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Chapter 7 

7.1 Introduction 

Extensive studies on molecular interactions in liquid systems have been conducted 

using various physical methods such as the Raman technique, Infrared Radiation (IR) 

technique, NMR technique, Ultraviolet, and ultrasonic methods [1-2]. Understanding 

the intermolecular interactions between the molecules in a mixture requires doing 

studies on liquid mixtures using ultrasonic techniques Ultrasonic sound vibrations can 

be used to investigate the properties of both liquid and solid materials. These studies 

have significant applications in a variety of industrial and scientific processes [3-4]. 

Liquid-liquid mixtures and solutions have found wide application in medical, 

pharmaceutical, chemical, and related industries [1-5]. The ultrasonic study of liquids 

and liquid mixtures has gained significant importance in recent years for understanding 

the nature of molecular interactions in pure liquids and binary liquid mixtures. This 

ultrasonic measurement is a part of the present chapter study, which aims to investigate 

the molecular interactions between the components of binary mixtures of N, N-

Dimethylformamide (DMF) and n-octanol systematically. The excess thermodynamic 

functions are sensitive not only to intermolecular forces but also to the size of the 

molecules [2]. The non-rectilinear behavior of ultrasonic velocity, compressibility, and 

other thermodynamic parameters in liquid mixtures also indicates the strength of 

interactions between molecules. Different acoustical parameters such as free length, 

adiabatic compressibility, molar volume, and acoustic impedance, along 

with different excess parameters, are useful to obtain further insights into the nature and 

strength of molecular interactions. Ultrasonic methods have secured a permanent place 

in science, with new applications continually being found for solving both theoretical 

and practical problems [6-8].  

Alcohol has been found in various applications and commercial uses in medical and 

other fields [9]. Recently, the longer-chain alcohol, n-octanol, has been recognized as a 

biofuel candidate derived from biomass-derived platform chemicals [10]. Primary 

alcohols of medium chain length are crucial industrial products, serving as valuable 

compounds for detergent and surfactant production, as well as in perfumery and flavor 

applications. Notably, 1-octanol holds significance and is employed in synthesizing 1-

octene, a key co-monomer in polyethylene production and petrochemical processes 

[11]. Amides are highly polar and have a strong ability to dissolve substances, making 

them crucial solvents in industries and biological processes [12-13]. N, N-

Dimethylformamide (DMF) is an important member of the amides solvent group and 
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is used in the production of acrylic fibers and plastics [14]. It consists of two 

hydrophobic -CH3 groups and one highly polar C=O group. DMF can easily form C-

H…O and C=O…H type hydrogen bonds with other molecules, such as alcohols, 

enhancing its solvent capabilities [15]. Limited physical property measurements are 

available for binary mixtures of DMF with 1-alkanols, especially for higher 1-alkanols 

(C4–C10), according to an extensive examination of the literature. Singh et al. [16] 

reported excess volumes for DMF with methanol at temperatures of 303.15 K and 

308.15 K. Bakshi and Kaur [17] provided measurements for excess volumes, 

viscosities, and ultrasonic speeds for the same system but at a temperature of 298.15 K. 

Gopal and Agarwal [18] studied excess molar volumes for DMF with ethanol at 

temperatures of 303.15 K and 313.15 K. Saleh et al. [19] reported densities and excess 

molar volumes for DMF with propanol at a temperature of 303.15 K, while Saleh and 

Uddin [20] reported viscosities in the temperature range of 303.15 K to 323.15 K. For 

higher alkanols, Rauf et al. [21] investigated excess molar volumes for binary mixtures 

of DMF with n-heptanol, n-octanol, n-nonanol, and n-decanol at a temperature of 

298.15 K. Zegers and Somsen [22] obtained excess volumes for DMF with eight n-

alkanols (methanol to octanol) at the same temperature. Additionally, Rao and Reddy 

[23] studied excess volumes and isentropic compressibility for DMF with methanol to 

heptanol at a temperature of 303.15 K. Garcia et al. [24] reported excess volumes for 

DMF with n-alkanols (C1–C10) at a temperature of 298.15 K. Iloukhani and Rostami 

[25] obtained excess volumes and isentropic compressibility for DMF with methanol 

to hexanol at a temperature of 303.15 K. While the properties reported above were at 

one or two temperatures only, Aminabhavi et al. [26], Ali et al. [27], Yang et al. [28], 

and Bhuiyan and Uddin [29] reported excess volumes for DMF with methanol, ethanol, 

or a mixture of methanol and ethanol (lower alkanols) at several temperatures. 

