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1. Introduction 

The increasing use of fluid in many industrial processes has greatly created the need for extensive research on the 
thermodynamic transport properties of their mixtures [1].The mixing of different solvents results in the formation of 
solutions which are different from the ideal [2]. Most of the mixtures are non-ideal and show peculiar behaviours, and the 
interpretation of non-idealist is an interesting area especially when there is argument with new concepts of friccohesity 
[3, 4]. Thermodynamic properties of multi-component liquid mixtures and their analysis is an important subject. 
Properties such as density, viscosity, temperature, activation energy, enthalpy and entropy are of interest in both 
theoretical and practical applications. A systematic study of the main excess thermodynamic properties (Gibbs energy, 
enthalpy) of asymmetric multi-component mixtures of organic molecules, representing different types of molecular 
interactions was carried out. The transport properties of liquids or liquid mixtures have wide applications in the field of 
physical sciences, chemical sciences, material sciences and engineering field [5]. Viscosity and density of multi-component 
mixtures are needed in many chemical engineering calculations involving heat and mass transfer. All these are 
thermodynamic and transport properties that are important in most design processes. The experimental data of 
thermodynamic properties of liquid mixture provides useful information about the molecular interaction and can be used 
to test thermodynamic models [6]. The viscosities of most pure liquids at standard temperature and pressure are well 
documented, and a number of studies have looked at pressure effects on the viscosity of pure liquids [7]. De and Dikko [8] 
studied the effect of water concentration on water-ethanol mixtures by using this technique. 

Alcohol serves as a simple example of biological and industrially important amphiphilic materials that exist in the 
liquid state which is due to the hydrogen bonding of their O-H group [9]. They are polar and self-associated liquids. The 
dipolar association of alcohols decreases when they are mixed with aromatic hydrocarbons due to some specific 
intermolecular interactions between the alcohol and an aromatic hydrocarbon [10, 5] Precise analysis of water content in 
the mixture of alcohol product are required in the brewery or chemical industry. Some sophisticated technique such as 
Mass Spectrometry, Spectrophotometry. High Pressure Liquid Chromatography is too expensive to be used in less 
developed areas for researches. These techniques require experts to operate them and constant power supply is also 
required to analyse impurity contents of a sample. Therefore the construction of a simple and yet reliable equipment for 
the analysis of contents of a liquid is of paramount importance [11]. This report is concerned with the viscosity and 
thermodynamic properties of liquid mixtures using an innovative technique constructed for the analysis of purity of water 
mixtures. The main aim is to show that the technique can be employed for teaching and research purposes and to 
determine some thermodynamic properties that cannot be directly measured experimentally. 
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Abstract:  
The analysis of some thermodynamic properties of liquid mixtures was reported. The properties of methanol-water 
mixture, ethanol-water mixtures such as; density, viscosity, activation energy, enthalpy and entropy were evaluated. 
These parameters were investigated at different temperatures and constant atmospheric pressure using an innovative 
technique designed and constructed for the purpose of analysis of water-mixtures in solutions. The activation energy 
of water, methanol, ethanol, methanol-water mixture and ethanol-water mixture were 14.49±0.17, 9.05±0.11, 
14.92±0.21, 12.17±0.21 and 14.73±0.09 kJ.mol−1 respectively. The corresponding enthalpy and entropy of the liquids 
were also calculated from the experimentally determined parameters. 
 
Keywords: Viscosity, thermodynamics, activation energy, liquid mixtures 



 www.ijird.com                                                                                                                    February, 2021                                                                                      Vol 10 Issue 2 

   

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT                  DOI No. : 10.24940/ijird/2021/v10/i2/FEB21035                Page 238 
 

2. Experimental Details 
 
2.1. Density 

The densities of the liquids (water, methanol, ethanol, methanol-water mixture, ethanol-water mixture and 
methanol-ethanol-water mixture) were measured with an oscillation U-tube densitometer at temperatures from 30-70 oC 
with Peltier temperature control.  
 
2.2. Viscosity 

The viscosities of the liquids were investigated using the apparatus described by De and Dikko [8] and modified 
with temperature controller by Dikko. The operation of the instrument is similar to the falling-body viscometer, in which 
the viscosity of a fluid is determined by the time it takes a body to fall to a reference position in the fluid of interest related 
by 
η2 = (η1ρ2t2)/( ρ1t1)                                                                                                    (1) 

Where ρ2 is the density of liquid mixture, t2 is the time taken for the liquid to fall to reference position, t1 is time of flow of 
water and ρ1 is the density of water. The accuracy in determining  η2 depends strictly on noting the time t1 and t2. This 
principle also works perfectly on Oswald viscometer. 

A major drawback of this technique is that the density of the fluid of interest at all temperatures must be known 
exactly, and therefore was determined separately. 
 
3. Results and Discussion 
 
3.1. General Characteristics of Viscosity of Liquid Mixture 

The viscosities of liquid mixtures were investigated as a function of temperature. The temperature ranges from 
35- 70oC. Fig 1(a) shows the graph of viscosity as a function of temperature. It is clearly indicated that as temperature 
increases viscosity decreases. This trend occurs because of the increased kinetic motion the molecules at higher 
temperatures which promotes the weakening of intermolecular bonds between adjacent layers. 
Density is also affected by temperature. The density decreases with temperature as can be clearly seen in fig 1(b). 
 

