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Abstract: Ulirasound velocity, density and viscosity have been observed of acrylic acid in
Benzene, Toluene and 1, 4-Dioxane at temp. 30°C, 35°C & 40°C. The isentropic
compressibility, intermolecular free length, molar volume, viscosity and their
excess values also have been computed in these systems. The nature and extent of
molecular interaction parameter (@) is also calculated and found to be useful in
understanding the interaction in ternary liquid svstems.
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The study of intermolecular interactions 15 of considerable importance in the elucidation of
the formation of complexes and plays an important role in the liguid mixtures. The
intermolecular interactions influence the structural arrangement along with the shape of
molecules. Lagemann and Dunbar' was the first to point out the sound velocity approach for
qualitative determination of the degree of association in liquids. There has been an increasing
interest in the study of molecular in binary liguid mixtures by many experimental
proccdun:ﬁz'?&_ applied 1t order to determine the nature and strength of molecular interaction.

Prakash et. al*'' determined ultrasound velocity and density experimentally of some
ternary non=aqueous liguid = liguid systems and computed thermodynamic properties like
isentropic compressibility intermolecular free length, available and free volumes and their
excess values. Which decide the nature and extent of interaction in terms of excess properties.
Recentaly Kannapann et.al'? computed ultrasound velocity theoretically using Nomoto's
relation, jacobson’s free length theory and Schaft’s Collision factor in ternary mixtures of (1)
Acetone - Toluene - Carbon tetra chlonde, (1) Benzene — Acetone — Toluene and {(111)
Cyclohexane — Carbon tetra chlonde — Ethyl acetate.

The present paper reports the results of the ultrasound study of molecular interaction in
the following ternary liquid mixtures : (1) Acrylic acid - Benzene = Toluene, (11) Acrylic acid
— Toluene = 1, d4=Dioxane and (111) Acrylic acid - 1, 4 Dixone = at temp. 300C, 350C and
400C.

The molecular interaction terms (=c) has also been calculated for all the mixtures and
discussed in the light of interactions between molecules.

EXPERIMENTAL :

Ultrasound welocities were measured using single erystal ultrasound interferometer of
2MHz frequency and the data were accurate upto 0.2%. Densities of the mixtures have been
determined by pyknometer and electrical valance. The viscosities have been determined by
using ostwald viscometer. The temperature was maintained by an electronically controlled
thermostat. Acrylic acid (B.D.H., Poole England), Benzene (AR/B.DH.), Tolucne
(E.Marck) and 1. 4-Dioxane (Reedal De Haen) were purified by standard methods.

The 1sentropic compressibility, intermolecular free length, molar volume were caleulated
using the following relations :

B.=1/i'p
Lj' =K. 18:
V. =M/p™

where :"':ir= A:M +X2MI +.)[;M3
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X, X, & X, are mole fraction of component 1,2 & 3

The excess parameters A" can be calculated from the relations :
A" =4 =y,
and

A, =X A+X,A,+X. A4,
Where the symbols have their usual significance.

Molecular interaction (o) the degree of intermolecular interaction (=) is given by :

Where, Uiy is calculated following the equation suggested by Van Dael & Vangeel”
given by -

1 X X X
XM+ XM, + XM, U, MU} MU} MU’
RESULTS and DISCUSSION :

Ultrasound velocity, density and viscosity have been observed of Acrylic acid as comman
componant in Benzene, Toluene and 1, 4-Dioxane at temp 30°C. The isentropic
compressibility, intermolecular free length, specific acoustic impedence, molar volume,
viscosity and their excess values also have been computed in these systems and tabulated
(From 1 to 30). It is observed that ultrasound velocity decreases on increasing mole fraction
of Acrylic acid in each system. It is also decrease with increasing temperature.

It is clear from plotted graphs (1 to 3) that excess isentropic compressibility of Acrylic
acid with Benzene, Toluene and 1, 4-Dioxane are negative while excess viscosity of above
acrylic acid in temary system are positive. The excess negative values of B. and positive
values uFT]Ewill favour for strong interaction between the molecules of ternary mixtures.

The increasing mole fraction of above liquids cause more deviation of P., Ly, Vm and
opposite nature of n is due to polarization of non-polar molecules of benzene and toluene by
the more diploe moment values of the acid. Benzene and Toluene are highly polarizable so
these molecules polarized by acid molecules due to more value of dipole movement as
observed by Joesten et.al."*

Adgaokar et.al” also observed the greater association of toluene substituted compound
with non-polar molecules. The associating nature of acrylic acid with highly polarizable
molecules acid at 0.5014 in system (1), while it is greater in other two system is which
Toluene concentration is more. Therefore it is concluded that Toluene is most associating
nature in comparision to benzene and 1, 4-Dioxane.

Ultrasound velocity (v), Density (P), Viscosity ()., Isentropic compressibility (f).
Interaction free length (L¢), Molar volume (V) and Molecular interaction parameter (=) of
Acrylic acid ternary systems at 30°C, 35°C and 40°C.
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Table -1
Acrylic Acid + Tolune + Benzene

at temp. 30°C

Mol fraction Mok fRcios u pRiml w B Ly o =
Acryles af Arsmatic mix . e (A% M limate
Acid (X g Hydrocar- dyne
Ban (X1
[XTTT] [XTTT] 1282 XTI [FETH Th.68 b.a304 [TEE #.0B0DD
[T T.0000 HH BEAEE [FFT3] HET] (5T TesH1 Tonoon |
[(ETEE [(AET] (FLF] [ET5E) [FIT]] TEE [FET] [ET wooeeT |
[EEIE] [EELE] 1704 [TTED [EEH] [EET] [T [T [XTTIE
[SITE] [RTTT] Ti08 [ErTT LR F] [T w077 [ETTET
[ETTE] [ETE] 1328 FEEED] AT [TET] b.3907 W3 AT B.DDERD
Ton0e [T Ti60 CEITE CXTT 4.4 [ETTH 7I.08 w.oooon |
Table = 11
Acrylic Acid + Toluene + 1, 4-Dioxan
Tem. 30°C
o Xz v P n W, . Vo P
0.0 040 1. i 140 [T 1.zoZz1 5182 [EETH #2107 [T
0.0 00 0. 0 1287 [T 4402 7131 [E1H [ETRE] [
[(ITERT 02000 1218 [T h.ozal KT [T [ETT] [(ETEER
01aT1 [EHT] 1410 [T walnz 5115 04545 Feon 067403
02545 04340 1204 [T [T 5340 0.45A7 EE.50 [
03443 0.5501 [T bATRY wa?T? §3%5] 04572 ET.27 0.1XETT
[T 0.2543 (ETT] BTRY [T 538l hoanll LT [y Ess
1004 0.0 1360 L6 11 BLEEDG 5414 [ 5 TLiln ]
Table = II1
Acrylic Acid + Benzene + 1 4-Dioxane
Temp. 30°C
X, %2 v ¥ " B, [ Vo -
20060 1.0 [TE] R [T I (Y [ENH .60
[~ #.ouon [ET=] (13 CETIT] [EETH T.68 [EETT W11 [RC=T
[T [EZIT] 1814 [ETIL 10 E I [y [T 0.0386K
[AET]] (31T [ [ETT] [ETTH] EFRL] I [ERT] [IETH)
[EITEH [T 1308 [ETE] (B EERT] (X [FR] 018754
[XTE] [ErE] [ [T [T [FET) wADT4 ] 0.12340
LTI [IET] TIEE CEE [ETEE EENTY TABDE BT (TSN
[T R 1508 [T [E 53,14 CYTTH EERT) 0.beaan
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