However, no more physical properties such as (intermolecular free length (Lf), adiabatic 

compressibility (), acoustic impedance (Z), molar sound velocity (R), molar 

compressibility (B), surface tension (), relaxation time ()) for DMF with higher order 

alcohol (n-Octanol) at several temperatures were previously reported. 

The present chapter involves the experimentally measured values of ultrasonic velocity 

(u), Density (ρ) and Viscosity (η) for binary mixtures of n-Octanol and N, N-

Dimethylformamide at different temperatures (293.15 K, 303.15K, 313.15 K) are 

reported. From the experimental data the physiochemical parameters such as molar 
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volume (Vm), adiabatic compressibility (), intermolecular free length (Lf), acoustic 

impedance (Z), molar sound velocity (R), molar compressibility (B), relaxation strength 

(r), surface tension (), internal pressure (Pint), free volume (Vf) and relaxation time 

(), enthalpy (H), entropy (S), Gibbs free energy (G) were calculated, which are 

more useful to predict and confirm the molecular interaction in the binary liquid 

mixtures. The Redlich-Kister equation has been associated with the excess and 

deviation functions that have been computed from experimental data. These functions 

were further discussed in terms of molecular interactions existing in the mixtures as 

well as the influence of temperature on them.  

7.2 Material and Experimental Details 

n-Octanol (Synthesis Grade) and N, N-Dimethylformamide (DMF) (AR grade) were 

procured from Loba Chemi Pvt Ltd, India, and used without further purification. Binary 

mixtures of n-Octanol and DMF were prepared at eleven different volume-based 

concentrations. These concentrations were subsequently converted into the mole 

fraction of DMF using a referenced Equation (3.1) (detail in chapter 3) [14]. The 

ultrasonic velocity (Uv) of the binary mixtures was measured using a digital ultrasonic 

interferometer (Model F-05, Mittal Enterprises, New Delhi, India) with an accuracy of 

±2 m/s. The densities (ρ) of the binary mixtures were determined using a specific 

gravity bottle. The viscosity () of the pure liquids and their binary mixtures was 

measured using an Ostwald viscometer. The temperature of the binary liquid mixtures 

was maintained constant using an electronically operated digital constant temperature 

bath. All measurements were carried out at constant temperature at different 

temperatures. The temperature was controlled by continuously circulating water around 

the sample. The experimental values of ultrasonic velocity (Uv), density () and 

viscosity () of the pure liquids, along with literature values, are tabulated in Table 7.1 

at different temperatures [30-39]. 

Table 7.1 Comparison of experimental and literature values of ultrasonic 

velocity (Uv), density () and viscosity (η) for pure liquids (n-

Octanol and N, N-Dimethylformamide (DMF)) at different 

temperatures. 

Parameters Temperatures n-Octanol DMF 

(UV) 
 Exp. Lit. Exp. Lit. 

293.15 K 1373.09 1365.25 [30] 1493.65 1492.00 [35] 
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303.15K 1338.26 1338.00 [31] 1481.93 1462.00 [36] 

313.15 K 1317.22 1303.00 [32] 1466.86 1434.80 [37] 

() 

293.15 K 0.8254 0.8251 [33] 0.9470 0.9485 [38] 

303.15K 0.8183 0.8183 [33] 0.9420 0.9394 [38] 

313.15 K 0.8113 0.8114 [33] 0.9382 0.9301 [38] 

() 

293.15 K 8.7764 9.1850 [34] 0.9200 0.8830 [39] 

303.15K 6.0962 6.0402 [31] 0.9190 0.7690 [39] 

313.15 K 4.4124 4.6280 [31] 0.9160 0.6830 [39] 

 

