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Abstract: The ultrasonic velocity, density and viscosity in ternary liquid mixtures of tri-n-
butyl amine (TBA), n-hexane with aliphatic alcohols viz., 1-pentanol and 1-hexanol have
been measured at three different temperatures 303, 308 and 313 K for the entire range of
concentration using an ultrasonic interferometer. The measured data are used to compute the
acoustical properties, namely adiabatic compressibility (), free length (L), free volume (V)
and internal pressure (m;) and their excess values. The intermolecular attraction between
the components dependence on the mutual association of similar molecules and there
disassociation due to attraction between dissimilar molecules. The strength of the bond
dependence on the length of the alkyl chain and the branching in the allyl group.
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INTRODUCTION

Ultrasonic study of liquids and liquid mixtures has gained much importance during the last two
decades in assessing the nature of molecular interactions and investigating the physicochemical behavior
of these systems. Molecular association is very well studied by several workers using ultrasonic
method especially in the case of aleohols. Alcohols are polar liquids (Venkatesu et al., 2006), strongly
self-associated by hydrogen bonding to the extent of polymerization that may differ depending on
temperature, chain length and position of the OH group and dilution by other substances. As hexane
is a nonpolar chain molecule, the alcohol molecules associate with hexane medium and form clusters
(Crossley, 1971). Liquid tertiary amines (Wolff and Gamer, 1972; Landeck ef af., 1977; Cibulka and
Nagata, 1987, Wolff et af., 1995, Matthias Kwaterski et af., 2006, Megiel et al., 2001) are weakly
polar, non-associated, strong proton acceptors. It is well known, that mixture containing associating
components like alkanols and amines are highly non-ideal systems. Due to the formation of hydrogen
bonds between the different species large negative heats as well as volumetric effects are observed upon
mixing. Therefore in order to have a clear understanding of the intermolecular interactions between the
l-alkanol + n-hexane + TBA molecules an attempt has been made to measure density, viscosity and
ultrasonic velocity for the mixtures at three different temperatures over the entire composition range.
From the experimental values, a few acoustical parameters such as adiabatic compressibility ([3),
intermolecular free length (L), free volume (V), internal pressure () and their excess parameters have
been calculated. These parameters are found to be sensitive in exploring the interactions between the
component molecules, which enable us to have a better understanding of the liquid mixtures.

MATERIALS AND METHODS

The chemicals (AR-grade) 1-pentanol, 1-hexanol, n-hexane and Tri-n-butyl amine (TBA) used in
the present study were purified as per standard procedures (Vogel, 1989).
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The density of the various systems at different temperatures 303, 308 and 313 K has been
measured using relative measurement method and the viscosity of the mixtures was measured using an
Ostwald’s viscometer.

The ultrasonic velocity of the liquids mixtures are measured using a single crystal variable path
interferometer at 3 MHZ (Modsl M81) supplied by Mittal Enterprises, New Delhi, India. The
temperature of the liquid mixturss was maintained constant by circulating water from a
thermostatically controlled water bath with an accuracy of £0.01 K.

Theory

From the measured value of the ultrasonic velocity (U), density (p) and viscosity (m), the
following acoustical parameters were calculated:

Adiabatic compressibility () = ULE (1)
p

Intermolecular free length (L, ) = K. pH? @)

The values of K for different temperatures were taken from the work of Jacobson (1952), where
K;is a temperature dependent constant,

342
Free volume (V,) = {M} (3)
nk

where, M.y 1s the effective molecular weight, K is a temperature independent constant equal to
4.28x10° for all liquids.

716
M.

K'ﬂ 172 pzf3
Internal pressure () =bRT [7J { } 4

where, b stands for the cubic packing factor which is assumed to be 2 for all liquids and solutions, R
is the gas constant and T is the absolute temperature.

