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Abstract 

The dynamic shear viscosity coefficients of the binary liquid mixture 

cyclohexane-phenol for different phenol concentrations and temperatures 

are measured using glass capillary viscometer. Dynamic shear viscosity 

anomaly is observed near the critical temperature           and the 

critical concentration of phenol          by weight. Mode Coupling 

Theory is used to fit our experimental data above the critical temperature. It 

is found that the value of noncritical part of the dynamic shear viscosity    

= 0.8174 cP. The power law is expected for the mass density above critical 

temperature. The value of noncritical part of the mass density is found to be 

           
  

   
  The critical isobaric thermal expansion coefficient     

was calculated to be              . The critical isobaric specific heat 

     was found to be       
     

     
. Joule`s constant    was found to be    

       
       

     
  and pressure derivation of the critical temperature   

   was 

also calculated to be           
  

   
. 
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Chapter One 

Introduction 

1.1  Liquids and Binary Mixtures  

The liquid state of matter is intuitively perceived as being intermediate in 

nature between gas and solid. Thus, a natural starting point for discussion 

of the properties of any given substance is the relationship between 

pressure P, density   and temperature T in the different phases (Hansen and 

McDonald, 2005). 

Binary mixture is a mixture that contains two different liquids; it has 

definition at a critical temperature and critical concentration, where the 

mixture mixes homogeneously. The two components do not mix 

homogeneously in all proportions below this temperature, and can define 

two different phases. Examples of binary mixtures are benzene - coconut 

oil, nitrobenzene - n-hexane, and methanol - cyclohexane (Abdelraziq, 

2005; Bsharat, 2015). 

The existence of   critical  point affects the physicochemical properties of 

the system in the stable liquid phase and is the reason for anomalous 

behavior of many physical quantities sensitive to the in homogeneity of the 

medium (Ratajczak et al, 2010). The locus of the critical point represents 

the boundary between regions of homogeneous and heterogeneous 

behaviour in phase diagrams for mixtures (Laura et al, 2008). 

The studies of excess properties such as deviation in viscosity, excess 

molar volume, excess Gibbs free energy of activation of viscous flow and 
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Grunberg-Nissan interaction constant of binary mixtures are useful in 

understanding the nature of intermolecular interactions between two 

liquids. Properties such as density and viscosity at several temperatures for 

binary liquid mixtures over the whole composition range are useful for 

understanding of the thermodynamic and transport properties associated 

with heat and fluid flow (Ezekiel et al, 2012). 

1.2 Literature Review 

The first attempt to understand the behavior of the shear viscosity in the 

critical region of a binary liquid system goes back to Fixman. His approach 

had some serious drawbacks (Fixman, 1962). 

Wei - Kuan studied the isothermal vapor - liquid equilibrium at 333.15K 

and 353.15 K  and density measurement for  four binary mixture of  

benzene + nonane, toluene + o-xylene, m-xylene + sulfolane and o-xylene 

+ sulfolane at pressures from  0  Pa to 101.3 kPa. Experimental data of 

phase densities were measured using the bubble – point method couple 

with two vibration densitometers. The calculated activity coefficient, 

excess  molar  volume and excess  Gibbs energy values detected  that the 

toluene + o-xylene was close to the ideal solution  (Wei - Kuan  et al, 

2010).    

Laura studied the critical properties of pure and binary mixture of liquid 

solvent CO2 + ethane as a function of pressure and temperature. The critical 

location of CO2 + ethane binary mixture has been measured at mole 

fraction xc = 0.5, Tc = 308.15 K and pressures up to 200   10
5
 Pa. (Laura et 

al, 2012).    
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Jian - Ying determined the density and surface tension of pure ionic liquid 

and its binary mixtures with water have measured as function of temperature 

at constant pressure. The thermal expansion coefficient was determined 

using the experimental density result. The density values decreased when 

temperature increased, and it also decreased by increasing the mole fraction 

and the molar volumes of binary mixture were positive in the whole 

composition range (Jian - Ying et al, 2011).  

Domanska and Krolikowska measured the densities and viscosities 

correlations for five different binary mixtures of the ionic liquids (Domanska 

and Krolikowska, 2012). The tracer diffusion coefficients of the binary 

mixture like tritiated water and acetonitrile in water - acetonitrile have been 

measured at several temperatures (Easteal, 1980). 

The measurements of the saturated liquid and vapor densities were made 

for binary mixtures in critical region. The vapor-liquid coexistence curves 

were obtained for three different compositions by observations of the 

critical temperatures, critical densities and critical molar volumes (Ryo et 

al, 2013). 

Zhang and his group measured density of the binary system of 

poly(ethylene glycol) 300 (PEG 300) + water over the whole concentration 

range at five temperatures from (298.15 to 318.15) K. The density was 

fitted to calculate the excess molar volume and viscosity deviation. The 

values of the excess molar volume for all mixtures were negative, while the 

values of viscosity deviation were positive over the entire composition 

range (Zhang et al, 2012). 
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Juntarachat and his group measured critical properties for the binary 

mixtures composed of carbon dioxide and n-alkanes (CO2 + npentane, CO2 

+ n-heptane and CO2 + n-decane) critical temperatures (Tc) and critical 

pressures (Pc) are measured. The critical points are visually measured by 

observing the critical opalescence and the simultaneous disappearance and 

reappearance of the convex surface in the middle of the view cell which 

withstands operations up to 673 K and 20 MPa (Juntarachat et al, 2012). 

The heat capacity of the liquid–liquid mixture isobutyric acid–water has 

been measured for the first time near and far away from its critical point 

using an adiabatic calorimeter. The measurements were performed at 

atmospheric pressure, in the first phase region as a function of three 

temperatures: T−Tc  = 0.055 °C, T−Tc  = 3.055 °C, T−Tc = 8.055 °C and of 

the composition  mass fraction of the isobutyric acid. The heat capacity at 

constant pressure Cp decreases rapidly when mass fraction of the isobutyric 

acid increases at different temperatures. Cp is not affected by the correlation 

of the concentration fluctuations at the critical composition xc = 0.111 

(Hadded and Bouanz, 2007). 

Densities and viscosities of binary mixtures of aniline + benzene have been 

measured over the entire range of composition, at atmospheric pressure, 

and at 298.15, 303.15, 308.15, and 313.15 K. Excess molar volumes and 

deviations in viscosity have been calculated from the experimental data. 

Negative excess molar volume and negative deviations in viscosity for 

aniline + benzene systems are due to the interstitial accommodation of 

benzene molecules into aggregates of aniline (Kharat and Nikam, 2007). 
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The viscosities of 18 binary mixtures with methylcyclohexane have been 

measured at 303.15 K over the entire range of composition (Oswal et al, 

2005). Viscosities of binary mixtures 1,3-dioxolane or 1,4-dioxane with 

isomeric chlorobutanes have been measured  at 298.15 K and 313.15 K and 

the kinematic viscosities were correlated by the McAllister equation. The 

corresponding viscosity deviations were calculated and they were negative 

over the whole composition range for all mixtures (Giner et al, 2006). 

Ternary mixtures are a three-part mixture of some substances; the viscosity 

and density have been experimentally measured of ternary liquid mixtures. 

Iloukhani and Rostami measured densities, dynamic viscosities of the 

ternary mixture diethylcarbonate (1) + p-chloroacetophenone (2) + 1-

hexanol (3) near 303.15K and 1 atm (Iloukhani and Rostami, 2008). The 

viscosity and density of other ternary mixture of water + butyl acetate + 

methanol and water + ethyl Propionate + methanol were measured at 

different temperatures by Zoran and his group (Zoran et al, 2000). 

Densities, viscosities and ultrasonic sound speed  of pure  propiophenone, 

p-methylacetophenone, p-chloroacetophenone and those of their binary 

mixtures prepared using N,N-dimethylaniline  as a common component 

were measured at 303.15K and 308.15K over the entire composition range 

(Gowrisankar et al, 2012). 

The density and viscosity of binary 1-hexene + 1-octene mixtures have 

been simultaneously measured over the temperature range from (298 to 

470) K and at pressures up to 196 MPa using a hydrostatic weighing and 

falling-body techniques (Damir et al, 2014). Dynamic viscosities of four 
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binary mixtures have been measured at 303.15, 308.15, 313.15, 318.15 and 

323.15 K and atmospheric pressure. Viscosity deviations for the binary 

systems were fitted to the Redlich-Kister polynomial equation. (Emila et al, 

2010). 

