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ABSTRACT 

We have used an ultrasonic interferometer to test the ultrasonic velocity, density, and viscosity of ternary 

liquid mixes of tri-n-butyl amine (TBA), n-hexane, and aliphatic alcohols, namely 1-pentanol and 1-

hexanol, across a wide concentration range at temperatures of 303, 308, and 313 K. The acoustic 

characteristics are calculated by using the observed values of adiabatic compressibility (), free length (Lf), 

free volume (Vf), and internal pressure I and their excess values. Mixtures of 1-alkanols with N-N 

dimethylformamide (DMF) such as 1-propanol and 1-butanol have had their ultrasonic velocity, density, 

and viscosity tested at 303 K. In this study, we find that the molecules only interact with one another 

weakly. Dissociation of 1-propanol's hydrogen-bonded structure also occurs with inclusion of a non-polar 

component with the polar alcohol. In the 1-prpoanolcyclohexane system, the degree of molecular interaction 

is rather modest. 

Keywords: - Adiabatic compressibility, hydrogen bonding, Internal pressure, excess properties, I-alkanols. 

INTRODUCTION 

In the past two decades, ultrasonic research into liquids and liquid mixtures has been more important for 

determining the character of molecular interactions and exploring the physicochemical behavior of these 

systems. Several researchers, focusing on alcohols in particular, have done extensive work employing 

ultrasonic technique to study molecular association. Alcohols are polar liquids that strongly self-associate 

through hydrogen bonding to an extent that may vary with temperature, chain length, OH group location, 

and dilution. Hexane's nonpolar chain structure encourages the clustering of alcohol molecules inside its 

medium. Tertiary amines in liquid form are potent proton acceptors despite their low polarity and lack of 

association. In recent years, ultrasonic velocity measurement has been successfully used to the study of 

molecular interactions in both pure liquids and liquid mixtures. 

Quantitative information regarding the physical type and degree of molecule interaction in the liquid mixes 

may be gleaned through ultrasonic velocity measurements, which are very sensitive to molecular 

interactions. Understanding the nature of molecular interaction in pure liquids, binary, and ternary mixtures 

may be aided by measuring their ultrasonic velocities, which are directly connected to the binding forces 

between the atoms or molecules. The structural changes associated with liquid mixes with weakly 

interacting components and highly interacting components are vividly illuminated by the changing of 

ultrasonic velocity and related parameters. 

The progress of molecular research is inextricably linked to the investigation of molecular interaction. Many 

researchers have utilized ultrasonic waves to study the physics and chemistry of liquids in their purest, most 

complex forms. Density and viscosity measurements, together with ultrasonic velocity measurements, 

provide a plethora of information on the interplay of ionic, dipolar, hydrogen-bonding, multipolar, and 

dispersive forces. Since mixed solvents provide a broad variety of mixes of two or more components in 

different amounts to facilitate continual modification of desired medium characteristics, they have 
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essentially replaced single liquids as the preferred solvents in almost all chemical and industrial operations. 

Solutions formed by combining dissimilar substances seldom exhibit the properties of perfect solutions. 

Many acoustical and thermodynamic variables, in particular excess or residual qualities, may be used to 

describe the divergence from ideality. 

LITERATURE REVIEW  

Xiong, Zhixin ET.AL. (2016) Two organic liquid three-component systems with varying compositions 

were studied in depth by analyzing their near-infrared transmission spectra. Experimental spectra of the pure 

components were compared with "pure component" spectra created computationally in order to examine the 

interaction of the individual components in the two systems. Principal component analysis (PCA) was found 

to be a more effective tool to investigate the difference between these spectra and derive parameters 

characterizing the interaction between the different components than the correlation coefficient (CC) and 

Manhattan distance (MD), which are typically used to measure the similarity of spectra. As a result, there 

emerged distinctive patterns that accurately conveyed the distinctions between the two spectrum types as 

indicated by their respective PC scores. Distances in Euclidean space between theoretically produced and 

experimentally observed spectra of pure components were determined for a set of major components chosen 

at random. Finally, the indices for ranking the interaction of the components in the mixes were supplied by 

the mean values of the distances for each component. These findings provide a practical method for 

quantitatively assessing the molecular interactions of the constituents in organic liquid mixes using a wide 

range of spectroscopic techniques. 