 
Figure 1: The Plot of Viscosity as a Function of Temperature (A) for All the Samples Under 
Investigation and (B) Graph of Density against Temperature for Methanol as an Example 

All Other Liquids Follow the Same Pattern as (B) 

 
3.2. Viscosity-Temperature Dependence and Activation Energy  
The viscosity of the alcohol-mixture solution was evaluated using the Arrhenius equation given as 
η = Aexp(Ea/RT)                                      (2) 

Where η is the viscosity of the solution under the investigation, Ea is the activation energy in (J.mol-1), T is the 
absolute temperature, A is the pre-exponential factor of the Arrhenius equation for the mixture and R is the gas constant 
[12]. Theoretically, the plot of ln(η) against (1/RT) is linear with slope equal to Ea and the constant A can be evaluated 
from the intercept on the y-axis as A = exp (Intercept). The values of the activation energy of the liquid mixtures are 
presented in table 1. These values were compared with the literatures and were found consistent with the results of other 
researchers, e.g. [4]. 

Fig.2 shows the plot of viscosities against temperatures. It shows that ethanol has higher viscosity than pure 
water, while water in turn has higher viscosity than methanol. It is also seen from Fig.2, that the viscosity of a mixture of  
ethyl and methyl alcohols and water is controlled mostly by ethyl alcohol and methyl alcohol since the temperature 
variation of viscosity of the mixture is the same as that of the mixture of ethanol and methanol. This feature is quite 
interesting and might throw light on the molecular modeling of the mixing of different molecules and formation of barrier 
heights with activation energy that the molecules have to overcome in flowing motion. 
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Figure 2: The Graph of Ln (Η) Against 1/RT Used for 

Evaluation of Activation Energy of 
Liquid Mixtures 

 
3.3. Thermal Expansion Coefficient 

Since the experiments the involve applications of heat by varying the temperature of the liquids from 35 - 70oC, 
the liquid-mixture under investigation may undergo some expansion, according to the definition of the isobaric thermal 
expansivity which accounts for the variation of temperature with density [12]. It is important to note that all parameters 
have to be evaluated at the same pressure and thus it is given as; 
 

α = - 
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 )P                                                                     (3) 
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)  = α T  +   C                                                            (4) 

 

where α  coefficient of thermal expansion can be estimated from the slope of plot of -ln( 
 

  
)    against T. Eq. (4) is the 

solution of Eq.(3) which is used in the calculation of the thermal expansivity of the liquid and liquid mixtures in this 
investigation. The plot is expected to be a linear variation. The values of the thermal expansion coefficients for the 
solutions are summarized in the table 1 for all the samples. 
 

 
Figure 3: The Graph of   - Ln ( 

 

  
) Against T Used for Evaluation of  

Thermal Expansivity Coefficients of Liquid Mixtures 
 
3.4. Thermodynamics Properties of Viscous Flow 

Another important relation of temperature dependence of viscosity as proposed by Eyring's theory [13] of 
viscous flow of liquid can be express as  
 

  (
   

 
) exp (

  

  
)                                                                                      (5) 

where   is the viscosity of the liquid, V is the molar volume of the mixture, h is  planks' constant, NA is Avogadro's number, 
R is the gas constant, T is the absolute temperature and  G is the molar Gibb's free energy of the activation. When two 
miscible liquids are brought into contact, they mix and form a homogeneous mixture or solution. This process involves 
entropy and enthalpy which are related to Gibbs free energy of activation as; 
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 G = H +  S                                                                                                 (6) 
 
Putting Eqn (6) into Eqn (5) 

   (
  

   
)= (

  

 
)-   S 

Again, the plot of    (
  

   
) against the reciprocal of temperature is linear with the slope  H and the intercept 

equal to  S. Fig 4, shows the graphs. The corresponding values of enthalpy and entropy are tabulated in table 1. 
 

 
Figure 4: The Graph Of    (

  

   
) Against 1/T Used For Estimation of  

Change in Enthalpy and Entropy of Liquid Mixtures 

 

4. Conclusion 
 

Samples Ea (kJ.mol)  H (kJ:mol)  S (JK-1mol-1) α 10-5 (K-1) 
Water 14.49±0.17 

15.51 [4] 
   

Methanol 9.05±0.11 
11.02 [4] 

7.16±0.22 -31.90±0.68 215.0±1.70 

Ethanol 14.92 ±0.21 
15.8±0.8 [4] 

14.17±0.13 -10.97±0.39 86.8±3.36 

Methanol+water 12.17±0.21 9.20±0.24 22.82±0.72 339.0±6.68 
Ethanol+water 14.73±0.09 12.38_0.14 -17.75±0.44 268.0±11.70 

Table 1: The Experimentally Determined Values of Activation Energy (Ea), Enthalpy (H), 
Entropy (S) and Thermal Expansivity (Α) Measured for Pure Liquid Samples and Their Mixtures. 

 
The viscosities and densities of the liquid mixture have been reported. The viscosities, densities at temperature 

range from 35-70oC was used to calculate some thermodynamic properties of the liquid mixtures. The results of the 
thermodynamics were presented in table 1. The emission spectra obtained by Guo et al. [14] reveal that the water and 
alcohol molecules in solution form complex hydrogen-bonded networks and mix very little at the microscopic level. The 
results show that the structure of liquid methanol at room temperature is a combination of rings and chains, each made up 
of either 6 or 8 methanol molecules. When water is added, the methanol chains interact with varying numbers of water 
molecules. These bridging water molecules bend the chains into open-ring structures that are stable because their glue-
like hydrogen bonds are saturated. This means that the mixing of alcohol and water on the microscopic level is incomplete 
no matter how long you wait. At the molecular level, very little mixing of alcohol and water occurs in solution. Instead, 
chains of methanol molecules react with clusters of water molecules to form stable open-ring structures, which lower the 
solution's entropy as can be seen from the structure below. 
 

 
Figure 5 
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