Abdelraziq and his group measured ultrasonic velocity and absorption as a 

function of temperature, concentration, and frequency (5-25 MHz) and 

shear viscosity as a function of concentration and temperature. The system 

of nitrobenzene and n-hexane has critical temperature       0C and a 

critical composition xc of 51.70% by weight of nitrobenzene (Abdelraziq et 

al, 1990). 

Abdelraziq and his group measured the ultrasonic velocity and absorption 

and shear viscosity as a function of concentration and temperature for some 

binary liquid solutions (Abdelraziq et al, 1989; Abdelraziq et al, 1992). The 

existence of shear viscosity anomaly has been experimentally observed in 

the binary liquid mixture methanol - cyclohexane near the critical 

temperature Tc = 45.2   and the critical concentration xc = 30% by weight 

of methanol (Omar, 2014). 

Ultrasonic absorption measurements were made as a function of 

temperature and frequency for the binary mixture of cyclohexane and 

aniline. The absorption coefficient for critical concentration increases as 

the critical temperature is approached from high-temperature region for all 

frequencies (Abdelraziq, 1996). The velocity for the critical mixture 

increases with increasing frequency. This indicates the dispersion in the 
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sound velocity was as expected for binary liquid mixtures (Abdelraziq, 

2000). 

Abdelraziq and his group measured the shear viscosity as a function of 

temperature for the binary mixture of nitrobenzene and n-heptane. The 

results above the critical temperature were analyzed by the mode coupling 

theory. The anomaly of viscosity was detected as a function of temperature 

and concentration (Abdelraziq, 1997).  

Two types of  viscosity were studied for different aqueous solutions; for 

example Kestin and his group tabulated values of dynamic and kinematic 

viscosity of  NaCl solution in the  temperature range 20-150 ºC, pressure 

range 0.1-30 MPa and concentration range 0-5.4 molal (Kestin et al, 1981). 

Some researchers studied the dynamic viscosity of different materials such 

olive oil as a function of temperature, storage age, and intensity of light, 

pressure, molecular weight and density of liquid (Niarat et al, 2014). 

The theoretical understanding of liquid-liquid mixture is very important. 

The knowledge of physicochemical properties of these mixtures are 

important for many chemical process industries. Petroleum and 

petrochemical are some examples to be mentioned. These types of mixtures 

are commonly used in industries where physicochemical processes are 

involved to handle the mixtures of hydrocarbons, alcohols, aldehydes and 

ketones (Rice, 1949). 

1.3 Objectives of the Study 

The main goals of this study are 
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1. Applying the mode coupling theory approach to determine the 

noncritical part of shear viscosity   . 

2. Determining critical isobaric specific heat     , isobaric thermal 

expansion coefficient   , Joule`s constant   and pressure derivation 

of the critical temperature    
 . 

3. Determining the behavior of mass density as a function of 

temperature (power law). 

In order to achieve the main objectives, some steps  have been done: 

1. Measuring the dynamic shear viscosity coefficients η for the binary 

mixture cyclohexane – phenol over the entire of concentration as a 

function of and  over range of temperature.  

2. Detecting the critical temperature and critical concentration of 

cyclohexane – phenol binary  mixture. 

1.4 Hypothesis 

 At the critical point, there will be sharp changes in thermodynamic 

properties. 

 Cyclohexane - phenol binary mixture exhibits anomaly at certain 

concentration (critical concentration). The power law can set up of 

the binary mixture at the critical concentration and above the critical 

temperature. 

1.5 Novelty of this Work 

 Measuring the dynamic shear viscosity for cyclohexane - phenol 

binary mixture has been conducted here for the first time. 
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 In this work, the power law of mass density has been established for 

the first time. No other people managed to set up the power law for 

any binary mixture. This work is the first to do for cyclohexane – 

phenol. 

1.6 Thesis Layout 

The first chapter of the thesis is the introduction which presents definitions 

of binary liquid mixture beside previous researches which were discussing 

the binary liquid mixtures and their properties, objectives of the study. In 

chapter two the theories concerned with binary mixtures as mode coupling 

theories and the two – scale – factor universality are discussed. The 

methodology of the experiment is presented in chapter three: The 

characteristics of the binary mixture components, experimental apparatus, 

procedure, statistical analysis. The measured data will be given in chapter 

four, the viscosity data near the critical point will be analyzed using the 

mode coupling theory. The two – scale – factor universality for isobaric 

thermal expansion coefficient is used to fit the data near the critical point, 

the power law is expected for the mass density. In chapter five, the 

conclusion of this work and future works will be displayed. 
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Chapter Two 

Theory 

2.1 Viscosity 

Viscosity is the tendency of a fluid to resist flow and can be thought of as 

the internal friction of a fluid. Microscopically, viscosity is related to 

molecular diffusion and depends on the interactions between molecules. 

The opposite of the viscosity is the fluidity that measures the mobility for 

fluid layers (Secco et al, 2013). Viscosity is affected by the temperature 

and composition of the fluid and for compressible fluid, also by pressure 

(Serway et al, 2012). 

The shear viscosity of a fluid can be expressed in two distinctive forms: 

1. The dynamic viscosity 

The dynamic viscosity is defined as the ratio of shear stress (force 

over cross section area) to the rate of deformation. 

  
 

  

  

                                           (2.1.1) 

Where ƞ the dynamic viscosity, ţ is is shear stress between two 

adjacent layers in a flowing liquid  
 

  
  and 

  

  
  is rate of deformation 

(shear rate) (
 

 
). The dynamic viscosity units are Centipoise (cP) 

which is      of Poise (Dutt et al, 2007). 

2. Kinematic viscosity 

The kinematic viscosity is the ratio of viscosity ƞ to mass density 

  (taken at the same temperature and pressure). 

  
 

 
                                             (2.1.2) 
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 Kinematic viscosity is normally expressed in terms of Centistokes 

and ρ is mass density in 
  

   
  (Druk et al, 1966). 

The flow characteristics of liquids are mainly dependent on viscosity and 

are broadly divided into two categories (Viswanath et al, 2007): 

1. Newtonian fluids 

The viscosity of these fluids remains constant and is independent of 

the applied shear stress (rpm). 

2. Non-Newtonian fluids 

The viscosity of these fluids depends on the applied shear force and 

time. 

2.2 Pure-Liquid Viscosity Theories 

The effect of temperature on kinematic viscosity is in the form of an 

Arrhenius-type relationship (Clements et al, 2006).  

     
  
                                               (2.2.1) 

Where   is the kinematic viscosity in       ,    the activation energy for 

flow, R is the universal gas constant, T is the absolute temperature and 

   
      

 
  Where   ,   and   are the Avogadro’s number, the molecular 

volume and the Plank’s constants respectively. 

Dynamic viscosity ƞ for pure liquid calculated from the kinematic viscosity 

  and the density   according to equation (2.1.2). 

The viscosity of pure liquids is affected by on temperature, pressure, 

density, and surface tension (Dutt et al, 2007). When the temperature drops 

the particles slow down and come closer together, the forces of attraction 
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between them will increase and so make it harder for them to flow past 

each other. The dynamic viscosity of liquids increases with decreasing 

temperature (Binder et al, 2007). 

2.3 Dynamic Viscosity of Mixtures 

The behavior of the viscosity is like pure liquids far from the critical point 

of a binary liquid mixture, but around the critical point, the situation 

becomes more complicated (Barmatz and Hahn, 2007). The Mode 

Coupling Theory is used to study the critical points anomaly of the shear 

viscosity and the coefficients. 

Mode Coupling Theory is applied when the modes of one fluid perturbed 

by the modes of the other, these perturbations lead to coupling and 

exchange of energy (Little and Huang, 1995). This means the start of the 

interaction between the fluids layers. It starts originally by Fixman who 

proposed mechanisms by which the relaxation time and the kinetic 

coefficients - e.g. viscosity - for the order parameter - e.g. density - could 

diverge at a critical point (Fixman, 1962).  