Otto, Matthias. (2016) Analytical data are introduced here, along with the basic methods of representing, 

converting, and storing them. It demonstrates how to assign codes to spectra and chemical structures in 

analytical databases, as well as how to conduct library searches and simulate spectra. Searches for spectra 

and chemical structures rely on similarity and distance metrics. Sequential searching, inverted list searching, 

and tree-based hierarchical search are only a few of the methods that have been developed. Spectral 

exploration methods are outlined. It is necessary to utilize interpretive approaches when a library spectrum 

cannot be used to determine a chemical structure. This necessitates the use of AI and pattern recognition 

techniques. In this way, a variety of possible chemical structures for the mystery molecule may be 

generated. The most accurate simulations in infrared (IR) spectroscopy are found to be based on quantum-

chemical methods. For NMR spectroscopy, simulations fare better. 

R. Chithra devi et.al. (2018) At 303K, 308K, and 313K, respectively, the density, viscosity, and ultrasonic 

velocity (U) of a ternary liquid mixture of Acrylonitrile (AN), benzene, and N-methyl aniline were 

determined using an ultrasonic interferometer operating at 2 MHz frequency. Standard relations have been 

used to derive many acoustic and thermodynamic parameters from the experimental data, including 

adiabatic compressibility (), intermolecular free length (Lf), acoustic impedance(Z), and free length and free 

volume. We investigated the findings by looking at how the thermodynamic parameters changed. As a 

result, we get a deeper insight into the behavior of liquid mixtures thanks to the sensitivity of these 

parameters to examining the interaction between the component molecules. These findings have been 

explained in terms of a dipole-induced dipole interaction. 

Firdosa Nabi ET.AL. (2014) This article's goal is to summarize what is known about interactions in binary 

liquid mixes of organic compounds. Due to their widespread use across many domains of solution 

chemistry, molecular interactions in organic binary liquid mixtures are fascinating. Fantastic outcomes may 

be seen in the thermodynamics of the interactions between the molecules that make up different systems. 

The varying patterns of interaction between the molecules studied in organic liquid mixtures are reflected in 

the data. As the number of segment types rises, so does the number of parameters needed to describe the 

attributes of a specific class of mixes. The use of excess thermodynamic functions has facilitated theoretical 

and experimental studies of interactions between dissimilar molecules in recent years. Properties of liquid 

mixes are composition-dependent, since they are determined by forces between molecules, as well as the 

type and volume of these molecules. The thermodynamic characteristics of the mixes then reflect this shift. 

Excess thermodynamic qualities are explored and explained in light of the impact of major contributions 

from the chemical, physical, and geometric realms. 

R.Ezhil Pavai ET.AL. (2016) At 303, 308, and 313 Kelvin, ultrasonic velocity, density, and viscosity were 

determined for two ternary liquid combinations of aniline+ toluene+ methyl isobutyl ketone and N-
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methylaniline+ toluene+ methyl isobutyl ketone, respectively. The acoustical parameters were derived from 

the data, including the adiabatic compressibility, free length, free volume, internal pressure, Gibb's free 

energy, and their excess parameters. The acquired findings provide evidence for the presence of molecular 

association through intermolecular hydrogen bonding, and the sensitivity of the excess functions to the kind 

and amount of the connections in these ternary mixes is shown. 

MATERIALS AND METHODS 

Concentrations of 1-propanol (x1), toluene, benzene, and cyclohexane -(x2), all measured at 303K, are 

created by adjusting the mole fraction of each system from 0.1 to 0.9. An ultrasonic interferometer (Mittal 

Enterprises, New Delhi, Model: F81) operating at frequency 3MHz and providing an overall accuracy of 0.1 

ms-1 has been used to detect ultrasonic velocity in liquid mixtures. To an accuracy of 0.1kg m3 and 0.001 

Nsm2, respectively, a Pyckno meter and an Ostwald's Viscometer are used to measure density and viscosity, 

respectively. Everything that could have been done to reduce experimental error was. Constant liquids are 

tested in the apparatus. When compared to previous studies, the results obtained are shown to agree quite 

well with the literature. The chemicals utilized in this study were procured from Sd fine chemicals India and 

E-merck, Germany, and were either of analytical reagent (AR) or spectroscopic reagent (SR) quality with a 

minimum assay of 99.9%. 

Theory Using the measured data,  

the Adiabatic compressibility (β) have been calculated. 

 

 

Intermolecular free length (Lf) has been calculated from relation 

 

where KT is a temperature dependent constant. 

