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Abstract 

 

Internal pressures of the ternary and sub-binary mixtures of Benzene (1) +Hexane (2) + n-Butanol (3) have been computed from ultrason-

ic velocity measurements at different mole fractions in the temperature range of 300C-450C. The present work has been carried out to 

study the variation of internal pressure with temperature and composition of polar binary mixtures. The equation proposed by Andiappan 

et.al, for evaluating internal pressures of binary liquid mixtures has been modified and extended in the present work for the Ternary sys-

tems. The internal pressures computed with the help of the modified relation shows close agreement with observed values. The absolute 

deviation between the calculated and observed values from 1.15% to 1.9% for the ternary system studied. 
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1. Introduction 

The concept of internal pressure provides an excellent basis for 

examining solution phenomena. The first review of the subject by 

Richards1 appeared (in solution phenomena) in 1925, but the full 

potential of internal pressure as a structural probe did not become 

apparent until Hildebrand’s2, 3 work a decade later. Extensive 

attempts have been made by a number of investigators4-6 to cal-

culate the internal pressure of liquids and liquid mixtures theoreti-

cally.  

Internal pressure, being a measure of cohesive forces acting in a 

liquid, is sensitive to change of temperature, concentration and 

external pressure. Ultrasonic measurements provide a very im-

portant and accurate method for determination of internal pressure 

of liquids and the effects of the change in composition and tem-

perature7-11. Internal pressure has been a subject of active interest 

during recent past and attempts have been made to show, the sig-

nificance of internal pressure. 

In an excellent article Dack12 reviewed the importance of solvent 

internal pressure and cohesion to solution phenomena. A review 

on the relationship between the intermolecular forces and proper-

ties was made by Kortum13; Barton14 discussed the relationship 

between internal pressure and molar volume in some depth. 

The present work has been carried out to study the variation of 

internal pressure with temperature and composition of binary and 

ternary liquid mixtures. The equation proposed by S.C.Srivastava 

and N.Berkowitz15 was used to compute internal pressure from 

the measurement of ultrasonic velocity, density and molecular 

weight. 

2. Materials and methods: 

The liquids were purified as and when required as per the proce-

dure recommended by Weissberger16. 

 

Analar grade benzene supplied by B.D.H. India and guaranteed. 

Reagent grade n-Hexane of Japan product was redistilled after 

drying with sodium. The fraction boiling at 80.10C and 68.70C 

respectively were collected and stored. Guaranteed reagent grade 

n-Butanol was treated with calcium chloride and distilled. The 

fraction distilling at 97.10C was collected. The physical constants 

of pure liquids are given in table-1. 

 
Table 1: The physical constants of pure liquids 

LIQUID 
DENSITY  BOILING POINT 

(Kgm-3) (°C) 

 

Expl. Lit. Expl. Lit. 

300C 250C 300C 250C 

n-HEXANE 0.6493 0.6548 68.7 68.7 
BENZENE 0.8675 0.8737 80.1 80.1 

n-BUTANOL  0.8022 0.8020  117.8  117.7  

 

Ultrasonic velocities of pure liquids and liquid mixtures in the 

temperature range of 300C to 450C were measured using an ultra-

sonic interferometer operating at 3MHz. 

The density was determined at the experimental temperature using 

10ml capacity specific gravity bottle immersed in a thermostatic 

bath (accuracy +0.010C). The volume of the bottle at the experi-

mental temperatures, viz. 300C-450C was ascertained using dou-

bly distilled water. The densities of water at these temperatures 

were obtained from literature. 

3. Theory and calculation: 

The internal pressure for pure liquids and mixtures at different 

temperatures were calculated using the equation (1) and (2) 

   
  

   
                                                                                       (1) 

 

Where 
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π i, U, D and M represent internal pressure, ultrasonic velocity, 

density and molecular weight of the pure component respectively. 

K was distinctly structure dependent constants. 

        
      

                   
                                                          (2) 

 

Where  

(πi)12,, U12, D12 and M12 represent internal pressure, ultrasonic 

velocity, density and molecular weight of the mixture respectively 

and x1, x2 are the molefractions of component 1 and 2. 

Suryanarayana and Kuppusamy17 derived an expression to account 

for the variation of internal pressure with concentration of the 

electrolyte which is of the form, internal pressure of  

                                                                                (3) 

 

Where  

π is the internal pressure of the solution, π0 is the internal pressure 

of the solvent, m is molality and A, B are constants which are 

temperature dependent because of in adequacies of expression (3). 