2.4 Shear Viscosity Near the Critical Point: 

The mode coupling approach of Perl and Ferrell predicts a critical anomaly 

of the shear viscosity coefficient according to the law (Perl and Ferrell, 

1972; Abdelraziq; 2002): 

    

 
  

  

 
                                         (2.4.1) 

where   is the noncritical part of the measured shear viscosity in cP, A is a 

MCT universal constant predicted to have the theoretical value 
 

     
 



  13 

 

     ,    is the upper cutoff wave number (Debye momentum cutoff) in 

    and     is the correlation length of the concentration fluctuations in Å. 

The shear viscosity   is temperature dependent at the critical concentration 

as T approaches   ,   increases indefinitely. The resulting singularity is 

also of the power law type (Klein and Woermann, 1978; Abdelraziq; 

2002): 

     
                                                (2.4.2) 

Here  ƞ  is the noncritical part of the dynamic shear viscosity,   is the 

reduced absolute temperature   
    

  
 and  ƞ and   are critical 

exponents,       ,         .   

2.5 Density  

The behavior of a fluid in flow is very much related to two intrinsic 

properties of the fluid: density and viscosity. Density is a measure of the 

mass per unit of volume of that substance. When the temperature drops the 

particles slow down and come closer together, the fluid volume decreases. 

It is an accepted fact that Pure Liquid density decreases linearly with 

increasing temperature. This relationship can be expressed mathematically 

as  

                                                     (2.5.1) 

Where   is the density, T is the temperature, "a" is the intercept and "b" is a 

negative slope. 
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2.6 Density Correlation Function 

Mode coupling approach is used to clarify the critical dynamics of the 

binary Van der Waals mixtures. Some of the concepts in the MCT will be 

first defined; density fluctuations ρ (r) and density correlation function 

C(r). 

In a system of  N particles the density distribution ρ(r) can be described as 

(Reichman and Charbonneau, 2005): 

     ∑                                                (2.6.1) 

Where     positions of particles and            . 

The most important observable is the density fluctuations      in the mode 

coupling approach, which fluctuates around the average density    in 

equilibrium as shown in Figure 2.1. 

 

 

Fig. (2.1)   Space evolution instantaneous fluctuations of the density     (Reichman 

and Charbonneau, 2005) 
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How much a correlation exists between the fluctuations in two points a   

distance apart can be measured by a correlation function C(r) which 

represents the average product of the fluctuations       and          in 

two points a distance r (the correlation length) apart                 

as shown in Figure 2.1, divided by the average square of the fluctuations 

 |    |   (Debye, 1959): 

                
                

 |    |  
                                        (2.6.2)  

C(r) gives the probability to find a particle in the volume element dr located 

at       , if there is another particle at   . 

Density correlation function analysis with ordered or disordered structures, 

calculation of average coordination numbers  can be related to structure 

factor measured in neutron and X-ray scattering experiments. 

2.7 Power Law 

The singular behaviour of the binary mixture around the critical point is 

characterized by a set of critical exponents. These exponents describe the 

non-analyticity of various thermodynamic functions, Thermophysical 

quantities typically exhibit power-law behavior in the asymptotic region 

that are very close to a critical point, depending on the thermodynamic path 

by which it is approached. The values of critical exponents depending only 

on very general properties, such as dimensionality and not on specific 

details of the interactions (Cheung, 2011). 

The dynamic shear viscosity η, correlation length  , isobaric specific heat 

  , isobaric thermal expansion coefficient   , mass density  , 
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 susceptibility and refractive index near the critical point can be written as a 

power law. 

Some thermodynamic properties diverge as the critical temperature    is 

getting close to the divergence power-law in |T −   |, whereas other 

thermodynamic properties show a non-divergent power-law. The exponents 

that go with these power laws are called critical exponents (Qasim and 

Darwish, 2013). 

Regardless of critical point, transport properties coefficients related to heat 

and mass transport in binary mixtures are non-singular and slowly varying 

functions of the temperature caused by the increase of the correlation 

length ξ. This regular behavior is extrapolated into the critical region, one 

arrives at a separation of transport coefficients into the critical 

contributions and background contributions (Strathmann, 2002). 

The correlation length r have the symbol   in the MCT, it measures the 

range of density fluctuations in real space. The correlation length   is a 

measure of the distances over which the density–density correlations in the 

system extend. However, as      and T approaches Tc,    increases 

indefinitely. The resulting singularity is also of the power law type (Pathria 

and Beale, 2011):   

     
                                             (2.6.3) 

This is related to the reduced temperature τ near the critical temperature 

and critical concentration and    is the critical amplitude of correlation 

length. 

http://en.wikipedia.org/wiki/Linear_response_function
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The different critical exponents for the binary liquid mixture are presented 

in Table (2.1). 

Table (2.1) Experimental data on critical exponents for binary fluid       

mixtures (Iwanowski and Sorau, 2007) 

 Exponent Value 

 ,    0.05-0.15 

  0.30-0.34 

  1.2-1.4 

  4.0-5.0 

  0.64 

Here the quantities  ,   ,   ,  ,  , and   are critical exponents, which are 

predicted to be invariant from  binary system to binary system. 

The static scaling hypothesis provides relations between the critical 

exponents of different parameters by scaling laws 

Rushbrooke scaling: 

                                              (2.8.1) 

Josephson scaling: 

                                                 (2.8.2) 

Where   is the constant-volume specific-heat exponent and    describes 

the shape of the coexistence curve.  

The dynamic scaling hypothesis, which describes the phenomenon of 

critical slowing down, was firstly introduced by Ferrell in 1967. 

2.8 Two – Scale – Factor Universality 

The two – scale – factor universality has played a central role in study of 

phase transition. It explains the critical phenomena of binary liquid 
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mixtures by prediction (Hohenberg et al, 1976; Abdelraziq, 2003). This 

quantity is defined as: 

     (
       

  
)

 

 
     

       

    
  

 

                              (2.8.1) 

Where is the universal quantity   is the critical exponent and it is equal 

0.11,      the mass density is at the critical temperature,      the critical 

isobaric specific heat,    is the Boltzmann's constant it is equal            

           

 
,    is the critical temperature,    is the background isobaric 

thermal expansion,   
  

   

  
  and is the pressure derivation of the critical 

temperature along the critical line. 

The isobaric specific heat is given by: 

        
                                          (2.8.2) 

Where     is the critical isobaric specific heat,    and is the background of 

specific heat at constant pressure,   
    

  
 is the reduced absolute 

temperature and   is the critical exponent.   

isobaric thermal expansion coefficient which can be expressed as: 

        
                                          (2.8.3) 

Where     is the critical isobaric thermal expansion coefficient and      is 

the background terms in isobaric thermal expansion coefficient 
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Chapter Three 

Methodology 

The samples of cyclohexane and phenol were used, in this work. The shear 

viscosities from 14.0 to 21.0 ºC temperature range were measured for 

cyclohexane – phenol binary mixture, over the different concentrations 

from 0.00% to 40.00% of phenol. The concentration and temperature 

dependence of shear viscosity were measured. Each measured data of the 

viscosity of cyclohexane – phenol samples represents the average of three 

measurements. The experimental data were fitted and the critical 

temperature and concentration were obtained. 

3.1 The Characteristics of the Binary Mixture Components 

1. Cyclohexane:  

Cyclohexane is a colorless organic solvent, which is fractionated from 

petroleum and exists as a liquid at STP with the molecular formula C6H12. 

Its molecule is composed of 6 carbon atoms joined in a ring, with 2 

hydrogen atoms attached to each carbon atom. The ideal bond angle for a 

tetrahedral atom would be 109.5 degrees (Gad, 2014). High-purified 

cyclohexane (99.60%) was used. Cyclohexane is mainly used as a synthesis 

intermediate product for the manufacture of nylon. It may be presented in 

some consumer products (such as e.g. coatings, cleaning agents, paints, 

fuel). 

The molecular structure of planar cyclohexane is given in Fig.(3.1). 

 

http://www.sciencedirect.com/science/article/pii/B9780123864543008356
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Fig.(3.1) The molecular structure of cyclohexane 

2. Phenol 

Phenol is an organic compound that is found naturally with the molecular 

formula C6H5OH, white crystalline solid at room temperature, also known 

as carbolic acid and phenic acid, It has various applications in medicine, 

and manufacturing of plastics, fertilizers, paints, rubber, adhesives, paper, 

and soap (Abdollahi, 2014). High-purified phenol (99.90%) was used.  