Excess Values
Excess parameter A" by definition represent the difference between the parameter of real mixture
(A,;;) and those corresponding change to an ideal mixture (A;) as:

A=A, —Ay (3

A, =X A X, where A, is any acoustical parameter and X, is the mole fraction of the liquid component.
RESULTS AND DISCUSSTON

From Table 1, it can be seen that the density, viscosity and ultrasonic velocity increase with

increase in mole fraction of alcohols and the same is decrease with increase of temperature. The

increasing values of p, 1 and U with show that there is a moderate attraction between solute and

solvent molecules. The decrease of values with temperature shows a decrease in intermolecular forces
due to increasing the thermal energy of the system.
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Table 1: Values of density (p), viscosity () and velocity (I

pkgm™ n x10° Nsm™? U msec™!
Mole fraction Temperature (K) Temperature (K) Temperature (K)
X X 303 308 313 303 308 313 303 308 313

System I: 1-propanol + n-hexane + Tri-n-butylamine

0.0000 0.6999 761.2 7542 7347 1.1967  1.0988 0.9636 11654 11562 1141.8
0.0997 0.6005 763.8 7572 7371 1.2202  1.1306 1.0006 11749 11581 1149.2
0.1994 0.5009 767.7 760.0 7399 1.2543 1.15610 1.0413 11787 11663 11531
0.3003 0.4002 770.8 763.7 7427 1.3046  1.2032 1.0723 11848 1173.0 11604
0.4003 0.2999 773.8 7671 7449 1.4343 1.2569 1.1163 11916  1181.7 1166.7
0.5003 0.2000 776.7 769.9 7472 1.5254  1.3499 1.1596 11962 11849 1170.9
0.6004 0.0999 779.0 7735 7504 1.5760  1.4616 1.2538 12011 11914 11774
0.7002 0.0000 781.9 776.6  753.0 1.6765 1.5341 1.3443 12083 11957 1185.7
System I1: 1-hexanol + n-hexane + Tri-n-butylamine

0.0997 0.6006 768.1 7608 7454 1.2310  1.1361 1.0255 11784 11685 1154.7
0.1997 0.5006 771.5 7647  747.6 1.3194  1.2187 1.0720 1183.7 1170.7 1161.0
0.2994 0.4008 774.8 7679 7494 1.3949  1.2900 1.1320 11895 1177.8 1168.6
0.4005 0.3000 778.2 7705 7524 1.5151 1.3781 1.2196 11943 11863 11721
0.5003 0.2002 781.3 7741 755.0 1.6472  1.5380 1.3790 12002 1191.1  1177.2
0.5993 0.0988 784.8 7774 7572 1.8373 1.6898 1.5210 12059 1199.6 1182.9
0.7002 0.0000 788.0 7802 7594 2.0492  1.8803 1.6373 1213.8  1201.2 1191.0

Table 2: Values of adiabatic compressibility (3), free length (L), free volume (V,) and internal pressure (1))

[ x10" pa™? I, 10" m V, 107 m* mol ! T, x107° pa
Mole fraction Temperature (K) Temperature (K) Temperature (K) Temperature (K)
X X 303 308 313 303 308 313 303 308 313 303 308 313

System I: 1-propanol + n-hexane + Tri-n-buiylamine

00000 0.6999 96732 99187 104404 06206 0.6334 06560 2.1064 23658 2.8271 2.4388 23704 22307
00997 0.6005 94857 9.8472 102729 06145 06311 06507 1.8917 21640 24505 2.6617 2.5958 24470
01994 0.5009 93724 96736 10.1651 0.6109 0.6255 0.6473 1.6366 1.8084 2.0930 2.9149 2.8467 2.7066
03003 0.4002 92427 95162 99999 06066 0.6204 06420 13899 15460 1.8080 3.2433 3.1627 29942
04003 02999 91012 93353 98631 06020 06145 06376 1.0782 12980 1.5213 3.7339 353473 33526
0.5003 0.2000 89979 92514 97611 0.5985 0.6117 0.6343 0.8680 1.0280 12683 4.2634 4.0722 37824
06004 0.0999 8.8982 9.1084 96128 05952 0.6070 0.6295 07210 0.7976 0982 4.8419 4.7365 43950
System II: 1-hexanol + n-hexane + Tri-n-butylamine

