
 

 

INTRODUCTION 

 A detailed study of the 

thermodynamic, transport, and 

dielectric properties of fluids and fluid 

mixtures is important not only for the 

solution problems concerning vapor-

liquid equilibria, heat transfer, fluidity, 

and so forth but also for the 

development of our understanding of 

molecular motions and interactions in 

such systems.1,2 Recently, interest in the 

study of liquid mixtures containing 

esters as one of the components3-9 has 

increased. These studies are of great 

significance because one can get 

information regarding structural 

changes that occur in the pure ester 

because of the mixing, and  they are also 

useful form viewpoint of building up a 

valid theory and testing the existing 

ones. Viscosity is an important bulk 

property that provides a measure of the 

internal friction of a fluid and is closely 

related to self-association in liquids. 

Therefore, viscosity results of liquid  
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mixtures are essential in chemical 

engineering for the determination of flow 

in pipelines, heat  transfer, and so forth. 

A literature survey reveals that very few 

attempts10-16 have been made a study 

the viscosity of liquid mixtures 

consisting of a variety of esters in 

different solvents. Esters possess high 

dipole moments but behave like normal 

liquids; this behavior is quite different, it 

is of interest to study the viscosities of 

esters and their binary mixtures. In 

continuation of our previous work,17,18 

we report in this paper the 

measurements of viscosities, densities, 

and refractive indexes of binary liquid 

mixtures of (ethyl formate + o-xylene, m-

xylene, p-zylene, or ethyl-benzene) and 

(ethyl benzoate +   o-xylene,  m-xylene, 

p-xylene, or ethylbenzene) at the 

temperatues (303.15 and 313.15) L and 

atmospheric pressure. The deviations in 

viscosity and the deviations in molar 

refraction were then calculated. The 

deviations in viscosity were correlated by 

a polynomial expression. 
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Table 1 : Comparison of 

Experimental Densities (),  Dynamic 

Viscosities (), and Refractive 

Indexes (nD) of Pure Liquids with 

Literature Values. 
liquid T/K r/kg.m-3 h/mPa.s nD 

exptl lita exptl lita exptl Litb 

ethyl  

formate 

303.15 908.1 908.5b 0.366 0.58 1.3552 1.3552 

313.15 894.9 
 

 0.339  1.3549  

ethyl  

benzoate 

 

303.15 1037.4 

 

1037.2 1.748 1.751 1.5009 1.5015 

313.15 1.28.5 

 

 1.438  1.4997  

o-xylene 

 

303.15 870.7 871.7 0.695 0.693a 1.5001 1.5002a 

313.15 863.3 

 

 0.621  1.4981  

m-xylene 

 
 

303.15 855.3 855.8 0.557  1.4920 1.4921 

313.15 847.1  0.508  1.4901  

p-xylene 

 

303.15 851.9 852.2 0.566 0.566 1.4911 1.4906a 

313.15 844.0 

 

 0.517  1.4902  

Ethyl 
benzene 

303.15 857.6 858.1b 0.597 0590a 1.4910. 1.4906 

313.15 849.2  0.538  1.4891  

 
a Reference 19. b Extrapolated values 

form ref. 19.c Reference 20. 

 

Experimental Section 

 Chemicals o-xylene, m-xylene,  

p-xylene, all analyteical grade (BDH), 

were purified as per the standard 

procedure given by Riddick et al.19 Ethyl 

benzene, ethyl formate, and ethyl 

benzoate, all (Fluka, AG) with a 

reported purity of >99%, were used 

without further treatment. All of the 

chemicals were distilled before use, and 

the purity of these samples was tested 

by measuring their densities, 

viscosities, and refractive indexes at 

303.15 K. Table 1 lists the densities , 

viscosities, and refractive indexes of the 

pure components, together with the 

literature values, 19,20 at 303.15K  

 Apparatus and Procedure, 

Liquid mixtures were prepared by mass 

using a Mettler balance with an 

accuracy of ±0.02 mg. The uncertainty 

of the mole fraction was estimated to be 

lower than ± 4 x 10-4. To prevent the 

samples from preferential evaporation, 

the mixtures were prepared by 

transferring aliquots via syringe into 

suitably stoppered bottles. The 

mixtures were completely miscible over 

the whole composition range. Densities 

were determined with a pycnometer 

having a bulb volume of about 20 cm3 

and a capillary internal diameter of 

about 1 mm. The pycnometer was 

calibrated at 303.15 K and 313.15 K 

with doubly distilled water. The 

corresponding uncertainty of the 

density determination is estimated to 

be better than ±0.2 kg.m-3. The 

viscosities of the pure liquids and of the 

mixture were determined using an 

Ubbelohde viscometer. The method and 

calibration of the viscometer have 

already been reported elsewher.17 

Kinetic energy corrections were applied 

to viscosity data, and their 

uncertainties were estimated to be 

better than ±0.003 mPa’s. In making 

determinations, both the pycnometer 

and the viscometer were maintained in 

a thermostatic bath until at least three 

consecutive measurements of the liquid 

height in the capillaries or the flow time 

indicated that the sample had reached 

temperature of the bath. The 

temperature of the water thermostat 

was controlled to ±0.01 K. A 

proportional integral control model was 

used to maintain the temperature in 

the thermostat to be within ±0.01 K of 

the desired value. The refractive 

indexes were measured using a 

thermostated Abb refractometer (model  

R-8), which works with the wavelength  

corresponding to the D line of sodium. 

