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Abstract 

The Density, Viscosity and Excess Viscosity 

of Benzene + Acetone, Nitrobenzene + Benzene and 

Nitrobenzene + Acetone liquid mixtures are 

calculated at 23 degrees centigrade.  The Mole 

Fraction versus Viscosity curves and Mole Fraction 

versus Excess Viscosity graphs for the three liquid 

mixtures drawn.  From which interaction between 

the molecules is observed.  

 

I. INTRODUCTION 

 Viscosity is an important 

thermodynamic property of a fluid.  Ostwald Glass 

Capillary Viscometer [ 1 – 20 ]  is used to determine 

viscosity of some pure liquids and their liquid 

mixtures.  Flow time measured automatically using 

microcontroller embedded system.  The accuracy 

obtained in this instrument is up to milli seconds. 

Densities of pure liquids and liquid mixtures are 

determined using pycnometer.  Before doing 

experiment the following precautions must be taken. 

1. Bottles cleaned thoroughly with deionized water 

and dried with acetone.  Different solutions of 

known concentration were prepared and 

weighing the sample in MH – Series Pocket 

Scale machine with accuracy 0.01g. 

2. while measuring viscosity for each and every 

time 3 - 5 readings are taken and  average of all 

these values are taken. 

3. By taking the liquid into the viscometer, is 

placed in A. C. more than half an hour to get 

equilibrium state of temperature. 

4.  Thermistor is used to measure temperature of 

the experimental liquid. Thermistor is very 

sensitive to temperature changes, so temperature 

maintained constantly, the accuracy for 

measuring the temperature is ±0.5 %. 

5. In viscometer fixed volume of liquid is taken 

every time. 

II.  RESULTS – DENSITY, VISCOSITY AND 

EXCESS VISCOSITY 

 At 23℃ Density and Flow Time of 

some pure liquids and liquid mixture are determined.   

 

By using flow time,  Viscosity for pure liquids and 

liquid mixtures are calculated by using the relation [ 

21 ]. 

η   =   ρ B t    -------( 1 ) 

          Where  ρ is the density of liquid  

          B is the viscometer constant and  

 t  is the flow time   

  The viscometer constant at 23℃ is calculated as  

0.0064232. 

 The Densities and Viscosities of 

liquid mixtures Benzene  +  Acetone,  Nitrobenzene  

+  Benzene and Nitrobenzene  +  Acetone are 

calculated.  These values of liquid mixtures are 

given in Table 1, Table  2 and Table 3 respectively.  

The Mole fraction versus Viscosity graphs for the 

liquid mixtures, Benzene  +  Acetone, Nitrobenzene  

+  Benzene and Nitrobenzene  +  Acetone are drawn 

in Fig.  1, Fig . 2 and  Fig .  3 respectively. 

      The Excess Viscosity of liquid mixtures are 

calculated using the formula [ 22 ]. 

ηE    =   η  –  η 1   X  1    –    η  2  X  2-------  ( 2 ) 

         Where   η  is the viscosity of the mixture 

 η1  is the viscosity of the solvent 

 X1  is the mole fraction of the 

solvent 

 η2  is the viscosity of the solute 

           X 2  is the mole fraction of the 

solute 

 The Excess Viscosity for the three  

liquid mixtures are  find out.  Mole fraction versus 

Excess Viscosity graphs for the Benzene  +  

Acetone, Nitrobenzene  +  Benzene and 

Nitrobenzene  +  Acetone liquid mixtures are shown 

in Fig .  4 , Fig .  5  and Fig .  6  respectively. 
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TABLE 1 

BENZENE  +  ACETONE SYSTEM 

 

S.No. 