Phenol and its chemical used to building polycarbonates, epoxies, Bakelite, 

nylon, detergents, and numerous pharmaceutical drugs. 

The molecular structure of phenol is given in Fig.(3.2). 

 

Fig.(3.2) The molecular structure of phenol 

The characters of cyclohexane and phenol are shown in Table (3.1):  



  21 

 

Table (3.1) Physical and chemical properties of cyclohexane and 

phenol 

Property 

 

Cyclohexane 

(Colette et al, 2003) 

Phenol 

(Frumkin and 
Gerberding, 2008) 

Molecular weight 84.2         ⁄  94.111         ⁄  

Physical state          Liquid Crystalline solid 

Color Colorless Colorless 

Density                                     

Melting point 6.47      40.9      

Boiling point 80.7      181.8      

Viscosity (20 ºC)                  ) 

Water solubility (at 25°C)       ⁄                
Vapor pressure (at 25°C)                   

3.2 Experimental Apparatus 

 Density Apparatus 

The density of the binary liquid mixture cyclohexane – phenol was 

measured, The instruments that were used to measure it are: 

 Pycnometer (Density bottle) of 10ml with accuracy        , 

Pycnometer is used to keep a constant volume of the measured 

sample and it is usually made of glass with a close-fitting ground 

glass stopper with a capillary tube through it. Air bubbles may 

escape from the apparatus, Pycnometer is shown in Fig.(3.3).  
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Fig. (3.3) Pycnometer of 10ml for density measurement 

 The analytical balance HR-200 with accuracy of ± 0.00005% was used 

to measure the mass of cyclohexane and  phenol. It is shown in 

Fig.(3.4). 

 

 

Fig. (3.4) Analytical balance HR-200 to measure the mass 
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 Temperature Apparatus 

The temperature was measured using Appa 51 Digital Thermometer (with 

K-probes optional). The accuracy of this apparatus is             and 

the range of the temperature it measures from      to       resolution 

     to    . It is shown in Fig. (3.5). 
 

 

Fig. (3.5) Appa 51 Digital Thermometer 

Julabo F25-MV Refrigerated and Heating Circulator is used to measure and 

control the temperature of the samples to a specific temperature Fig.(3.6). 
 

 

Fig. (3.6) Julabo F25-MV Refrigerated and Heating Circulator 
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 Viscosity Apparatus 

The instruments that were used to measure the viscosity of cyclohexane 

and phenol binary mixture for different concentrations at various 

temperatures are glass capillary viscometers and Stopwatch: 

 The standard viscometer is the instrument with a capillary diameter of 

0.45 mm and a capillary length of 400 mm as shown in Fig.(3.7). The 

determination of the viscosity of water    = 1.0019 cP ± 0.0003 cP at 

(20 °C). The capillaries of viscometers used for industrial applications 

are usually shorter (70 - 250 mm). 

 

Fig. (3.7) Glass capillary viscometer 

 The instrument that is used to measure the time ACCUSPLIT Pro 

Survivor - A601X Stopwatch the range of the time it measures from   

to        and timing interval      ⁄ Sec. 
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 Joule`s Constant Apparatus 

 Calorimeter consists of an apparatus that is used for measuring the 

amount of heat absorbed during a physical transformation or chemical 

reaction. Glass calorimeter has been built to avoid the effect of phenol 

on metals. This glass calorimeter consists of a coil made of iron wire 

shield by a glass tube. The sample was put inside pyrex beaker. As 

shown in Fig. (3.8). 
 

  

Fig.(3.8) Calorimeter components 

Calorimeter set up is used to measure the heat capacity. The set has 

calorimeter, digital voltmeter, digital ammeter, and power supply as shown 

in Fig.(3.9). 
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Fig.(3.9) Calorimeter set up 

3.3 Procedure 

1. Density Measurements. 

The density for cyclohexane – phenol has been measured at different 

temperatures using the pycnometer. The mass of empty pycnometer is 

measured then when the pycnometer is filled with the mixture the mass was 

measured. The two masses are subtracted. The result is the mass of the 

binary mixture. The density is calculated by dividing the mass of the 

cyclohexane – phenol by the volume of the pycnometer. Binary mixture 

samples with different concentration should be prepared at the same 

temperature while the density is measured, because the density is affected 

by the temperature. High-purified Ethyl alcohol (99.9%) is used to clean 

the pycnometer.  
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The density for both cyclohexane and phenol separately is measured at 

room temperature which is for cyclohexane        
  

   
  and phenol 

       
  

   
 .  

2. Binary Liquid Mixture (Cyclohexane – Phenol) Samples 

Preparation. 

Concentrations are prepared from 0.00% to 40.00% by weight of phenol. 

The concentration of phenol in a given sample of cyclohexane and phenol 

in a given volume V can be calculated from equation (3.3.1):  

 

         
                   

                                                    
                         (3.3.1) 

 

Where          the density of phenol is,          is the volume of phenol, 

               is the density of cyclohexane, and               is the volume 

of cyclohexane. 

3. Viscosity Measurements. 

The viscometer consists of a U-shaped glass tube is held vertically in a 

controlled temperature path. In one arm of the U-shaped glass is a vertical 

section of precise narrow bore. Above this narrow bore, there is a bulb. 

There is another bulb located on the second arm with lower level. Liquid is 

risen up to the upper bulb by suction, and then the liquid is allowed to flow 

down through the capillary into the lower bulb. The time is taken for the 

level of the liquid to pass between these bulbs is proportional to the 

viscosity and has been measured using the stopwatch. High-purified Ethyl 

alcohol (99.90%) is used to clean the viscometer 



  28 

 

The viscosity of each sample was measured at temperature range from 

14.0ºC to 21.0ºC, The viscosity of the binary mixture at different 

temperatures is calculated by using: 

 

        
                         

              
                             (3.3.2) 

 

Where         is density of binary mixture,        is density of water, 

         is flow time of binary,        is flow time of water, and       is 

viscosity of water at certain temperatures. 

 Viscosity of water at temperature from                is given by: 

 

        
    

                                  
                         (3.3.3) 

Where   is temperature (  . 

Viscosity of water at temperature above       is given by: 

 

                  
 

   
 

                             

     
                               (3.3.4) 

Where   is temperature (   and     is viscosity of water at         

(David, 1985). 

4. Heat Capacity Measurement. 

The critical mixture of cyclohexane – phenol is weighed before putting in 

the calorimeter. The calorimeter is connected with power supply, digital 

ammeter, digital voltmeter. The reading of the digital ammeter equals to  

               and the digital voltmeter               at different 
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temperatures. The timer reads the time needed to reach to the specified 

temperature. 

The following equation is used to find the work done on the critical binary 

mixture 

                             

                                                (3.3.5) 

Eq.(3.3.5) is used to calculate Joule`s constant of cyclohexane – phenol 

binary liquid mixture  

  
 

 
                                             (3.3.5) 

Where W is the work, I is the current, V is the volt, t is the time, J is joule`s 

constant and H is the quantity of heat. 

The specific heat    of the binary mixture at different T is calculated by 

using:  

                                                                   (3.3.7) 

Where: H = the quantity of heat,    = mass of calorimeter beaker,    = 

mass of wire,    = mass U tube,    = mass of the binary mixture,    = 

specific heat of calorimeter beaker,    = specific heat of wire,    

 specific heat of U tube,    = specific heat of the binary mixture at critical 

concentration and ΔT is the difference in temperatures. 

3.4 Statistical Analysis 

The measured data are tabulated and fitted statistically using statistical 

program (Microsoft Office Excel). The coefficient R
2
 is calculated for each 

curve; it represents the percent of the data that is the closest to the line of 

best fit. 
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Chapter Four 

Results and Discussion 

4.1 The Critical Temperature and Critical Concentration 

This section has been done in collaboration with other group members to 

investigate the    and    . The main objective of this work starts with 

section 4.2. 

The dynamic viscosity values of binary liquid mixture cyclohexane – 

phenol samples of different concentrations (0.00%-40.00%) by weight of 

phenol are measured at temperature range (14.0-21.0ºC) and given in Table 

(4.1) and Table (4.2). 

