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Abstract
Ultrasonic techniques are frequently used in organic molecule conformation analysis. Mixtures of ternary liquid com-
plexes are extensively used for comprehending the strength as well as the characteristics of the interactions between 
molecules. Experimentally, the thermo physical properties of ternary liquid mixtures such as viscosity (η), density (ρ) and 
velocity (u) of K-contin, (2-Aminoacetamido)acetic acid and non-aqueous medium were determined over temperature 
ranges of 298.15, 308.15 and 318.15 K. The experimental data were used to ascertain the thermoacoustic parameters 
such as free volume, internal pressure, adiabatic compressibility, solvation number, specific acoustic impedance and 
intermolecular free length. These parameters are more useful for predicting and validating molecular interactions.

Keywords  K-contin · (2-Aminoacetamido)acetic acid · Ultrasonic velocity · Acoustic parameters · Solvation · Internal 
pressure · Free volume

1  Introduction

It is crucial to assess the materials’ physical and chemical 
features regardless of how they are produced. Exposure 
to ultrasonic sound waves can give insight into the prop-
erties of solid or liquid materials. Liquid-Liquid mixtures 
and the combinations of liquids have many applications 
in the healthcare, pharmaceutical, chemical, solvent and 
allied sectors 1.

Ultrasonic studies have increasingly focused on under-
standing molecular interactions that occur in both pure 
liquids and mixtures of liquids [2–4]. Assessment of the 
velocity of ultrasonic waves is frequently used for investi-
gating the physical and chemical behaviour of liquid mix-
tures [5, 6]. The potassium ion is the predominant intracel-
lular cation in most bodily tissues. It plays cardinal roles 

innerve impulse transmission, contraction of smooth mus-
cles, skeletal muscles and cardiac muscles. Potassium ions 
play an important role in several physiological processes, 
including maintaining proper renal function [7]. Low blood 
potassium levels can be treated and prevented with potas-
sium chloride. The potassium ion is used in the treatment 
of hypokalemia, fertilizers and explosives. (2-Aminoaceta-
mido)acetic acid is used in the synthesis of more complex 
peptides.

Moreover, the potassium ion aids in the solubilization 
of recombinant proteins in Escherichia coli. Specifically, 
it cleaves Staphylococcus aureus peptidoglycans, which 
are generally derived from staphylococci. Measurements 
of ultrasonic velocity and density were conducted for 
both pure components and ternary mixtures of quino-
line, methanol, and toluene across the entire composition 
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range at 30, 35, 40 and 45 °C is investigated by Kavitha 
et  al. [8].The molecular interactions of the antibiotic 
doxycycline hyclate were investigated using ultrasonic 
and viscometric methods [9]. At varied temperatures, the 
interactions between molecules within the ternary liquid 
mixtures have been investigated through thermodynamic 
studies [10].

This current study involves measuring the density, 
viscosity, ultrasonic velocity and additional thermoa-
coustic measurements for the ternary system of K-contin 
and (2-Aminoacetamido)acetic acid in non-aqueous for-
mamide at 298.15, 308.15 and 318.15 K. As ternary mix-
tures contain molecular interactions and the results are 
explained and discussed.

2 � Materials and methods

The polar protic solvent used in the present study is for-
mamide, (2-Aminoacetamido)acetic acid, which forms 
the solute and K-contin which functions as the co˗solute. 
Varying molalities (0.001, 0.005, 0.01, 0.025 and 0.05 m) of 
solute, (2-Aminoacetamido) acetic acid) and a set molal-
ity (0.01 m) of the co-solute, K-contin were used to pre-
pare the solutions. The salts were weighed using a Kern 
electronic balance, which has an accuracy of ± 10−4 g, to 
prepare the non-aqueous solutions.

