mixtures.
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INTRODUCTION

The ultrasonic studies are extensively used tonasé the thermodynamic properties and predictritexrnolecular
interactions in pure liquid [1], liquid mixtures-B] and ionic interactions in electrolytic solut®f6,7]. Though the
molecular interactions studies can be best cargat through spectroscopic methods [8,9] the othen n
spectroscopic techniques such as dielectric [10pgnmtic [11] ultrasonic velocity and viscosity [1Z}1
measurements have been widely used in field ofant®ns and structural aspect evaluations stuthethe present
work an attempt has been made to investigate thaviimur of binary solutions of methanol and ethanol, 4-
dioxane with regard to adiabatic compressibilingermolecular free length, free volume and intepraksure from
ultrasonic measurements at 308 K.

MATERIALS AND METHODS
Solutions of different molality (m) were preparegr 'each binary system. The ultrasonic veloclty (n liquid
mixtures which prepared by taking purified AR gradamples, have been measured at 308 K using arsaiiic
interferometer (Mittal type, Model F-83) working 2tMHz frequency. The accuracy of sound velocitys w.1
ms-1. The densityp] and viscosity if) were measured using a pycknometer and an Ostwaldcometer
respectively with an accuracy of 3 parts i i density and 0.0001 Nshfor viscosity.

RESULTS AND DISCUSSION
Various acoustical parameters such as adiabatipaEssibility, free length, free volume and interpedssure, were
calculated using the experimental data of ultrasspund velocity, density and viscosity by thedeling equations
(1-4).

Ba= W)t 1)

Ly=Kpa®> 2)
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Vi= (Meg UMKY¥2 ©)
JIi= bRT(Kn/U)Y(p* M L (4)

Where K; is the temperature dependent constant having & 218.5906*18 in MKS system at temperature 308
K, K is constant equal to 4.28*1ih MKS system, b is a cubical packing fraction talkes 2 for all the liquids, R is
the Universal gas constant, T is the experimeetaperature, M = X x;m;, where xis the mole fraction and;rs
the molecular weight of the component.

The measured parametesg., ultrasonic velocity (U), density) and viscosity) and calculated parameters such
as adiabatic compressibilitg, intermolecular free length_{), free volume (V) and internal pressurélj for the
system I: 1,4-dioxane+ Ethanol at temperature 308 K are given in Table 1. Tablsh@ws, the measured
parametersiz., ultrasonic velocity (U), density) and viscosity 1) and calculated parameters such as adiabatic
compressibility ), intermolecular free length{), free volume (Y) and internal pressureélj for the system II:
1,4-dioxane+ Methanol at temperature 308 K. Table shows that, in bbthdystem | and system II, velocity
increases with concentration of 1,4-dioxane in mthand methanol. This indicates that strong irtioa observed

at higher concentrations of X. The density valuse Aave the same trend with velocity in the systemd system

Il. Viscosity decreases in system | and systensufgesting thereby more association between sahdesolvent
molecules.

From the same Table 1 and Table 2, it is obserkiat adiabatic compressibilityy) decreases with increase in
concentration of 1,4-dioxane as expected. Thisegme in structural order of ethanol and methangl reault in
more cohesion, and leads to a decreadgk.ifihe decrease if, results in an increase in the value of U. The free
length (;) is another parameter which is calculated usintasnic velocity and adiabatic compressibilityisit
observed that.;, decreases with the concentration of 1,4-dioxamesystem | and system Il. Decrease in
intermolecular free length leads to positive dewsratin sound velocity and negative deviation in poessibility.
This indicates that the molecules are nearer irsyiseem.

The computed other parameters like free volumg d4d internal pressurél) system | and system Il are given in
Table 1 and 2. The variation in free volumeg)(Mcreases with increases in molality of 1,4-dioxén system | and
system II. The free volume is the space availabtelie molecule to move in an imaginary unit c€his reduces
internal pressure. The variations in internal puessare given in the same Table 1 and 2. As stabede the
internal pressurelk) decreases with increase in molality of 1,4-diaxam both the systems | and Il. An inverse
trend, as expected, is seen in the free volumeggsaim both the systems. The observed decreasgssval V in
system | and Il are due to close association batwekite and solvent. Thus, a progressive deciadsee volume
and increase in internal pressure in methanol-lodathe mixtures clearly indicates the existencaoofsolvent
interaction, due to which the structural arrangen®nonsiderably affected.