Table (4.1) The dynamic viscosity values  of cyclohexane – phenol  

samples of different concentrations (0.00%-16.00%) by weight of 

phenol at temperature range (14.0-21.0ºC) 

 

  (cP) 

       

  (cP) 

       

  (cP) 

      

  (cP) 

      

  (cP) 

      

  (cP) 

      

  (cP) 

      

 (cP) 

      

T 

(ºC) 

1.3232 1.1177 1.0671 1.0366 1.0107 0.9851 0.9615 1.0243 14.0 

1.2987 1.1166 1.0575 1.0061 0.9924 0.9774 0.9395 1.0150 15.0 

1.2822 1.1007 1.0384 0.9928 0.9687 0.9566 0.9196 0.9948 16.0 

1.2677 1.0815 1.0289 0.9891 0.9646 0.9672 0.9040 0.9819 17.0 

1.2611 1.0800 1.0284 0.9921 0.9556 0.9416 0.8986 0.9757 17.5 

1.2435 1.0632 1.0160 0.9789 0.9455 0.9232 0.8877 0.9668 18.0 

1.2282 1.0552 1.0129 0.9657 0.9386 0.9109 0.8796 0.9613 18.5 

1.2073 1.0425 1.0042 0.9520 0.9285 0.9047 0.8709 0.9532 19.0 

1.1899 1.0250 0.9828 0.9442 0.9144 0.8936 0.8633 0.9436 19.5 

1.1789 1.0209 0.9794 0.9294 0.9133 0.8877 0.8518 0.9359 20.0 

1.1743 1.0076 0.9665 0.9163 0.9001 0.8784 0.8445 0.9246 20.5 

1.1624 1.0059 0.9670 0.9172 0.8997 0.8768 0.8390 0.9236 21.0 
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Table (4.2) The  dynamic  viscosity  values of  cyclohexane – phenol       

samples of different concentrations (18.00%-40.00%) by weight of 

phenol at temperature range (14.0-21.0ºC) 

  (cP) 

       

  (cP) 

       

  (cP) 

       

  (cP) 

       

  (cP) 

       

  (cP) 

       

 (cP) 

       

  (cP) 

       

T 

(ºC) 

2.1748 2.1254 1.8601 1.7645 1.5621 1.4298 1.3707 1.3111 14.0 

2.1210 2.0658 1.8188 1.7293 1.5410 1.3970 1.3372 1.2982 15.0 

2.0262 2.0235 1.7887 1.6838 1.4885 1.3539 1.2928 1.2694 16.0 

1.9862 1.9910 1.7639 1.6597 1.4363 1.3236 1.2364 1.2507 17.0 

1.9686 1.9602 1.7443 1.6456 1.4304 1.3114 1.2346 1.2427 17.5 

1.9289 1.9512 1.7077 1.6251 1.3955 1.2880 1.2224 1.2013 18.0 

1.9094 1.8965 1.6772 1.5976 1.3847 1.2777 1.2219 1.1920 18.5 

1.8730 1.8753 1.6499 1.5751 1.3688 1.2623 1.1936 1.1836 19.0 

1.8365 1.8546 1.6051 1.5357 1.3400 1.2343 1.1670 1.1673 19.5 

1.8304 1.8241 1.5895 1.5289 1.3331 1.2216 1.1568 1.1413 20.0 

1.7866 1.7958 1.5693 1.5017 1.3069 1.2092 1.1444 1.1245 20.5 

1.7832 1.7607 1.5370 1.4973 1.2881 1.1953 1.1330 1.1213 21.0 

Table (4.1) and Table (4.2) show that at each concentration, the viscosity 

decreases as the temperature increases. The heat is applied to liquids. The 

molecules can then slide over each other more easily making the liquid to 

become less viscous. 

The viscosity increases as the concentration by weight of phenol increases, 

because phenol substance is more viscous than cyclohexane at the same 

temperature. 

The dynamic viscosity of cyclohexane – phenol of different concentrations 

(2.00%-3.40%) by weight of phenol as a function of temperature are 

plotted in Fig.(4.1). 
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Fig.(4.1)  The dynamic viscosity of cyclohexane – phenol as a function of temperature 

at concentrations (2.00%-3.40%) by weight of phenol 

The anomaly can be noticed by plotting (2.00%-3.40%) by weight of 

phenol as shown in Fig.(4.2). 
 

 

Fig.(4.2) The dynamic  viscosity of  cyclohexane – phenol as a  function of temperature 

at concentrations 2.00% , 2.70% and 3.40% by weight of phenol 
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The experimental results of the dynamic viscosity of cyclohexane – phenol 

mixture show an anomaly at    and     in Fig. (4.2). The critical 

concentration     is 2.70% by weight of phenol and the critical temperature 

is determined at the highest value of the dynamic viscosity. The highest 

value of the dynamic viscosity is 0.9672 cP at concentration and 

temperature     = 17.0
0
C. This point is considered to be a critical point 

where the two liquids become one phase. 

At the critical point phase boundaries vanish, cyclohexane and phenol 

cannot be distinguished between each other, it is the point at which an 

infinitesimal change in temperature will lead to separation of the mixture 

into two distinct liquid phases. The two clearly distinguishable liquids,  

cyclohexane on top of the phenol.    

The experimental results of the dynamic viscosity of different 

concentrations (6.70%-16.00%) by weight of phenol as a function of 

temperature are plotted in Fig. (4.3).  
 

 

Fig.(4.3)  The dynamic viscosity  of cyclohexane – phenol as a function of  temperature 

at concentrations (6.70%-16.00%) by weight of phenol 
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The experimental results of the dynamic viscosity of cyclohexane – phenol 

mixture showed in Fig. (4.4). 

 

Fig.(4.4) The dynamic viscosity of cyclohexane – phenol as a function of temperature at 

concentrations (18.00%-25.50%) by weight of phenol 

The dynamic viscosities of cyclohexane – phenol mixture different 

concentrations (31.00%-40.00%) by weight phenol as a function of 

temperature are plotted in Fig. (4.5). 
 

 

Fig.(4.5) The  dynamic viscosity of  cyclohexane – phenol as  a function of temperature 

at concentrations (31.00%-40.00%) by weight of phenol 
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The experimental results of the dynamic viscosity of cyclohexane – phenol 

mixture did not shows an anomaly in Figs.(4.3) – (4.5). Van der Waals 

predicted that a phase separation could occur in a binary mixture at 

temperatures above the critical temperature of a binary mixture. 

Dynamic viscosity of cyclohexane – phenol mixture decreases as the 

temperature rises. The viscosity increases with the increase of the 

concentration of phenol. Cyclohexane and phenol are clearly two separated 

liquids, where the cyclohexane is above the phenol in all other 

concentrations, except at the critical concentration, they become one phase 

and undistinguishable. 

4.2 The Noncritical Part of Dynamic Shear Viscosity    

The dynamic Shear viscosity is temperature dependent at the critical 

concentration and above the critical temperature. The data of dynamic 

shear viscosity are fitted using the power law  

     
                                                 (4.2.1) 

The data of dynamic shear viscosity coefficients η at the critical 

concentration          , above the critical temperature                         

0.1 ≤      ≤    are given in Table (4.3) 
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Table (4.3) The dynamic shear viscosity values of cyclohexane – phenol 

above the critical  temperature            for the critical mixture 

cyclohexane – phenol 

       
 

      
  

    

  
                 

-5.1358 -5.1358 0.005882 0.1 0.9593 17.1 

-4.0371 -4.0371 0.017647 0.3 0.9539 17.3 

-3.5263 -3.5263 0.029412 0.5 0.9416 17.5 

-2.8332 -2.8332 0.058824 1.0 0.9232 18.0 

-2.4277 -2.4277 0.088235 1.5 0.9120 18.5 

-2.1400 -2.1400 0.117647 2.0 0.9047 19.0 

-1.9169 -1.9169 0.147059 2.5 0.8936 19.5 

-1.7346 -1.7346 0.176471 3.0 0.8877 20.0 

-1.5804 -1.5804 0.205882 3.5 0.8784 20.5 

-1.4469 -1.4469 0.235294 4.0 0.8768 21.0 

ln( ) is plotted against ln(τ) to find the value of the critical exponent     as 

shown in Fig (4.6). 