7.3 Results and Discussion 

7.3.1 Experimental and evaluated parameters 

Comparison of experimental and literature values of Ultrasonic velocity (Uv), density 

(), viscosity (), of n-Octanol and DMF at different temperatures is shown in Table 

7.1. The experimental value shows good agreement with literature for pure n-Octanol 

and pure N, N-Dimethylformamide (DMF). Figure 7.1 shows the variation of ultrasonic 

velocity (Uv) across the entire miscibility range (mole fraction of DMF) in N, N-

dimethylformamide (DMF) and n-Octanol mixtures at various temperatures (293.15 K 

to 313.15 K). At all measured temperatures and concentrations, the plot is divided into 

two linear segments with different slopes, intersecting at a mole fraction of X = 0.5768, 

indicating a deviation from ideal mixing behavior, similar to the DMF/methanol system 

[8]. Additionally, the ultrasonic velocity (Uv) increases with the mole fraction of DMF 

and decreases with temperature. This linear increase in Uv with concentration suggests 

significant interactions between unlike molecules through hydrogen bonding (OH–O), 

causing displacement of electrons and nuclei [47]. Figure 7.2 depicts the variation of 

density as a function of the mole fraction of DMF at different temperatures. The density 

increases nonlinearly with the concentration of DMF at all measured temperatures, 

indicating that the mixture becomes more compact with the addition of DMF. This 

suggests the presence of attractive interactions between the components, causing a 

nonlinear increase in density [48]. The rate of increase in density is higher in the lower 

and mid concentration range (0 ≤ X ≤ 0.5768) compared to the higher concentration 

range (X > 0.5768). For instance, at 293.15 K, the density of n-Octanol and DMF is 

0.8254 g.cm⁻³ and 0.9470 g.cm⁻³, respectively, which decreases to 0.8113 g.cm⁻³ and 

0.9382 g.cm⁻³ at 313.15 K. This decrease in density with increasing temperature is 



 

 

Ph.D. Thesis of Navin A. Chaudhary 269 | P a g e  

 

Chapter 7 

observed in all n-Octanol and DMF mixtures, attributed to a less organized structure 

and increased intermolecular gaps at higher temperatures.  

 

Fig. 7.1 Ultrasonic velocity (Uv) against mole fraction of DMF in n-Octanol at 

different temperatures. 

 

Fig. 7.2 Variation of density () against mole fraction of DMF in n-Octanol at 

different temperatures. 
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Fig. 7.3 Variation of viscosity () against mole fraction of DMF in n-Octanol at 

different temperatures. 

Figure 7.3 shows the variation in viscosity with varying DMF composition in the 

mixture at different temperatures. Viscosity increases nonlinearly with the mole fraction 

of DMF at all temperatures, consistent with reports by Yue et al. [49] and Fort and 

Moore [50], which observed nonlinear variation or higher viscosity values in polar 

liquid mixtures. This nonlinear increase in viscosity indicates specific interactions 

between mixture constituents, such as hydrogen bond formation and charge transfer 

complexes, leading to higher viscosity in the mixtures compared to pure components 

[51]. Experiment measured Uv, ,  value use determined acoustic parameter namely 

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

molar sound velocity (R) and molar compressibility (B) for different concentrations and 

temperatures are presented in Table 7.2. 

The experimentally measured values of ultrasonic velocity (Uv) density () and 

viscosity () were used to determine various acoustic parameters, including molar 

volume (Vm), adiabatic compressibility (β), intermolecular free length (Lf), acoustic 

impedance (Z), molar sound velocity (R), molecular compressibility (B) and relaxation 

time (). These parameters are described in Chapter 3 and were calculated using 

Equations (3.42) to (3.47) [40-46]. The close pursual Table 7.2 shows that ultrasonic 

velocity decreases as the temperature increases. However, it increases with higher mole 
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fractions of DMF in n-Octanol. This suggests that at higher concentrations of DMF in 

the binary mixture, dipole-dipole interactions become stronger. The increase in 

ultrasonic velocity indicates strong molecular interactions, likely due to hydrogen 

bonding between the solute and solvent molecules. A nonlinear decrease in adiabatic 

compressibility is observed with an increase in the mole fraction of DMF as the 

temperature rises. The adiabatic compressibility values increase with temperature for 

all compositions ranges from 0.0 →1.0. In the DMF + n-Octanol system, the adiabatic 

compressibility is lower compared to the DMF + n-Hexanol system. For instance, at 