The variations of Velocity ), Density p), Viscosity ;) and adiabatic compressibility3J with respect to
compositions (X)of 1,4-dioxane + Ethanol& 1,4-dioxane + Methanolare shown irFig. 1(A), 1(B), 1(C)and
1(D) respectively.

Table 1: Velocity ), Density (), Viscosity @), Adiabatic compressibility (), Intermolecular free length
(Ly), Free volume (V) and Internal pressure (I;) of 1,4-dioxane + Ethanol at 308 K.

U p

X  (m/s) (kg/m®) n*10° (Nsinf) B,*10%° (Pa’) Li*10%° (m) V107 (mPmol®)  J1i*10% (P)

0.0 12296 769.46 0.715 8.5958 0.6035 0.7962 7.53
0.1 12288 781.43 0.702 8.4752 0.5992 0.9321 6.81
0.2 12336 790.4 0.670 8.3139 0.5935 0.1134 6.09
0.3 12376 796.4 0.636 8.198 0.5893 0.1378 5.46
04 12416 805.4 0.594 8.0544 0.5842 0.1702 4.90
0.5 12450 8144 0.562 7.9221 0.5793 0.2046 4.44
0.6 12493 8323 0.527 7.6975 0.5711 0.2481 4.06
0.7 12530 853.3 0.491 7.4645 0.5624 0.3020 3.72
0.8 1256.0 889.2 0.457 7.1287 0.5496 0.3661 3.46
0.9 12616 958.1 0.433 6.5578 0.5271 0.4317 3.32
1.0 12736 1015 0.401 6.0741 0.5073 0.5287 3.13
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Table 2: Velocity U)

, Density ), Viscosity ), Adiabatic compressibility (2), Intermolecular free length

(Ly), Free volume (VM) and Internal pressure (I;) of 1,4-dioxane + Methanol at 308 K.

U Li*107°
X  (m/s) p(kg/nP) n*10° (Ns/nf) PB,*107° (Pah) (m) V{107 (mPmol®)  J1i*10° (Py)
0.0 10632 770.35 0.439 11.484 0.6975 0.772 9.69
0.1 1019.0 808.4 0.438 11.913 0.7105 0.925 8.46
0.2 10290 823.4 0.434 11.471 0.6971 1.173 7.22
0.3 1038.0 8443 0.431 10.993 0.6824 1.442 6.32
0.4 10460  883.2 0.428 10.348 0.6621 1.735 5.69
05 1077.3  919.2 0.423 9.3737 0.6302 2.137 5.11
0.6 10827  928.1 0.418 9.1918 0.6240 2.506 4.59
0.7 1109.3  958.1 0.413 8.4816 0.5995 2.993 4.19
0.8 11648  973.1 0.408 7.5746 0.5665 3.673 3.76
0.9 12256 1003 0.405 6.6375 0.5303 4.455 3.43
1.0 12736 1015 0.401 6.0741 0.5073 5.287 3.13

Fig.1(A): Velocity (U)
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Fig.1(B): Density (p)
((1,4-dioxane + Ethanol & 1,4-dioxane + Methanol))
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Fig.1(C): Viscocity @)
((1,4-dioxane + Ethanol & 1,4-dioxane + Methanol)
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Fig.1(D): Adiabatic compressibility (Ba)
((1,4-dioxane + Ethanol & 1,4-dioxane + Methanol))
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Fig. 1: The variations of Velocity (), Density (), Viscosity @) and Adiabatic compressibility @.) with
respect to compositions (X) of 1,4-dioxane + Ethah& 1,4-dioxane + Methanol are shown in Fig. 1(A)1(B),
1(C) and 1(D) respectively.

CONCLUSION

The ultrasonic velocity, density, viscosity andesthelated parameters were calculated. The obséneedase of
ultrasonic velocity indicates the solute-solverteiaction. The existence of type of molecular iat¢ion is solute-
solvent is favored in system | and I, confirmeanfrthe U p, n, Ba, L; andJli data.
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