 

 

Fig. (4.6)  Plot of ln( ) versus ln(τ) above the critical  temperature for    the critical  

mixture cyclohexane – phenol 
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Fig (4.6) shows that the values of the shear viscosity fit the power law 

      
   ƞ  

It represent a linear equation as follows  

                        

The critical exponent for the critical mixture cyclohexane and phenol is the 

slope of  Fig.(4.6) which equals to 0.0401 it is in good agreement with the 

critical exponent      of Abdelraziq value of which equal 0.04 (Klein and 

Woermann; 1978, Abdelraziq; 2002).  

The intercept equals                 , from which we can calculate the 

noncritical part of the shear viscosity                  

Viscosity was taken at the temperatures between 17.1  to 21.0  because 

power law is occurred at the temperature that is close to the critical 

temperature. 

4.3 Thermal Expansion Coefficient 

The isobaric thermal expansion coefficient and background thermal 

expansion for cyclohexane – phenol critical mixture is calculated by using 

the definition 

        
                                          (4.3.1) 

Where: 

     (
    

   
)                                           (4.3.2) 
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The thermal expansion coefficient    can be determined by using equation 

(4.3.2) where (
    

   
)  is estimated from the fit of     at various 

temperatures T    . 

The data of the mass density   and its inverse     are presented in Table 

(4.4) at different temperatures and above the critical point. 

Table (4.4) The mass density and its  reciprocal  values  at  different 

temperatures above (Tc, xc) 

 

          ⁄  Mass density (ρ)       ⁄         
1.3552 0.7378 17.2 

1.3555 0.7377 17.4 

1.3557 0.7375 17.5 

1.3559 0.7374 17.8 

1.3561 0.7373 18.0 

1.3563 0.7372 18.3 

1.3565 0.7371 18.5 

1.3566 0.7370 18.8 

1.3568 0.7370 19.0 

1.3570 0.7369 19.3 

1.3572 0.7368 19.5 

The data of the reciprocal of the density are plotted as a function of 

temperature as shown in Fig.(4.7).  
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Fig. (4.7) The reciprocal of density for the critical mixture cyclohexane– phenol as 

function of temperature   above (Tc, xc) 

The slope of Fig. (4.7) is (
    

   
)                 ⁄        

The values of      are calculated by multiplying the density at each 

temperature with the value of (
    

   
)   

Table (4.5) The isobaric thermal expansion coefficient at different 

temperatures for the critical mixture cyclohexane – phenol 

 

                            
1.630182 0.011765 5.9028 17.2 

1.510507 0.023529 5.9016 17.4 

1.473882 0.029412 5.9006 17.5 

1.399618 0.047059 5.8999 17.8 

1.365681 0.058824 5.8988 18.0 

1.326831 0.076471 5.8983 18.3 

1.306109 0.088235 5.8972 18.5 

 

 

   ρ-1 = 0.0008 T + 1.3421 
R² = 0.9822 

1.3545

1.355

1.3555

1.356

1.3565

1.357

1.3575

1.358

17 17.5 18 18.5 19 19.5 20

ρ
-1

 (
cm

3
 g

m
-1

) 

T(0C) 

   (     )⁄  



  41 

 

The critical and background thermal expansion coefficients can be 

evaluated by plotting the isobaric thermal expansion coefficients  p versus 

    as shown in Fig.(4.8). 
 

 

Fig. (4.8) The thermal expansion coefficient for the critical mixture cyclohexane – 

phenol as function of   
-0.11

 

The slope of Figure (4.8) represents the critical isobaric thermal expansion 

coefficient                   
 according to                       

   

   . The intercept of the line represents the background isobaric thermal 

expansion coefficient                        

4.4 Calculation of the Pressure Derivation of the Critical Temperature 

Two – scale – factor universality can be used to find the Pressure 

Derivation of the Critical Temperature   
  of the cyclohexane – phenol 

binary liquid mixture (Hohenberg et al, 1976; Abdelraziq, 2002): 

αp = 0.0166 τ-0.11  + 5.8762 
R² = 0.9566 
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                                 (4.4.1) 

Where is the universal quantity   is the critical exponent and it is equal to 

0.11, d = 3 is the dimension of the space,     is the Boltzmann's constant it 

is equal                   

 
, the critical temperature        and the 

background isobaric thermal expansion                    . 

The pressure derivation of the critical temperature along the critical line of 

cyclohexane – phenol binary   
  

   

  
 is calculated and it is equals 

          
  

   
  

4.5 Calculation of the Critical Isobaric Specific Heat 

Two – scale – factor universality can be used to find the critical isobaric 

specific heat      of the cyclohexane – phenol binary liquid mixture 

(Hohenberg et al, 1976; Abdelraziq, 2002): 

      (
       

  
)

 

 
                              (4.5.1) 

Where critical exponent         , d = 3 is the dimension of the space,    

mass density at the critical temperature           
  

   
 (experimentally 

measured by pycnometer), critical amplitude for the correlation length    

       measured by Abdelraziq (Abdelraziq, unpublished results) and 

Boltzmann's constant is given  by                       

 
  

The critical isobaric specific heat       of cyclohexane – phenol binary 

liquid mixture is calculated and it is equals       
     

     
.  

The isobaric specific heat and background specific heat of cyclohexane – 

phenol critical mixture are calculated by using the definition 

        
                                          (4.5.2) 
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The data of isobaric specific heat are fitted by using equation (4.5.2).  

The isobaric specific heat at the critical concentration           above 

the critical temperature are given in Table (4.6) 

Table (4.6) The isobaric specific heat at different temperature for the 

mixture cyclohexane – phenol at critical concentration of phenol 
  

    
        

     
               

                          
                          
                          

The isobaric specific heat is used to determine the Joule`s constant. 

4.6 Calculation of the Joule`s Constant  

The Joule`s constant   of cyclohexane – phenol is determined by using 

  
 

 
                                             (4.6.1) 

Where:  

                                             (4.6.2) 

 

                                                 (4.6.3) 

The quantity of isobaric specific heat    at different temperatures from 

Table (4.6),                and                the critical mixture 

cyclohexane – phenol. 

The work W, the quantity of heat H, the temperature readings and the time 

reading of Joule`s constant experiment are given in Table (4.7). 

 

 



  43 

 

Table (4.7) Joule`s constant experiment data temperatures for the 

critical mixture cyclohexane – phenol 
 

   
       

     
                                          

                                      
                                      
                                      

The Joule`s constant   evaluated temperatures close to the critical 

temperature. Joule`s constant values here are not constant because the 

specific heat changes with temperature change. The average value for 

Joule`s constant equals       
       

     
   

The Joule`s constant J of cyclohexane – phenol is not equal Joule`s 

constant for water because Joule`s constant of water equals        
       

     
 

when the temperature of 1g water is increased from 14.5  to 15.5 . 

While average value for Joule`s constant of cyclohexane – phenol binary 

mixture equals       
       

     
  when it's temperature changed according to 

the following values (25  - 18.5 ), (25  - 19.0 ) and (25  - 19.5 ). 

4.7 The Noncritical Part of Mass Density 

The mass density is expected to be temperature   dependent at the critical 

concentration    and above critical temperature which is given by the 

power law as viscosity, The power law of the mass density   is used to 

determine the background mass density   .  

     
                                            (4.7.1) 

Where     is critical exponents and        (Klein and Woermann; 1978, 

Abdelraziq; 2002). 
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The data of density are fitted by using equation (4.7.1).  

The data of density at the critical concentration           above the 

critical temperature are given in Table (4.8) 

Table (4.8) The measured density above the critical temperature            

for the critical mixture cyclohexane – phenol 

              ⁄          
    

  
           

-0.30381 0.73800 -3.74950 0.023529 0.4 17.3 

-0.30437 0.73758 -3.52636 0.029412 0.5 17.5 

-0.30469 0.73735 -2.83321 0.058824 1.0 18.0 

-0.30495 0.73716 -2.42775 0.088235 1.5 18.5 

-0.30515 0.73701 -2.14007 0.117647 2.0 19.0 

-0.30543 0.73680 -1.91692 0.147059 2.5 19.5 

-0.30564 0.73665 -1.73460 0.176471 3.0 20.0 

      is plotted against        as shown in Fig (4.10). 