293.15 K, the adiabatic compressibility value for the DMF + n-Hexanol system is 4.73 

m²·N⁻¹, while for the DMF + n-Octanol system, it is 6.43 m²·N⁻¹. The changes in 

adiabatic compressibility, which affect ultrasonic velocity, are due to structural changes 

in the liquid mixtures. When molecules interact, they break up molecular clusters, 

releasing dipoles for further interactions, leading to an increase in compressibility. 

Similar results have been observed in other systems [52-54]. At higher alcohol 

concentrations, more alcohol molecules surround the ester molecules, strengthening 

dipole-dipole interactions. At lower alcohol concentrations, fewer alcohol molecules 

result in weaker hydrogen bonding interactions with the ester molecules. The free 

length (Lf) of a system indicates the degree of intermolecular attraction between 

components in binary mixtures. As shown in Table 7.2, Lf increases with the increasing 

mole fraction of DMF, and also with rising temperature. The Lf values exhibit a nearly 

linear trend in both the DMF + n-Hexanol and DMF + n-Octanol systems. Additionally, 

the increase in compressibility brings the molecules closer together, leading to an 

increase in intermolecular free length. The decrease in intermolecular free length (Lf) 

with increasing solute concentration suggests significant interactions between the 

solute and solvent, indicating that the solutes promote structural changes in the mixture. 

Additionally, the increase in ultrasonic velocity with solute concentration points to 

stronger intermolecular forces within the mixtures. Furthermore, it was observed that 

acoustic impedance (Z) increases with both the mole fraction of DMF and temperature, 

suggesting that complex formation is occurring in the liquid system due to enhanced 

solute-solvent interactions. This behavior is consistent with theoretical predictions, as 

ultrasonic velocity also rises with increasing mole fraction of DMF in liquid mixtures. 

The increase in acoustic impedance (Z) with solute concentration reflects stronger inter- 

and intra-molecular interactions between the molecules in the mixture, indicating 



 

 

Ph.D. Thesis of Navin A. Chaudhary 272 | P a g e  

 

Chapter 7 

significant molecular interactions within the system. The decrease in molar sound 

velocity and compressibility with increasing mole fraction of DMF and temperature 

suggests the presence of hydrogen bonding and dipole-dipole interactions. These 

interactions strengthen solute-solvent associations, reducing molecular mobility. As 

temperature rises, thermal energy disrupts these interactions, leading to structural 

reorganization that further lowers sound velocity and compressibility [8].  

Table 7.2 The values of ultrasonic velocity (Uv), adiabatic compressibility (β), 

intermolecular free length (Lf), acoustic impedance (Z), Rao constant 

(R) and molar compressibility (B) for binary mixtures of DMF + n-

Octanol at different temperatures.  

X 
U 

(m/s) 

  10-10 

(m2.N-1) 

Lf 10-11 

(m) 

Z  106 

(Kg.m-2. s-1) 

R  10-3 

(S1/3 .mol-1) 