2.1 � Ultrasonic velocity measurement

Ultrasonic velocity was measured using digital ultrasonic 
interferometer of fixed frequency 2 MHz with on accuracy 
of ± 0.2 m s-1 (Model F-81 Mittal enterprises, New Delhi). 
The measuring cell of the interferometer is a specially 
designed double walled vessel with provision for main-
taining temperature constant. A digital constant tempera-
ture bath operating in the temperature range 0 to 90 °C 
with an accuracy of ± 0.1 °C has been used to circulate 
water through the outer jacket of double walled measur-
ing cell containing the experimental liquid/solution.

2.2 � Density measurement

An Anton Paar DMA 4100 Digital density meter was used to 
calculate the density of non-aqueous peptides dissolved 
in electrolyte solutions with an accuracy of 0.0001 g/cc.

2.3 � Viscosity measurement

The viscosities of the solutions are measured using a 
specially designed Cannon Fenske viscometer (± 0.1% 
error) with the experimental solution is immersed in a 

temperature controlled water bath. The time of flow was 
measured using a stop watch with an accuracy of 0.1 s.

3 � Computation analysis

 There are several different concentrations of ternary mix-
tures of density (ρ), viscosity (η) and ultrasonic velocity (u) 
at various different temperatures as shown in Table 1 and  
Figs. 1, 2 and 3.

The following equations were used to define ‘u’, ‘ρ’ and 
‘ �’.

where, ‘f’= frequency of ultrasonic waves, ‘λ’= wavelength 
of ultrasonic waves.

where, ρ1 and W1 are the density and weight of the solu-
tion respectively; ρ2, W2 indicate the density and weight 
of the solvent respectively.

where η1 and η2 are viscosity of solutions and solvent 
respectively; ρ1, and ρ2 are the density of solutions and 
solvent respectively; t1 = time of flow of solutions, t2 = time 
of flow of solvent.

The standard relations have been used to calculate the 
following parameters based on the measured data.

The value of ‘b’ represents cubic packing and is equal 
to 2. The constant k is dimensionless and is not depend-
ent on the temperature or characteristics of fluids, with a 
specific value of 4.281 × 109. T = Absolute temperature in 
Kelvin, R = Universal Gas Constant, Meff= effective molecu-
lar weight, � = Viscosity of solution (N s m−2), ρ = Density 
of the solution (kg m−3) and u = ultrasonic velocity of the 
solution (m s−1).

where, Meff = ΣmiXi. Here, mi= molecular weight of each 
constituent, Xi= mole fraction of that constituent in the 
mixture.
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where u and ρ are as defined for Eq. (4)

The parameter K, known as Jacobson’s constant, is 
directly proportional to the square root of the absolute 
temperature and can be expressed as K α 

√
T , where α 

denotes the proportionality.

where u and ρ are as defined for Eq. (4).

where Sn is the primary solvation number, ni moles of ions 
are solvated with niSn moles of incompressible solvent, 
ns moles of solvent corresponding to a total volume V of 
solution, β = the compressibility of solution and β0 = the 
compressibility of the solvent.

(6)Adiabatic compressibility �ad =
1

u2�

(7)Intermolecular free length Lf = K
√
�

(8)Specific acoustic impedance Z = �u

(9)Solvation number Sn =
ni

ns

[
1 −

�

�0

]

4 � Results and discussion

In Table 1, the density, viscosity and ultrasonic velocity 
of K-contin and (2-Aminoacetamido) acetic acid ternary 
mixtures in non-aqueous formamide calculations are per-
formed across the entire mole fraction range at various 
temperatures 298.15 K, 308.15 and 318.15 K.

Based on all experimental temperatures, Tables  2 
and 3 report the values for the derived thermo-acoustic 
parameters.