 

 

Fig. (4.9) Plot of        versus       above the critical temperature for the critical 

mixture cyclohexane – phenol 

 

ln (ρ) = -0.0007ln (τ) - 0.3068 
R² = 0.9779 
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ρ
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The slope from Fig.(4.9) is       =        and     equals        . The 

intercept equals        = - 0.3068 which gives noncritical part                      

            
  

   
  

Mass density typically exhibits power law behavior in the asymptotic 

region which are very close to a critical point like other thermodynamic 

properties. Mass density power law universal critical exponent, the value of 

critical exponent depending only on very general properties, such as 

dimensionality and the range of microscopic interactions in the system. 
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Chapter Five 

Conclusion  

The dynamic shear viscosity coefficients of the binary liquid mixture 

cyclohexane and phenol for different temperatures and concentrations are 

measured using glass capillary viscometer. Shear viscosity anomaly is 

clearly observed near the critical temperature           and the critical 

concentration            by weight of phenol. Mode Coupling Theory 

of the dynamic shear viscosity is used to fit our experimental data above 

the critical temperature. It is found that the value of noncritical part of the 

dynamic shear viscosity    = 0.8174 cP.   The mass density is expected 

power law, found the value of critical exponents              and 

  equals        , and noncritical part of the mass density     

        
  

   
   The density of the critical mixture was measured to be 

           
  

   
   

The critical isobaric specific heat       for cyclohexane – phenol binary 

liquid mixture is determined to be       
      

     
.  The data of isobaric 

specific heat are used to determine the Joule`s constant to be   

       
       

     
. 

The isobaric thermal expansion coefficient     at the critical temperature 

and concentration of the critical mixture cyclohexane – phenol was 

calculated by using the two scale factor universality to be                        

                    and the background isobaric thermal expansion 

coefficient                      
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The pressure derivation of the critical temperature along the critical line of 

cyclohexane – phenol binary   
  

   

  
 is calculated and it is equals 

          
  

   
  

The results of the different thermodynamic properties of the binary liquid 

mixture cyclohexane – phenol that have been calculated or measured in 

Table (5.1). 

Table (5.1) Summary of the measured and calculated parameters in 

this work 

The measured and calculated value Our results 

  
        

  
        

  
   0.8174 cP 

    
          

      

     
 

            
       

     
 

   
                 

   
                    

              
  

           

  
          

  

   
 

  
         

  

   
 

  
              

  

   
 

*: Measured value, **: Calculated value 

 

 

 

 

References 



  48 

 

 Abdelraziq  I., Yun S., and Stumpf B., "Critical behavior of the 

ultrasonic attenuation and velocity and shear viscosity for the 

binary mixture of nitrobenzene-N-hexane",  The Journal of the 

Acoustical Society of America, 88(4), 1831-1836 (1990). 

 Abdelraziq I., "Concentration and temperature dependence of shear 

viscosity of the critical mixture of nitroethane and 3-

methylpentane", An-Najah University Journal for Research, 16, 117-124 

(2002).  

 Abdelraziq I., "Correlation lengths of some binary mixtures", 

unpublished results. 

 Abdelraziq I., "Critical behavior of the ultrasonic attenuation for the 

binary mixtures of benzene-coconut oil and hexane-β, β′-

dichloroethyl ether", The Journal of the Acoustical Society of America,  

91(4), 716-722 (2005). 

 Abdelraziq I., "The behavior of the ultrasonic of the cyclohexane 

and aniline", Islamic University Journal, 4, (1996). 

 Abdelraziq I., "Two-scale-factor universality of binary liquid critical 

mixtures", Pakistan Journal of Applied Science, 3, 142-144 (2003). 

 Abdelraziq I., "Ultrasonic absorption in critical binary mixture of 

perfluoromethylcyclohexane and carbon tetrachloride", The Journal 

of the Acoustical Society of America, 107, 788-792 (2000). 

 Abdelraziq I., Musameh S., and Abu-Jafar, "Shear viscosity anomaly 

naear the critical binary system of nitrobenzene-N-heptane", 

Bethlehem University Journal, 16, 70-78 (1997). 



  49 

 

 Abdelraziq I., Spickler P., Yun S., and Stumpf  B., "Velocity and 

absorption of ultrasound in binary solutions of 

polyvinylpyrrolidone and water", The Journal of the Acoustical 

Society of America, 85(3), 819-820 (1989). 

 Abdelraziq I., Yun S., and Stumpf B., "Critical behavior of the 

ultrasonic attenuation and velocity and shear viscosity for the 

binary mixture of carbon tetrachloride and coconut oil", The Journal 

of the Acoustical Society of America, 91(2), 844-848 (1992). 

  Abdollahi M., "Encyclopedia of Toxicology", Third Edition, 

 Reference Module in Biomedical Sciences, 871-873 (2014). 

 Barmatz M., and Hahn I., "Critical phenomena in microgravity: past, 

present and future", Reviews of Modern Physics, 79, 40-46 (2007).  

 Binder K., Das S., Fisher M., Horbach J., and Sengers J., "Diffusion 

Fundamentals", Dresden, Germany,  (2007). 

 Bsharat H., "Critical behavior of the refractive index of   binary 

liquid mixture cyclohexane – phenol", An-Najah National University, 

Thesis, (2015). 

 Cheung A., "Phase Transitions and Collective Phenomena", Lecture 

Notes, 5-9 (2011). 

 Clements C., Craig-Schmidt M., Fasina O. O. and Hallman H., 

"Predicting temperature-dependence viscosity of vegetable oils 

from fatty acid composition", Journal of the American Oil Chemists' 

Society, 83(10), 899-903 (2006). 

http://www.sciencedirect.com/science/article/pii/B9780123864543004206?np=y
http://www.sciencedirect.com/science/referenceworks/9780128012383


  51 

 

 Colette S., Elizabeth H., Martha G., and Andrea P.,                

"Toxicological  Review  of   Cyclohexane", United States 

Environmental Protection Agency, Washington, (2003). 

 Damir I., Marina G., Gabdlnur Kh., and Ilmutdin M., "Measurements 

of the density and viscosity of 1-hexene + 1-octene mixtures at high 

temperatures and high pressures", Thermochimica Acta, 592, 73-85 

(2014).  

 David R., "CRC handbook of chemistry and physics", (1985). 

 Debye P., "Angular dissymmetry of the critical opalescence in liquid 

mixtures", The Journal of Chemical Physics, 31, 680-681 (1959).  

 Domanska U., and Krolikowaska M., "Density and viscosity of binary 

mixtures of thiocyanate ionic liquids + water as a function of 

temperature", Journal of Solution Chemistry, 41(8), 1422-1445 (2012). 

 Druk B., Kleine G., "Correlational Aspects of the Viscosity - 

Temperature - Pressure Relationship of Lubricating Oils", Cornelis 

Julianus Adrianus Roelands, 21-25 (1966). 

 Dutt N., Ghosh T. K., Prasad D. H. L., Rani K. Y. and Viswanath D. S., 

"Viscosity of liquids theory, estimation, experiment, and data", 33, 

444-553 (2007). 

 Easteal AJ, "Tracer diffusion coefficients of tritiated water and 

acetonitrile in water + acetonitrile mixtures", Australian  Journal of 

Chemistry, 33(8), 1667-1675 (1980). 

 Emila M., Mirjana L., Ivona R., Slobodan P., and Bojan D., "Viscosity 

of the binary systems 2-methyl-2-propanol with n-alkanes at T = 



  51 

 

(303.15, 308.15, 313.15, 318.15 and 323.15) K: prediction and 

correlation – new unifac–visco interaction parameters", Fluid Phase 

Equilibria, 299, 191-197 (2010). 

 Ezekiel D., Dikio1., Simphiwe M., David A., and Eno E., "Density, 

dynamic viscosity and derived properties of binary mixtures of 

methanol, ethanol, n-propanol, and n-butanol with pyridine at T = 

(293.15, 303.15, 313.15 and 323.15) K ",  International Journal of 

Electrochemical Science, 7, 11101-11122 (2012). 

 Fixman M., "Viscosity of Critical Mixtures", Journal of Chemistry and 

Physics, 36, 310-311 (1962). 

 Frumkin H., and Gerberding J., "Toxicologlcal Profile for Phenol", 

United States Department of Health And Human Services, 13-15(2008).  

 Gad S., "Encyclopedia of Toxicology", Third  Edition, Reference 

Module in Biomedical Sciences, 1106-1108 (2014). 