  10-3 

m3.Pa1/7.mol-1 

T=293.15 K 

0.0000 1373.09 6.43 5.17 1.13 1.71 3.24 

0.1851 1383.13 6.30 5.11 1.15 1.57 2.97 

0.3382 1392.22 6.18 5.07 1.16 1.45 2.75 

0.4670 1402.56 6.04 5.01 1.18 1.34 2.55 

0.5768 1416.62 5.86 4.93 1.20 1.25 2.38 

0.6715 1431.28 5.65 4.84 1.24 1.17 2.23 

0.7541 1446.00 5.43 4.75 1.27 1.09 2.08 

0.8267 1458.80 5.24 4.67 1.31 1.03 1.96 

0.8910 1471.47 5.08 4.59 1.34 0.97 1.85 

0.9484 1482.78 4.92 4.52 1.37 0.92 1.76 

1.0000 1493.65 4.73 4.43 1.41 0.86 1.66 

T=303.15 K 

0.0000 1338.26 6.82 5.42 1.10 1.71 3.24 

0.1851 1351.16 6.63 5.35 1.12 1.56 2.97 

0.3382 1363.04 6.47 5.28 1.13 1.44 2.74 

0.4670 1375.13 6.29 5.21 1.16 1.34 2.54 

0.5768 1388.53 6.10 5.13 1.18 1.25 2.37 

0.6715 1404.11 5.88 5.03 1.21 1.16 2.22 

0.7541 1422.69 5.61 4.92 1.25 1.09 2.08 

0.8267 1439.76 5.39 4.82 1.29 1.02 1.96 

0.8910 1453.86 5.21 4.74 1.32 0.96 1.85 

0.9484 1467.39 5.03 4.65 1.36 0.91 1.75 
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1.0000 1481.93 4.83 4.56 1.40 0.86 1.66 

T=313.15 K 

0.0000 1317.22 7.10 5.63 1.07 1.72 3.25 

0.1851 1329.55 6.87 5.54 1.09 1.56 2.96 

0.3382 1341.27 6.69 5.47 1.11 1.44 2.73 

0.4670 1352.03 6.52 5.39 1.14 1.33 2.53 

0.5768 1364.39 6.34 5.32 1.16 1.24 2.36 

0.6715 1379.78 6.10 5.22 1.19 1.16 2.21 

0.7541 1395.09 5.85 5.11 1.22 1.08 2.07 

0.8267 1415.19 5.59 5.00 1.26 1.02 1.95 

0.8910 1432.07 5.37 4.90 1.30 0.96 1.84 

0.9484 1448.81 5.17 4.80 1.34 0.91 1.75 

1.0000 1466.86 4.95 4.70 1.38 0.86 1.66 

 

The variation in surface tension indicates the attractive interactions between the two 

solutions. Table 7.3 observed the surface tension of the mixture increases with the mole 

fraction of DMF. According to Karla Granados [55], strong interactions in the liquid 

mixture lead to an increase in the surface tension (σ) value. This suggests that the 

interactions in the mixture are strong, resulting in higher σ values as the mole fraction 

increases. Additionally, the observed decrease in surface tension with increasing 

temperature supports the fundamental concept of surface tension, where the formation 

of an interface involves the migration of species from a high surface tension liquid state 

to a low surface tension vapor state. Furthermore, observed in relaxation time () value 

decrease with increase in concentration with temperature increasing  value decreases. 

The relaxation time is contingent upon the viscosity of the liquid. The  usually on the 

order of 10-12 seconds, results from the structural relaxation process. This suggests a 

cooperative rearrangement of molecules. At 293.15 K, the relaxation time for the DMF 

+ n-Hexanol system was observed to be 4.4215 ps, whereas the DMF + n-Octanol 

system exhibited a significantly longer relaxation time of 7.1596 ps. This indicates that 

the relaxation time for the DMF + n-Octanol system is approximately 1.61 times larger 

than that of the DMF + n-Hexanol system. The longer relaxation time of the DMF + n-

Octanol system suggests stronger or more long molecular interactions, likely due to the 

larger molecular size and higher viscosity of n-Octanol compared to n-Hexanol. These 

factors could contribute to a slower reorientation of dipoles, thus increasing the 
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relaxation time. In contrast, the smaller and less viscous n-Hexanol facilitates faster 

molecular reorientation, leading to a shorter relaxation time. 

Table 7.3 Evaluated parameters of surface tension () and relaxation time () 

for mole fraction of DMF (0.0→1.0) at various temperatures. 