Concentrate of 

solute ( mole ) 

Density 

( 103  Kg m-3 ) 

Viscosity 

( 10-3 Nsm-2 ) 

Excess Viscosity  ( 

10-3 Nsm-2 ) 

Benzene 0.0000 0.93100 0.62969 0.0000 

1 0.1142 0.93590 0.51621 -0.0247 

2 0.2206 0.93041 0.48602 -0.o287 

3 0.3198 0.92747 0.48749 -0.0302 

4 0.4203 0.92649 0.47195 -0.0346 

5 0.5104 0.91669 0.41639 -0.0391 

6 0.5952 0.91356 0.39125 -0.0431 

7 0.6871 0.90964 0.37187 -0.0340 

8 0.7683 0.90513 0.35240 -0.0264 

9 0.8461 0.90043 0.33304 -0.0217 

10 0.9280 0.89415 0.31912 -0.0064 

Acetone 1.0000 0.89298 0.31097 0.0000 
 

TABLE  2 

NITROBENZENE  +  BENZENE 

 

S.No. 

Concentrate of 

solute ( mole ) 

Density 

( 103  Kg m-3 ) 

Viscosity 

( 10-3 Nsm-2 ) 

Excess Viscosity  ( 

10-3 Nsm-2 ) 

Nitrobenzene 0.0000 1.09996 1.41530 0.0000 

1 0.1166 1.08643 1.24313 -0.0792 

2 0.2265 1.07522 1.12332 -0.1114 

3 0.3305 1.06762 1.06227 -0.1497 

4 0.4288 1.04782 0.96097 -0.1627 

5 0.5219 1.02744 0.81329 -0.1862 

6 0.6104 1.00529 0.79802 -0.1310 

7 0.6944 0.99627 0.73914 -0.1230 

8 0.7743 0.98157 0.68249 -0.1159 

9 0.8505 0.96765 0.60908 -0.1087 

10 0.9302 0.94943 0.57912 -0.0951 

Benzene 1.0000 0.93100 0.61875 0.0000 
 

TABLE  3 

NITROBENZENE  +  ACETONE 

 

S.No. 

Concentrate of 

solute ( mole ) 

Density 

( 103  Kg m-3 ) 

Viscosity 

( 10-3 Nsm-2 ) 

Excess Viscosity  ( 

10-3 Nsm-2 ) 

Nitrobenzene 0.0000 1.09996 1.41530 0.0000 

1 0.1468 1.08437 1.18231 -0.3365 

2 0.2742 1.06781 1.00471 -0.3383 

3 0.3890 1.04998 0.87211 -0.3399 

4 0.4919 1.03469 0.76765 -0.3906 

5 0.5848 1.01862 0.71063 -0.3948 

6 0.6689 0.98020 0.76751 -0.4002 

7 0.7456 0.96844 0.58653 -0.4392 

8 0.8157 0.94805 0.43474 -0.5213 

9 0.8800 0.92924 0.43415 -0.5544 

10 0.9451 0.91317 0.34170 -0.5798 

Acetone 1.0000 0.89298 0.30905 0.0000 
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Fig.  1  benzene  +  acetone - mole fractiion versus viscositycurve 

 

 

Fig.  2  nitrobenzene  +  benzene- mole fraction versus viscosity  curve 
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Fig. 3  nitrobenzene  +  acetone – mole fraction versus viscosity curve 

 

 

Fig. 4  benzene  +  acetone - mole fraction versus excess viscosity curve 
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Fig.  5  nitrobenzene  +  benzene - mole fraction versus excess viscosity curve 

 

 

Fig.6  Nitrobenzene  +  Acetone - Mole Fraction Excess Viscosity Curve 
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carefully repeated the experiment and same result 

is noted. 

B. MOLE FRACTION VERSUS EXCESS 

VISCOSITY CURVES 

 The Mole Fraction versus Excess 

Viscosity curves for the liquid mixtures  Benzene  

+  Acetone,  Benzene  +  Nitrobenzene  and  

Nitrobenzene  +  Acetone are  obtained  in negative  

direction.  For negative deviation  the dispersive 

forces are primarily responsible for interaction          

[ 23, 24, 25 ].  This indicates that the components 

are interact more strongly.  The large negative 

deviation explains that  Excess Viscosity is also 

changes more.  This indicates that there is a strong 

interaction between solute – solute  dipolar 

interactions in addition to the solute – solvent  and 

solvent  –  solvent  interactions.  
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