The prism was equipped with a tightly 

fitting lid that preserves the sample 

from preferential evaporation. The 

instrument calibration was carried out 

with doubly distilled water. An average 

of three measurements was taken for 

each sample mixture. The uncertainty 

of the refractive indexes thus estimated 

is found to be lower than ±  2 x 10-4. 

 

Results and Discussion 

 Table 2 shows the experimental 

densities , dynamic viscosities , 

refractive indexes nD, viscosity deviation 

, and molar refraction deviations R  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



obtained for various binary mixtures at 

303.15 K and 313.15 K. The dynamic 

viscosities of the mixtures were 

determined by multiplying the 

kinematic viscosity by the density of the 

mixture at the same composition. The 

viscosity deviations  were obtained 

from dynamic viscosity composition 

data through  

 

 =  - (x11 + x22)                          (1) 

 

where , 1 and 2 are the dynamic 

viscosities of the mixture and pure 

components 1 (ester) and 2 

(hydrocarbon), respectively. The Dh 

values were correlated satisfactorily 

using the Ridlich - Kister21 equation 

 

 = x1x2[A0 + A1(x1 - x2) + A2 (x1 - X2)2]                               

   (2) 

 

where the values of fitting coefficients 

A0, A1 and A2 were determined by a 

least-squares method. Table 3 shows 

the fitting coefficients and the standard 

deviations for each of the binary 

mixtures at the working temperature. It 

was observed that the average standard 

deviation value of the deviations of 

viscosity  for all the systems is 0.004 

mPa. at 303.15 K and 0.005 mPa.s at 

313.15 K. The mixture viscosities have 

been recalculated from Frenkel,22 the 

one-parameter empirical relation 

     In  - x1
2 In 1 + x1

2 + 2x1x2 In 1
2  

                                               (3) 

 

where the value of 12 is obtained by 

the relation  

 

 12  = 0.51 + 0.52          

 

This value of 12 was used to obtain  

at other compositions. The calculated 

viscosity results are included in Table 

2. A persual of Table 2 indicate that the 

agreement between the experimental 

and calculated values at both 

temperatures is good and within the 

experimental error. The deviations in 

molar refraction R were calculated as 

a function of mole fraction x1 using the 

following expression 

 

 R  = RM -  xiRi                   (4) 

                           i 

 

where RM is molar refraction of the 

mixture obtained from the Lorentz - 

Lorentz equation23 and Ri is the moalr 

refraction for component i. As noted 

from Table 2, the  values were 

negative over the entire composition 

range for all of the system in this study 

at both temperatures. The maximum of 

the  values was located at about       

x1 = 0.5. Furthermore, it was observed 

that in the case of systems containing 

ethyl formate the viscosity deviation 

was maximum for o-xylene and 

minimum for ethylbenzene whereas for 

systems of ethyl benzoates the 

deviation was maximum for p-xylene 

and minimum for o-xylene. These 

negative  values were ascribed to the 

dominance of dispersion forces 

compared to the induced dipole-dipole 

interactions. The effect of temperature 

on the viscosity deviations can be 

justified because an increase in 

temperature caused an increase (less 

negative) in  values except for 

mixtures of ethyl formate + p-xylene 

and ethyl formate + ethyl benzene, for 

which the  values decrease (more 

negative) slightly. However, in 

comparison to the system of ethyl 

formate the temperature effect was 

found to be more significant for the  

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 

Figure 1. Deviations in viscosity vs 

mole fraction of ethyl formate +           

o-xylene ( ),  + m-xylene ( ) + p-xylene  

( ), and + ethyl benzene ( )] 

respectively, at 303.15 K and for ethyl 

formate + o-xylene ( ),  + m-xylen ( ), + 

p-xylene ( ), and  + ethyl benzene ( ), 

respectively, at 313.15K. 

 

 
Figure 2. Deviations in viscosity  vs 

mole fraction of ethyl benzoate +          

o-xylene (  ),  + m-xylene ( ), + p-xylene   

( ), and + ethyl benzene ( ) 

respectively, at 303.15 K and for ethyl 

benzoate +  o-xylene ( ) ,  + m-xylene      

( )+ p-xylene ( ), and  + ethyl benzene   

( ), respectively, at 313.15K. 

 

systems of ethyl benzoate. Figure 1 and 

2 display the isothermal variations of 

the  values with the mole fraction of 

ester. In general, the shapes of the 

curves were nearly symmetrical except 

those from the binary mixtures of ethyl 

formate + p-xylene that showed the 

maxima slightly skewed toward a lower 

ester mole fraction. The deviations in 

molar refraction R values were positive 

over the entire composition range for all 

of the studied systems. The R values 

were found to be similar at both 

temperatures, indicating that the effect 

of temperature on this property was 

negligible. 
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