 293.15 K 303.15 K 313.15 K 

X  (N/m)  (− s)  (N/m)  (− s)  (N/m)  (− s) 

0.0000 26.5838 7.5196 25.3587 5.5463 24.5512 4.1794 

0.1851 27.0257 3.6118 25.9652 2.8253 25.2558 2.1976 

0.3382 27.4569 2.2740 26.5059 1.8389 25.8237 1.4976 

0.4670 28.0028 1.4752 27.1401 1.2078 26.4214 1.0335 

0.5768 28.6882 1.0340 27.8358 0.8690 27.0461 0.9846 

0.6715 29.6214 0.9113 28.7453 0.8626 27.9333 0.8178 

0.7541 30.6642 0.6966 29.8884 0.7082 28.9569 0.7786 

0.8267 31.6084 0.6586 30.9328 0.6759 30.0871 0.7170 

0.8910 32.5141 0.6318 31.8936 0.6469 31.1347 0.6748 

0.9484 33.4138 0.6114 32.8700 0.6244 32.1849 0.6360 

1.0000 34.6041 0.5806 34.0170 0.5923 33.3643 0.6050 

 

7.3.2 Excess parameters for binary mixtures 

Figure 7.4 shows the variation of (Uv)E across different mole fractions of DMF at three 

distinct temperatures is shown. Across the composition range, the excess velocity tends 

to become more negative as the interaction strength between the component molecules 

increases. Additionally, the decrease in negative deviation and the shift of the velocity 

maximum point towards higher 'XA' values with increasing temperature suggest the 

presence of strong hydrogen bonding. This bonding reaches its peak at the minima, 

indicating a significant influence on the mixture's behavior. Figure 7.5 presents the 

variation of excess molar volume (Vm)E with respect to the mole fraction of DMF across 

the entire composition range (0.0→1.0) at different temperatures. The strength of 

intermolecular interactions in liquid mixtures can be elucidated through the sign and 

magnitude of the (Vm)E  values. Positive values of (Vm)E suggest a loose packing of 

molecules in the binary mixture compared to the pure components. In this figure, the 

(Vm)E values increase for the liquid mixtures as the interactions between unlike 

molecules weaken, particularly with the increase in the alkanol chain length. Figure 7.6 



 

 

Ph.D. Thesis of Navin A. Chaudhary 275 | P a g e  

 

Chapter 7 

shows that positive adiabatic compressibility ()E values indicate the presence of 

dispersive forces, suggesting weak interactions and structure-breaking tendencies 

between hetero-molecules in the mixtures. This leads to loosely packed molecular 

arrangements, reflecting positive deviations in ()E in binary liquid systems. ()E  shows 

a higher deviation at around 0.578 mole fraction of DMF in n-Octanol, indicating 

significant attractive and repulsive forces between the components of the binary 

mixture. Figure 7.7 shows the excess free length (Lf)
E in the DMF-n-Octanol mixture 

at various temperatures is depicted. At lower DMF mole fractions (around X = 0.578), 

(Lf)
E rises, indicating strong interactions between different molecules. The shift to 

positive (Lf)
E values suggests increased detachment between components, resulting in 

higher compressibility and volume.  

 

Fig.7.4 Excess ultrasonic velocity (UV)E against mole fraction of DMF at 

different temperatures. 
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Fig.7.5 Excess molar volume (Vm)E against mole fraction of DMF at different 

temperatures. 

 

Fig.7.6 Excess adiabatic compressibility ()E against mole fraction of DMF at 

different temperatures. 
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Fig.7.7 Excess intermolecular free length (Lf)
E against mole fraction of DMF at 

different temperatures. 

 

Fig. 7.8 Plot of excess viscosity ()E against mole fraction of DMF in binary 

mixtures at different temperatures. 
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The negative values of excess viscosity (η)E observed across n-Octanol+DMF binary 

systems (Fig. 7.8) throughout the entire composition range (0.0→1.0) indicate that the 

viscosities of the heteromolecular complexes formed between n-Hexanol/n-Octanol 

and DMF are lower than those of the pure components. These negative deviations from 

an ideal linear dependence on mole fraction are often attributed to the dominance of 

dispersion forces, particularly in systems where the molecules differ significantly in 

size [50] as in this study. The excess values (U)E, (Vm)E, (β)E, (Lf)
E and ()Eare fitted 

to the R. K. polynomial equation using the least squares method. Table 7.4 lists the 

coefficients a0, a1, a2, and a3 along with their standard deviation δ. 

Table 7.4 Values of coefficients (a0, a1, a2, a3) of R. K. polynomials with 

correlation coefficients (R) at different temperatures. 

