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Abstract 
The densities, ρ and viscosities, η of binary mixtures of ethylene glycol with formamide, N,N-dimethyl 
formamide and N,N-dimethyl acetamide were calculated at 308.15 K K over the whole formulation 
spectrum were reported in the present study. These deviation/excess properties have been fitted to 
Redlich−Kister type polynomial. The strength of interactions follows the order EG+DMA > EG+DMF 
> EG+FA. The values of the experimental viscosity are contrasted with the values of the viscosity 
derived from various observational relations and are in good accordance with the values of the 
experiment. 
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Introduction 
Measuring the speed of sound in liquids allows some useful acoustic and thermodynamic 
parameters to be calculated, which are shown to be very sensitive to molecular interactions. 
Ultrasonic velocity and its associated properties have been widely used in a number of liquid 
mixtures to study physio-chemical activity and molecular interaction [1]. The volumetric and 
viscometric properties of binary mixtures have been very useful in extracting knowledge on 
the relationships of solvents and geometric results in structures [2, 3]. Direct uses in the 
pharmaceutical and biochemical industries are found in the study of the properties of liquid 
mixtures and solutions. Quantitative and qualitative data on the ultrasonic speed, density and 
viscosity of liquid mixtures are needed for many engineering and technical problems [4].  
Ultrasonic, volumetric and viscometric experiments on binary mixtures, glycol as one 
component and +2-methoxy ethanol, +formamide, +2-butoxy ethanol, +water as another 
component have been conducted by so many researchers in previous years [5-9]. The 
volumetric properties of (acetonitrile + amide) binary mixtures at temperatures between 
293.15 K and 318.15 K were stated by Nain [10]. Volumetric properties of 2-alkoxyethanol 
binary mixtures of N, N-dimethyl formamide and N,N-dimethyl acetamide at 298.15 K have 
been recorded by A. Pal et al. [11]. Anjali Awasthi and Aashees Awasthi [12] have been 
researching the intermolecular interactions of multi-temperature formamide+2-
alkoxyethanols in recent years. The volumetric properties of N,N Dimethyl acetamide + 
water binary mixtures were reported by Das et al. [13] at temperatures from 298.15 K to 
318.15 K. 
In view of the industrial importance of liquid mixtures, in this study we reported ultrasonic 
velocities (u), densities (ρ) viscosities (η) of the liquid mixtures. The ultrasonic properties 
such as isentropic compressibility, free length, acoustic impedance, isothermal 
compressibility, thermal expansion coefficient, enthalpy and relaxation time are measured at 
a fixed temperature 308.15 K. Thermodynamic properties are measured, such as free space, 
internal pressure and excess Gibb's free viscous flow activation energy, viscosity variance, 
excess molar volume, partial molar volume and excess partial molar volume. In this analysis, 
partial molar volumes at infinite dilution are measured and recorded for excess partial molar 
volumes at infinite dilution and properties such as molar isentropic compressibility and 
partial values. In terms of molecular interactions occurring within the molecules of these 
mixtures, the differences of these properties with composition are discussed. Nomoto, Van  
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Dael, Impedance relationships and viscosity data are 
compared to separate viscosity models such as Grunberg 
and Nissan, Hind et al., and Frenkel with the experimental 
ultrasonic velocity data of all binary liquid mixtures. 
 
Materials and Methods 
Ethylene glycol (EG), formamide (FA), N,N-dimethyl 
formamide (DMF) and N,N-dimethyl acetamide (DMA) 
compounds of high purity and analytical reagent (AR) grade 
were obtained from LOBA Chemicals, India. By standard 
methods, the above chemicals used in the present 
investigation are further purified [14]. liquids obtained is > 
0.995. Binary mixtures of EG with FA/DMF/DMA are 
prepared so that the entire composition range is covered (i.e. 
0-100% of EG). The mixtures were prepared by mass in air-
tight bottles. The mass measurements have been performed 
with a METTLER TOLEDO (Switzerland) ABB5-S/FACT 
digital balance with an accuracy ±0.01 mg. The uncertainty 
in the mole fraction is 10–4. The density and viscosity 
measurements of liquid mixtures have been measured using 
a two stem double-walled Parker & Parker type pycnometer 
[15] and Ostwald viscometer respectively. The reproducibility

in the measured parameters of density and viscosity are 3 in 
10-5 parts and ± 0.2 %, respectively.  
 
Results and Discussion 
Table 1 presents experimentally measured values of density 
and viscosity. The density in the EG+FA system is found to 
decrease as reported in Table 1, and it is observed to 
increase monotonically in EG+DMF/DMA systems where 
the viscosity is found to increase monotonically, non-
linearly in all binary systems with an increase in EG 
concentration. This non-linear variation is a deviation from 
ideal behaviour that indicates that there are interactions 
between molecules of the mixture's component liquids. The 
deviation/excess properties such as deviation in viscosity 
(Δη), excess molar volume ( ), excess Gibbs free energy 
of activation of viscous flow (ΔG*E) are computed from the 
experimental values of density and viscosity. These 
deviation/excess properties have been adapted to the 
polynomial equation of the Redlich-Kister [16] type. The R-K 
polynomial values of Ai coefficients were determined using 
the least square method and the standard deviations σ(YE) 
calculated using the standard equations are presented in 
Table 2. 