 Giner B., Artigas H., Haro M., Lafuente C., and López M., "Viscosities 

of binary mixtures of 1,3-dioxolane or 1,4-dioxane with isomeric 

chlorobutanes", Journal of Molecular Liquids, 129, 176-180 (2006). 

 Gowrisankar M., Venkateswarlu P., Siva Kumar K., and Sivarambabu 

S., "Thermodynamics of amine + ketone mixtures 3. volumetric, 

speed of sound data and viscosity at (303.15 and 308.15K) for the 

binary mixtures of N,N-dimethylaniline + propiophenone, p-

methylacetophenone, pchloroacetophenone", Journal of Molecular 

Liquids, 173, 172-179 (2012). 

http://www.sciencedirect.com/science/referenceworks/9780128012383
http://www.sciencedirect.com/science/referenceworks/9780128012383


  52 

 

  Hadded N., and Bouanz M., "Excess molar heat capacity of 

isobutyric acid–water binary liquid mixtures near and far away 

from the critical temperature", Journal of Molecular Liquids, 130, 

11-14 (2007). 

 Hansen Jean-Pierre, and McDonald I. R., "Theory of simple liquids", 

Third edition, Academic Press, (2005). 

 Hohenberg P. C., Aharony A., Halperin B. I., and Siggia E. D., "Two – 

scale – factor universality and the renormalization group", Physical 

Review B, 13(7), 2986-2987 (1976). 

 Iloukhani H., and Rostami  Z., "Densities, excess molar volumes, and 

viscosities of the binary and ternary mixtures of {diethylcarbonate 

(1)+p-chloroacetophenone (2)+1-hexanol (3)} at 303.15 K for the 

liquid region and at ambient pressure", Journal of Molecular Liquids, 

142, 83-87 (2008). 

 Iwanowski I., and Sorau A., "Critical behavior and crossover effects 

in the properties of binary and ternary mixtures and verification of 

the dynamic scaling conception", Dissertation, Georgia Augusta 

University, (2007). 

 Jian-Wang, Hai-chao J., Yu-min L., and Yong-qi H., "Density and 

surface tension of pure 1-ethyl-3-methylimidazolium L –lactate  

ionic liquid and its binary mixtures with water", The Journal of 

Chemical Thermodynamics, 43, 800-804 (2011). 

 Juntarachat  N., Bello S., Privat R., and Jean-Noël J., "Validation of a 

new apparatus using the dynamic method for determining the 



  53 

 

critical properties of binary mixtures containing     and a n-

alkane", Fluid Phase Equilibria, 325, 66-70 (2012). 

 Kestin Joseph, Ezzat H. Khalifa, and Robert J. correia, "Tables of the 

dynamic and kinematic viscosity of aqueous NaCl solutions in 

temperature range 20-150ºC and the pressure range 0.1-35 MPa", 

Journal of Physical and Chemical Reference, 10(1), 57-59 (1981). 

   Kharat  J., and Nikam S., "Density and viscosity studies of binary 

mixtures of aniline + benzene and ternary mixtures of (aniline + 

benzene + N, N-dimethylformamide) at 298.15, 303.15, 308.15, and 

313.15 K", Journal of  Molecular Liquids, 131-132, 81-86 (2007). 

 Klein H. and Woermann D., "Analysis of light-scattering and specific 

heat data of binary liquid mixtures in terms of the two-scale-factor 

universality", Journal of Physical Chemistry, 82, 1084-1086 (1978).  

 Laura G., Santos F., Jose M., Gallardo M., Blanco S., 

Artal M., and Velasco I., "Experimental setup to measure 

critical properties of pure and binary mixtures and their 

densities at different pressures and temperatures 

determination of the precision and uncertainty in the 

results", Journal of Supercritical Fluids, 44(2), 123-138 

(2008). 

 Laura G., Sofia T., Clara R., Eduardo L., Javier F., Manuela A., and 

Inmaculada V., "Experimental determination of the critical loci for 

{n-C6H14 or CO2 + alkan-1-ol} mixtures. Evaluation of their critical 



  54 

 

and subcritical behavior using PC-SAFT EoS", Journal of 

Supercritical Fluids, 71, 26-44 (2012). 

 Little B. E, and Huang W. P, "Coupled–mode theories for optical 

wave guides", Progress in Electromagnetic Research, 2017-270  

(1995). 

 Niarat T., Sharif M. Musameh, and Issam R. Abdel-Raziq, 

"Temperature-dependence of olive oil viscosity", Materials Science , 

11(7), 233-238 (2014). 

 Omar S., "The adiabatic coupling constant for the binary liquid 

mixture methanol – cyclohexane", An-Najah National University, 

Thesis, (2014). 

 Oswal  S., Prajapati  K.,  Oswal  P., Ghael  N., and  Ijardar S., 

"Viscosity of binary mixtures of 1-alkanol+cyclohexane,2 – 

alkanol+ cyclohexane and 1-alkanol+methylcyclohexane at 303.15 

K", Journal of Molecular Liquids, 116, 73-82 (2005).    

 Pathria R.,  Beale P., "Statistical mechanics", Third Edition, 

University of Colorado at Boulder, (2011). 

 Perl R., and Ferrell R. A., "Some topics in non equilibrium critical 

phenomena", Physical Review, A6,  23-58 (1972). 

 Qasim M., and Darwish N., "Prediction of stability limits and critical 

conditions of binary liquid mixtures containing nitro-methane using 

the NRTL model", Fluid Phase Equilibria, 360, 146-155 (2013). 

 Ratajczak B., Bartkowiak M., Koziol T., Benoit C., and Keith E., "An 

apparent critical point in binary mixtures of nitrotoluene with 



  55 

 

alkanes: Experimental and simulation study", Journal of 

Computational Methods in Sciences and Engineering, 10, 561-572 

(2010). 

 Reichman D. R., and Charbonneau P., "Mode-coupling theory", 

Journal of Statistical Mechanics: Theory and Experiment, 2005, 5013 

(2005).  

 Rice O. K., "Critical Phenomena in Binary Liquid Systems", 

Chemical Reviews, 44, 69-92 (1949). 

 Ryo A., Katsuyuki T., and Yukihiro H., "Measurements of saturated 

density and critical parameters for the binary mixture of 2,3,3,3-

tetrafluoropropene (R-1234yf) + difluoromethane (R-32)", 

International  Journal of Refrigeration, 36, I34I-I346 (2013). 

 Secco R., deBruyn J., and Kostic M., "Fluid Viscosity Measurement", 

Northern Illinois University, (2013). 

 Serway R., and Vuille C., "College Physics", Ninth Edition, Cengage 

Learning International Offices, (2012).  

 Strathmann J., "Thermodiffusion in the Critical Region", The 

University of Akron, (2002). 

 Viswanath D. S., Ghosh T. K., Prasad D. H. L., Dutt N. V. K., and Rani 

K. Y., "Viscosity of Liquids, Theory, Estimation, Experiment and 

Data", Springer, 12-14 (2007).  

 Wei-Kuan Chen, Kun-Jung Lee, Jing-Wei Ko, Chieh-Ming J. Chang,  

Daian Hsiang, and  Liang-Sun Lee, "Vapor – liquid equilibria and 

density measurement for binary  mixtures of toluene, benzene o-



  56 

 

xylene, m –xylene, sulfolane and nonane at 333.15 K  and 353.15 

K", Fluid Phase Equilibria, 287, 126-133 (2010). 

 Zhang, Jianbin Zhang, Yongfeng Zhang, Jie Bai, Tianrui Huo, and 

Xionghui Wei, "Excess molar volumes and viscosities of 

poly(ethylene glycol) 300 + water at different temperatures", Fluid 

Phase Equilibria, 313, 7-10 (2012). 

 Zoran P., Abel G., and Isabel M.,"Densities and viscosities of the 

ternary mixtures water + butyl acetate + methanol and water + 

ethyl propionate + methanol at 303.15 K", Journal of Chemical and 

Engineering Data, 45, 926-931 (2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

  

 

 

 

 

 

 

.. 

. 

 

            

        

2015



    

 

 

 

.. 

. 

 - 

   

                     

   = 0.8174 cP

           
  

   
    

   (    .                 

            
     

     
    

      
       

     
  

 

          
  

   
 

 

 

 