Parameters a1 a2 a3 a4 R 

T = 293.15 K 

(UV)E -106.3373 -4.0390 45.7044 -23.7668 0.9994 

(Vm)E 11.7507 0.6303 -4.994 5.2441 0.9864 

()E 1.6226 0.1012 -0.6083 0.5407 0.9972 

(Lf)E 0.7434 0.0908 -0.231 0.2354 0.9974 

()E -12.5488 6.3217 -5.3335 4.7767 0.9993 

T = 303.15 K 

(UV)E -125.5903 -41.9581 40.3272 21.7376 0.9976 

(Vm)E 8.9209 1.3215 -5.6743 2.3600 0.9916 

()E 1.6472 0.397 -0.6756 -0.0467 0.9967 

(Lf)E 0.7703 0.225 -0.2559 -0.0204 0.9971 

()E -8.5782 4.1108 -2.1819 2.5247 0.9983 

T = 313.15 K 

(UV)E -146.4458 -85.2688 4.7219 40.5627 0.9990 

(Vm)E 6.4728 4.3948 -7.8021 -1.2111 0.9863 

()E 1.7618 -0.9076 -0.5702 -0.5187 0.9986 

(Lf)E 0.8287 0.4489 -0.1975 -0.2181 0.9988 

()E -5.8019 3.7018 -1.6470 0.6148 0.9980 
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7.3.3 Thermodynamic parameters  

The thermodynamic parameters associated with the activation of viscous flow were 

derived from the measured dynamic viscosity values.  The viscosity of liquid mixtures 

is quantitatively described by the formalism of Eyring's transition state theory, as 

articulated through the absolute rate equation [56,57]. 

η =
hNA

Vm
exp(

ΔG

RT
)
                                                                                                          (7.1) 

∆G = RTlnη (
Vm

hNA
)                                                                                                    (7.2)                                                                  

Here, h represent Planck's constant, NA is Avogadro's number, Vm denotes the molar 

volume, R is gas constant, T is temperature and ΔG corresponds to the activation Gibbs 

free energy associated with viscous flow. By combining this equation with the 

appropriate thermodynamic relations, the following expression is obtained, facilitating 

the evaluation of the activation enthalpy (ΔH) and entropy (ΔS) associated with viscous 

flow [58] 

∆G = ∆He − T∆S                                                                                                         (7.3) 

ln (
ηVm

hNA
) =

ΔHe

RT
−

ΔS

R
                                                                                                   (7.4)        

                                  

 

Fig. 7.9 Plots of ln(ηVm/hNA) vs inverse of temperature (1000/T) for different 

mole fraction of DMF in n-Octanol. 
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The term on the left-hand side of Equation 7.4 (ln (
ηVm

hNA
)) was plotted against the 

reciprocal of temperature, as shown in Fig. 7.9. The resulting linear trend within the 

temperature range of 293.15→323.15 K indicates Arrhenius behavior. From this plot, 

the activation enthalpy (ΔH) and activation entropy (ΔS) for viscous flow were 

determined from the slope and intercept, respectively. To assess the thermodynamic 

properties of the n-octanol and N, N-dimethylformamide (DMF) mixture, several 

activation thermodynamic parameters for viscous flow were calculated. These 

parameters, including activation Gibbs energy (ΔG), activation enthalpy (ΔH) and 

activation entropy (ΔS), were determined using Equations 7.2 to 7.4. The computed 

values at various temperatures are summarized in Table 7.5. This parameters provide 

detailed insights into the energy and entropy changes associated with the viscous flow 

of the mixture. A thorough examination of Table 7.5 shows that the activation Gibbs 

free energy (ΔG) increases with temperature, indicating a temperature-dependent 

activation process. Additionally, as the mole fraction of N, N-dimethylformamide 

(DMF) increases, the ΔG values across the entire composition range (0.0→1.0) exhibit 

anomalous behavior. Specifically, the ΔG values remain positive for all compositions 

(0.0→1.0), suggesting that the viscous flow is influenced by specific molecular 

interactions. The positive ΔG values imply the presence of specific interactions, such 

as complex formation through intermolecular hydrogen bonding and dipolar 

interactions between unlike molecules, rather than between similar molecules. This 

observation suggests that the interaction strength between different molecular species 

in the mixture is greater than that between like molecules, indicating the formation of 

more ordered structures due to intermolecular forces [59,60]. The activation entropy 

(ΔS) values are observed to decrease and become more negative as the mole fraction of 

DMF in the mixtures increases, alongside an increase in temperature. This trend 

suggests that, during viscous flow, the DMF and n-octanol mixture becomes more 

structured compared to its initial state due to the formation of activated species [58,61]. 