 
Table 1: Shows the experimental values of densities (ρ) and viscosities (η) with mole fraction of EG, x for all binary systems at 308.15 K 
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Table 2: Coefficients Ai of Redlich-Kister type polynomial equation (3.28) and the corresponding standard deviations, σ (3.29) of all the 
systems under investigation 

 

 
 
The deviation from the ideal behaviour of the physical and 
chemical properties of the liquid mixture is a measure of the 
interaction between molecules of liquid mixture 
components, and dipole-dipole interactions and hydrogen 
bonds between unlike molecules are normally due to such a 
form of deviation [17]. The variation of excess molar volume 
in the present investigation is negative over the entire mole 
fraction range. The molar volumes of EG, FA, DMF and 
DMA are 56.29, 40.21, 78.12 and 93.93 cm3. mol-1 at 
308.15 K respectively. EG molecules are self-associated by 
inter- and intra-molecular hydrogen bonding [18], while FA 
molecules are closely associated by hydrogen bonding due 
to the presence of a large proton-acceptor group (>C=O) and 
a proton-donor group (-NH2) in their pure molecules, and 
this association decreases with an increase in the number of 
methyl groups in the molecules. Thus DMF and DMA are 
practically unassociated [19, 20].  
On the other hand, DMF and DMA contain only a hydrogen 
bond accepting carbonyl group. FA molecules that have 
hydrogen atoms bound to nitrogen have both hydrogen-bond 
donating and hydrogen-bond accepting capabilities. The 
addition of amide molecules allows the hydrogen bonds 
between EG molecules to dissolve and the resulting 

formation of solid hydrogen bonds between the glycol 
molecules' hydrogen atom-OH group and the amide 
molecules' oxygen molecule >C=O group. 
The variation of deviation in viscosity, Δη with the mole 
fraction of EG is shown in figure 1. Generally, negative 
values of Δη indicate the presence of dispersion forces or 
mutual loss of specific interactions in like molecules 
operating in the systems arising due to weak intermolecular 
interactions, and positive values of deviation in viscosity 
indicate strong specific interactions [21, 22]. The sign and 
magnitude of Δη depend on the combined effect of factors 
such as molecular size, shape, and intermolecular forces. 
The molecules of FA, DMF and DMA are highly polar µ = 
3.37, 3.86 and 3.72 D respectively at T =298.15 K. 
The variation in excess Gibbs free energy of activation of 
viscous flow, ΔG*E with the mole fraction of secondary 
alcohols is shown in figure 2. The excess Gibbs free energy 
of activation of viscous flow is negative over the entire 
composition range studied. The less negative ΔG*E values 
for EG+DMA system indicates the interactions are 
predominant compared to EG+FA and EG+DMF systems. 
Such type of behaviour was also observed by Liisa 
Pikkarainen [23]. 
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Fig 1: Shows plots of deviation in viscosity. 
 

 
 

Fig 2: shows excess Gibbs free energy of activation of viscous flow 
 
Using different analytical relationships such as Kendall and 
Monroe, Grunberg and Nissan, Tamura and kurata, Frenkel, 
Hind and Ubbelohde, Katti and Chaudari, and Heric and 
Brewer, the complex viscosities of the binary liquid 
mixtures have been determined and the related interaction 
parameters are also evaluated. Table 3 provides the potential 
viscosity values of liquid mixtures determined using the 

above equations. The values of interaction parameters are 
provided in Table 4 along with the standard deviations, σ. 
The predicted values of σ was observed to be lower, 
suggesting that viscosity experimental values are well-
correlated with those derived from various models of 
viscosity.
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Table 3: Shows Partial molar volumes  and excess partial molar volumes of all binary systems with mole fraction of 
ethylene glycol at 308.15 K 

 

 
 

Table 4: Theoretical values of viscosities η/10-3N.s.m-2 calculated with mole fraction of EG, x for all binary systems at 308.15 K 
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Conclusion 
The densities, ρ and viscosities, η of binary mixtures of 
Ethylene glycol with formamide, N,N-dimethyl formamide 
and N,N-dimethyl acetamide have been measured over the 
entire composition range at 308.15 K and also the excess 

properties have been determined. 
These deviation/excess properties have been generalised to 
polynomials of the Redlich-Kister form. These observed 
properties are negative values due to the addition of amide 
molecules causing the breakup of hydrogen bonds between 
EG molecules and the subsequent forming of strong 
hydrogen bonds between the glycol molecules of the 
hydrogen atom-OH group and the amide molecules of the 
oxygen molecules >C=O group and the fitting of smaller 
molecules into the voids created by the larger molecules. 
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