Free volume (Vf) has been calculated from relation, 

 

 

for which the effective molecular weight (M eff = mi xi, where mi and xi are the molecular weight and mole 

fraction of the various parts, respectively) is calculated. At room temperature, all liquids have the same 

value for the constant K, which is 4.28 *109. 

Internal pressure (πi) has been calculated from relation, 

 

 

K is a constant, T the absolute temperature, η the viscosity in Nsm–2, U the ultrasonic velocity in ms–1, ρ the 

density in Kgm–3, M eff the effective molecular weight.  

The excess values are calculated as, 
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Where                                      is any acoustical parameters and Xi the mole fraction of the liquid component. 

DATA ANALYSIS  

From Table 1, we may deduce that density, viscosity, and ultrasonic velocity all rise with increasing mole 

percentage of alcohols and fall with increasing temperature. Solute and solvent molecules are somewhat 

attracted to one another, as seen by the rising values of, ρ, η and U with. As the system's thermal energy 

rises, the intermolecular interactions are shown to weaken, as seen by a reduction in values with rising 

temperature. 

Table 1: Values of density (ρ), viscosity ( η) and velocity (U) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Values of adiabatic compressibility ( β), free length (Lf), free volume (Vf) and internal 

pressure ( πi) 

 

 

 

 

 

 

 

 

 

 

Carbocation characteristics are present in the major alkanols. Spreading out the charge makes a 

charged system more stable. So, the carbo cation must be stabilized by any agent that tends to 
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disperse the positive charge of the electron-deficient carbon and distribute it across the 

remainder of the ion. Furthermore, electron-donating substituents will serve to further stabilize 

this carbo cation. Because of the inductive action of the alkyl group of alcohols on the positively 

charged carbon atom, the latter's positive charge is diminished, and the alkyl group gains a 

positive charge as a result. Since this is the case, the molecules should interact with one another 

through dipole-dipole interaction or hydrogen bonding. 

The adiabatic compressibility has a comparable effect on the free length Lf as the compressibility 

has on the velocity, and vice versa. It diminishes as alcohol concentration increases for both 

systems, showing strong interactions between solute molecules, which in turn significantly alters 

structural arrangements as seen in Table 2. 

 

 

 

 

 

 

 

 

Fig. 1a-d: System I-Mole fraction vs excess values of adiabatic compressibility, free length, free 

volume and internal pressure, respectively 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2a-d: System II-Mole fraction vs excess values of adiabatic compressibility free length, free 

volume and internal pressure, respectively 

As the alcohol content rises, the free volume of the system diminishes and the internal pressure rises. This 

indicates that the molecules within the shield are packed closely together, which might be the result of the 

growing strength of the connections between them (Mecke, 1950). 
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It is revealed that the surplus functions are more attuned to intermolecular interactions in solutions. If you 

look at Figures 1a and 2a, you'll see that positive values of βE indicate that hydrogen-bond interactions 

between similar molecules are dominated by a break in the related structure of the alcohols. Intriguingly, the 

values of βE grow increasingly positive as the carbon chain length rises, implying that the strength of the 

hydrogen connection between TBA and alcohol molecules should increase from 1-pentanol to 1-hexanol. 

Increasingly negative excess values for Lf
E (Fig. 1b, 2b) indicate a stronger interaction between the 

components, and this trend may be qualitatively explained by a decrease in the distance between the 

molecules, which leads to a smaller volume and greater compressibility. 

Strong molecular interaction is present, as shown by the negative values of Vf
E (Fig. 1c, 2c) and a drop in 

these values as alcohol concentrations rise; also, the size of Vf
E suggests the development of complex 

between the hetero molecules of the mixes. Because dilution disrupts aromatic C-H bond stretching, an 

increase in internal pressure leads to a decrease in πi
E (Fig. 1d, 2d). 

CONCLUSION  

To identify the molecular association caused by the hydrogen bonding between the nitrogen atoms of Tri-n-

butyl amine (TBA) and the OH group of alcohol molecules, ultrasonic analysis of the liquid mixes is used. 

Conclusions on the formation of hydrogen bonds between DMF and 1-alkanols at 303 K are drawn from 

measurements of ultrasonic velocity, associated acoustical parameters, and their excess values for these 

binary liquid mixtures. Additionally, the addition of DMF results in the dissolution of the hydrogen-bonded 

structure of 1-alkanols. The assessed excess values demonstrate, without a doubt, that the molecular 

interaction is stronger in system-II than in system-I. 
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