Figures 1, 2, 3, 4, 5, 6, 7, 8 and 9 show how the ultra-
sonic velocity, density and viscosity varied as a function 
of molality across a temperature range as well as how the 
thermodynamic parameters such as internal pressure and 
free volume which can be evaluated across a range of tem-
peratures. They also show the variation of intermolecular 
free length as well as specific acoustic impedance and 
adiabatic compressibility as well as a function of internal 
pressure

From Table 1, the variations in ultrasonic velocity pro-
vide the details regarding the structural variations within 
samples. As the mole fraction increases, the viscosity of 

Table 1   Ultrasonic velocity (u), 
Density (ρ) and viscosity (η) of 
ternary mixtures of K-contin 
and (2-Aminoacetamido)
acetic acid in non-aqueous 
formamide at 298.15, 308.15 
and 318.15 K

m u/ms−1 ρ 103/kgm−3 η/Pa s

298.15 K 308.15 K 318.15 K 298.15 K 308.15 K 318.15 K 298.15 K 308.15 K 318.15 K

0.001 1601 1580 1560 1.127 1.121 1.1152 0.1876 0.1589 0.1278
0.005 1602 1581 1560 1.1306 1.1246 1.1182 0.1935 0.1645 0.1316
0.01 1602 1581 1561 1.1312 1.1255 1.1186 0.1976 0.1669 0.1339
0.025 1603 1582 1562 1.132 1.1261 1.1196 0.1924 0.158 0.1283
0.05 1605 1584 1565 1.1326 1.1268 1.1212 0.2018 0.1626 0.1325

Table 2   Internal pressure (πi), 
Free volume (Vf) and solvation 
number (Sn) of ternary 
mixtures of K-contin and 
(2-Aminoacetamido)acetic acid 
in non-aqueous formamide at 
298.15 K, 308.15 and 318.15 K

m πi (109)/Pa Vf (10−9)/m3 Sn

298.15 K 308.15 K 318.15 K 298.15 K 308.15 K 318.15 K 298.15 K 308.15 K 318.15 K

0.001 1.4143 1.3495 1.2532 26.9317 33.8686 46.0581 − 26.62 − 5.55 12.18
0.005 1.4384 1.3751 1.2732 25.7444 32.1895 44.1303 − 13.58 2.45 13.92
0.01 1.4531 1.385 1.284 24.9781 31.5335 43.0256 − 9.03 3.36 11.72
0.025 1.4322 1.3455 1.2551 26.0556 34.3379 46.0238 − 4.11 2.9 7.92
0.05 1.4628 1.3611 1.2724 24.3782 33.0641 44.1041 − 1.5 2.88 6.4

Table 3   Intermolecular free 
length (Lf), Specific acoustic 
impedance (Z) and Adiabatic 
compressibility ( �ad ) of ternary 
mixtures of K-contin and 
(2-Aminoacetamido)acetic acid 
in non-aqueous formamide at 
298.15 K, 308.15 and 318.15 K

m Lf (10−11)/m Z (103)/kg m−2 s−1 �ad (10−12)/Pa−1

298.15 K 308.15 K 318.15 K 298.15 K 308.15 K 318.15 K 298.15 K 308.15 K 318.15 K

0.001 1.1647 1.2046 1.2416 1805 1771 1739 34.6034 35.736 36.8613
0.005 1.1624 1.2018 1.2394 1811 1778 1745 34.4628 35.5751 36.7335
0.01 1.1617 1.2010 1.2387 1813 1780 1746 34.4266 35.5249 36.6893
0.025 1.1608 1.2000 1.2375 1815 1782 1749 34.3684 35.4687 36.6165
0.05 1.1593 1.1981 1.2344 1818 1785 1754 34.2836 35.3515 36.433
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Fig. 1   Changes in Ultrasonic velocity with Molality
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Fig. 3   Changes in Viscosity with Molality
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Fig. 4   Changes in Internal pressure with Molality
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Fig. 5   Changes in Free volume with Molality
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Fig. 6   Changes in Solvation number with Molality
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solution increases, indicating a close association between 
solute, co-solute and solvent molecules.

With respect to concentration, ultrasonic velocity 
increases due to molecular interactions in these solu-
tions, which may be ascribed to the cohesion created 
in the samples used for the study. With increasing tem-
perature, the cohesion and frictional forces between mol-
ecules decrease due to the increased thermal motion of 
the molecules.

The density of the solutions increases as the concen-
tration increases, which may be attributed to the more 
compact packing of molecules within the solution. It was 
observed that the density increases with temperature. 
Due to the presence of solvent molecules, the density 
decreases with the mole fraction due to the shrinkage in 
volume.