Moreover, the consistently negative ΔS values indicate that the viscous flow process is 

highly ordered, involving contiguous liquid layers that maintain their structural 

configuration even while moving in a steady, stationary state. This implies that the flow 

behavior is influenced by the formation of organized structures within the mixture 

[62,63]. The determined values of activation enthalpy (ΔH) exhibit anomalous behavior 

across the entire composition range of the mixture. ΔH decreases with the addition of a 
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small amount of n-Octanol (X = 0.8910) to DMF, but then increases as the n-Octanol 

content decreases. This indicates that the formation of activated species required for 

viscous flow is relatively easier in the n-Octanol-rich region. However, as the mole 

fraction of DMF increases, the formation of these activated species becomes more 

difficult, suggesting that the energy required for viscous flow increases in the DMF-

rich region [58]. 

Table 7.5 Determined values of Gibbs energy (ΔG), entropy (ΔS) and enthalpy 

(ΔH) of activation of viscous flow for different mole fraction of DMF 

in n-Octanol. 

X 
G 

(KJmol-1) 

S 

(JK-1mol-1) 

H 

(KJmol-1) 

 293.15 K 303.15 K 313.15 K 293.15 K 303.15 K 313.15 K  

0.0000 70.38 71.88 73.43 -39.02 -42.69 -46.29 58.94 

0.1851 68.42 70.02 71.59 -60.78 -64.04 -67.02 50.60 

0.3382 67.14 68.79 70.44 -81.44 -84.19 -86.77 43.26 

0.4670 65.95 67.60 69.33 -96.17 -98.43 -100.83 37.76 

0.5768 64.98 66.66 69.09 -183.46 -182.94 -184.86 11.20 

0.6715 64.59 66.55 68.52 -165.90 -166.92 -167.86 15.95 

0.7541 63.85 65.99 68.31 -229.46 -228.94 -229.04 -3.41 

0.8267 63.64 65.81 68.04 -224.28 -224.04 -224.03 -2.11 

0.8910 63.47 65.63 67.83 -219.94 -219.83 -219.82 -1.01 

0.9484 63.32 65.48 67.63 -213.94 -214.01 -214.01 0.61 

1.0000 63.14 65.30 67.46 -216.88 -216.86 -216.82 -0.44 

 

7.4 Conclusions 

❖ In the study of the n-Octanol+DMF binary system, the concentration-dependent 

behaviors of ultrasonic velocity (Uv), density (ρ), and viscosity (η) were 

examined across different temperatures. 

❖ Good agreement was found between the experimental and literature values for 

the ultrasonic velocity, density and viscosity of the n-Octanol and DMF mixture 

at studied temperatures (293.15 K, 303.15 K and 313.15 K). 

❖ The non-linear changes observed in parameters like β, Lf, σ, and τ shed light on 

the intricate molecular interactions underlying complex formation via hydrogen 

bonding between solute molecules. 
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❖ Additionally, the contrasting positive and negative shifts in excess values 

concerning concentration and temperature for these acoustic parameters 

provided further evidence of interactions between unlike molecules. 

❖ The thermodynamic analysis of the n-octanol and N, N-Dimethylformamide 

(DMF) mixture shows Arrhenius-type behavior with positive activation Gibbs 

energy (ΔG), indicating specific intermolecular interactions such as hydrogen 

bonding and dipolar interactions between unlike molecules.  

❖ The negative activation entropy (ΔS) suggests a more ordered viscous flow, 

with increased structuring during flow. The activation enthalpy (ΔH) decreases 

in the n-octanol-rich region and increases in the DMF-rich region, implying that 

the formation of activated species is easier in the n-octanol region but requires 

more energy in the DMF region. 
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