07002 0.0000 8.8479 9.0081 94460 0.5935 0.6036 0.6240 0.5696 06367 0.7665 5.6580 5.4922 5.1398
00997 06006 93759 96272 100612 06110 06240 06440 1.8643 21068 2.4132 2.6272 2.3697 24022
0.1997 0.5006 92506 9.5410 99230 06069 06212 06395 1.5731 17429 2.0864 2.8839 2.8254 26320
02994 04008 9.1221 93876 97710 0.6026 0.6162 0.6346 1.3291 14725 1.7704 3.2314 3.1057 29573
04005 03000 90088 92224 96741 05989 06108 06315 1.0695 12205 1.4398 3.6418 3.5189 33013
05003 0.2002 8.8706 9.0984 95528 0.5943 0.6067 0.6275 0.8565 09379 1.0852 41206 4.0285 3.6449
05993 0.0988 8.7629 89384 94384 05907 06013 0.6237 0.6514 07328 0.8403 47662 4.6295 42165
07002 0.0000 8.6134 8.8829 92835 0.5856 0.5994 0.6186 0.4948 0.5542 0.6734 5.5275 5.3747 50271

The primary alkanols are having a characteristic carbo cation. The stability of a charged system
is increased by the dispersal of the charge. Hence, any factor that tends to spread out the positive
charge of the electron deficient carbon and distribute it over the rest of the ion must stabilize the carbo
cation. Further, this carbo cation will be stabilised by electron donating substituents. The alkyl group
of alcohols attached to the carbon atom bearing positive charge exerts an electron-releasing inductive
effect and this reduces the positive charge of the carbon atom to which it is attached, in doing so, the
alkyl group itself becomes positive. Therefore dipole-dipole interaction or hydrogen bonding is
expected between the molecules.

The free length L, dependence on the adiabatic compressibility and show a sirmlar behavior to that
of the compressibility and inverse to that of velocity. It decreases with increase in concentration of
alcohol for both the systems, indicating that there is a significant interaction between solute molecules,
due to which structural arrangements are considerably affected in Table 2.
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Free volume of the system decrease whereas the internal pressure increases with increase in
concentration of alcohol. This suggests the close packing of the molecules inside the shield, which may
be brought about by the increasing magnitude of interactions (Mecke, 1950).

The excess functions are found to be more sensitive towards intermolecular interactions in liquid
mixtures. Figure la and 2a shows positive values of F suggest that rupture of the associated structure
of the alcohols dominates the hvdrogen-bond interactions between like molecules. It is interesting to
note that the values of B* become more positive as the carbon chain length increases, suggesting the
strength of hydrogen bond between TBA and alcohol molecules should follow the order of 1-pentancl
< 1-hexanol.

The change of LZ (Fig. 1b, 2b} from to increasingly negative excess values shows, greater strength
of interaction between the components and may be qualitatively interpreted in terms of closer
approach of unlike molecules leading to reduction in volume and compressibility.
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The values of VF (Fig. 1¢, 2¢) are negative and decrease with increase in the concentration of
alcohols, which indicate the presence of strong molecular interaction and the magnitude of V Findicates
the formation of complex between the hetero molecules of the mixtures. Increase in the internal
pressure gives rise to the negative values of mF (Fig. 1d, 2d) as its dilution causes disruption of
aromatic C-H bond stretching.

CONCLUSION

Thus the ultrasonic study of the liquid mixtures serves as a probe to detect the molecular
association arising from the hydrogen bonding between nitrogen atoms of Tri-n-butyl amine (TBA) and
OH group of alcohol molecules. The non-linear variation of acoustical parameters with concentration
reveals the complex formation which is also strongly supported by the excess parameters in the ternary
liquid mixtures.
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