Viscosity is a critical parameter that helps delineate the 
structures and interactions between molecules occur-
ring in solutions. Increase in ultrasonic velocity occurs 
as the mole fraction increases, demonstrating a moder-
ately strong electrolytic relationship between the solute 
and the solvent. Thus, these mixtures exhibit increased 
velocity due to molecular interactions. The decrease in 
viscosity as temperature increases may be attributed to 
the enhanced movement of molecules and ions within 
the solution [11]. Ternary systems can be studied with the 
help of the variation in internal pressure [12] to reveal the 
strength and nature of intermolecular forces [13]. From 
Table 2, it is found that internal pressure (πi) increases as 
the concentration increases.

The free volume (Vf) of a sample decreases with an 
increase in concentration and increases with a tempera-
ture rise (Table 2). In ternary mixtures, there is a strong 
association between the molecules, causing a decrease in 
free volume [14, 15]. Free volume changes in ternary solu-
tions are opposite to internal pressure, changes can occur 
as a result of variations in both concentration and temper-
ature. The attraction between molecules potentially leads 
to a reduction in the compressibility value due to struc-
tural re-arrangements of the constituents [16]. Decrease 
in adiabatic compressibility ( �ad ) as the mole fraction of 
K-contin and (2-Aminoacetamido)acetic acid increases in 
non-aqueous formamide, indicates a close-set packing 
and increased ionic repulsion.

The reduction in intermolecular free length with an 
increase in the concentration of the solution suggests 
the presence of significant interactions between the 
peptide and drug. This results in a decrease in the dis-
tance between adjacent molecules within the solution. 
This decrease in intermolecular distance could poten-
tially be as a result of the formation of dipolar associa-
tions and hydrogen bonds between the molecules in 
solution [17].
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According to the current study, a reduction in inter-
molecular free length increases ultrasonic velocity and 
decreases adiabatic compressibility. As the sound energy 
propagates through a medium, its specific acoustic imped-
ance (Z) offers opposition [18]. The acoustic impedance 
increases with increasing mole fraction and decreases with 
increase in temperature of K-contin and (2-Aminoaceta-
mido)acetic acid in non-aqueous formamide, indicates 
that significant interactions between the molecules 
component.

Ion-solvent interactions are often studied using the 
solvation method. Pertaining to K-contin and (2-Ami-
noacetamido)acetic acid in non-aqueous formamide at 
below room temperature, negative solvation numbers 
are observed for almost all concentrations. Above room 
temperature, positive solvation numbers are observed 
for all concentrations. A solvation number that is positive 
implies that the solution’s compressibility at all concentra-
tions could be lower than that of the solvent. Conversely, 
a negative solvation number implies that the solvent is 
less compressible than the solution. When the interac-
tion between the ion and the solvent is the same as the 
intermolecular interaction energy, the solvation number 
is zero. The solvation number’s decline with increasing 
molality could be attributed to either a limited number of 
solvent molecules available for all the ions or preferential 
ion-pairing [19, 20]

5 � Conclusion

Ultrasonic is a technique that is non-destructive and versa-
tile and is valuable for investigating the different physico-
chemical features of solutions, such as adiabatic compress-
ibility, internal pressure, free volume and intermolecular 
free length. In this study, ultrasonic studies were carried 
out on solutions of K-contin and (2-Aminoacetamido)ace-
tic acid in non-aqueous formamide at different tempera-
tures. K-continis commonly used as an electrolyte supple-
ment in medications. Based on experimental readouts of 
density, viscosity, ultrasonic velocity, among other derived 
thermoacoustic parameters, it was found that there exists 
molecular association and solute, co-solute and solvent 
interactions between components in the ternary mix-
tures of K-contin and (2-Aminoacetamido)acetic acid in 
non-aqueous formamide medium. This study uses varia-
tions in temperature to clearly show that the strength of 
the intermolecular interactions decreases as temperature 
increases and increases with increasing the concentration.
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