It is modified and given by Andiappan et.al. 18 in the form, 

Log π = x1logπ1+ x2logπ2- βx1x2                                                                            (4) 

 

Where x1 and π1 are the mole fraction and internal pressure of the 

component 1 and x2 and π2 are those of the component 2. The 

equation (4) containing only one constant β has been correlating 

the experimental data. 

In the present work, the extension of equation (4) for ternary sys-

tem is attempted and the equation is written in the modified form, 

Log π = x1logπ1 + x2logπ2 + x3logπ3 + x1x2(β12(x1-x2)) + 

x2x3(β23(x2-x3)) 

+ x3 x1 (β31(x3-x1)) – C(x1x2x3)                                                     (5) 

 

Where 

β12 = binary interaction constant for 1, 2 component  

β23 = binary interaction constant for 2, 3 component  

β31 = binary interaction constant for 3, 1 component  

The constants β12, β23 and β31 are determined from equation (4) 

and the constant C from equation (5). Eqn (5) containing the 

above constants have been employed for correlating the experi-

mental data. 

4. Results and discussion: 

Table 2 & 3 summarizes the experimental determination of inter-

nal pressure values for Ternary as well as sub-binary systems. 

This is correlated through equations (4) and (5) in the temperature 

range 300C to 450C. The constants β and C have been determined 

through least square method at all temperatures. In both case, the 

binary and ternary interaction constants are not varied more when 

the temperature increase.  

5. Internal pressure in all binary systems: 

The absolute deviation between the experimental data and corre-

lated values for the binary system varies from 0.028% to 0.1%. 

The graphical method established the quantitative relations be-

tween internal pressure and temperature & internal pressure and 

concentration. 

Figure 1-3 shows a linear variation of internal pressure with Con-

centration of Alcohol in all various binary systems. Table (2) and 

(3) is evident that the internal pressure increase in concentration of 

alcohols, because at higher alcohol concentration hydrogen  

 
Fig. 1: Variation of Internal pressure with concentration in Benzene (1) + 

Hexane (2) at Various Temperature. 

 

 
Fig. 2: Variation of Internal pressure with concentration in n-Butanol (1) + 

Hexane (2) at Various Temperature. 

 

 
Fig. 3: Variation of Internal pressure with concentration in n-Butanol (1) + 

Benzene (2) at Various Temperature. 

 

Bonding becomes predominant, resulting in the increase of the 

internal pressure. This suggests the close packing of the molecules 

inside, which may be brought about by increasing magnitude of 

interactions19, 20. Similar results are also evidenced by Rao et.al. 

21 in o-Chlorophenol system. 

The variation of Internal pressure with Temperature in all Various 

Binary systems is showed in Table (2) and (3) and also shows the 

falling of internal pressure with increase of temperature is the 

important observation in all the cases studied, because the cohe-

sive forces between molecules becoming less with increase of 

temperature. Figure 4-6 shows a linear variation of internal pres-

sure with the reciprocal of temperature for liquid mixtures in the 

temperature range 300C to 450C. 
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Fig. 4: variation of internal pressure with temperature in Benzene (1) + 
Hexane (2). 

 

 
Fig. 5: variation of internal pressure with temperature in n-Butyl alcohol 

(1) + Hexane (2). 
 

 
Fig. 6: variation of internal pressure with temperature in n-Butyl alcohol 

(1) + Benzene (2). 

 

6. Internal pressure in ternary system: 

The absolute average deviation between the experimental and 

correlated values for the Ternary system varies from 1.5% to 

1.9%. In the ternary systems the deviation is greater when the 

alcohol concentration is high because of the domination of hydro-

gen bonding at higher alcohol concentration, resulting in the in-

crease of the deviation 

7. Conclusion  

From the present investigation, the absolute average deviation 

between the experimental data and correlated values for the Bi-

nary system and Ternary system varies from 0.028% to 1.9%, 

indicating the applicability of equation (4) and (5). A fairly good 

agreement has been found between experimental and theoretical 

values. 

The effects of the concentration of Alcohol as a solute and the 

temperature effects on hydrogen bonds in the system are clearly 

seen. The role of hydrogen bonds and the structure of alcohols in 

interactions are observed. Finally we conclude that there exists a 

weak molecular association between the component molecules in 

Ternary mixtures and also in Sub-binary mixtures. 
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