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Problem

Five grams of the specified pure solvent is placed in a variable volume piston. What is the

volume of the pure system when 50% and 75% have been evaporated at: (i) 30°C, (ii) 50°C?

Use the Antoine equation (Appendix E) to relate the saturation temperature and saturation

pressure. Use the ideal gas law to model the vapor phase. Show that the volume of the system

occupied by liquid is negligible compared to the volume occupied by vapor.

(a) Hexane (ρL = 0.66 g/cm3)

(b) Benzene (ρL = 0.88 g/cm3)

(c) Ethanol (ρL = 0.79 g/cm3)

(d) Water without using the steam tables (ρL = 1 g/cm3)

(e) Water using the steam tables

Step-by-step solution

Mass density of a substance is expressed as,

Here is density, is mass and is the volume of the substance.

Ideal gas law is expressed as,

Here is absolute pressure, is absolute temperature, is number of moles of the gas, is

the mass of the gas, is the universal gas constant, is the gas constant.

Number of moles  of a substance is calculated as,

Here is mass and is molecular weight.

Antoine equation is expressed as,

Here is the saturation pressure in mmHg, is in Celsius and  are constants.

Comment

(a)

For Hexane as a pure solvent,

The density of the Hexane in liquid phase is given as,

Calculate number of moles of hexane as,

Take molecular weight of Hexane as .

Substitute for and for and solve for number of moles,

Now to solve for volume  of the liquid available per mole, substitute  for  and

for in the expression of mass density and solve as,

Hence the volume of the liquid available per mole is .

Comment

At ,

From Antoine equation calculate pressure as,

Substitute  for constant ,  for constant ,  for constant , 

for and solve for  as,

Further solve,

Hence at hexane evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Further solve,

Hence final volume of hexane in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Hence final volume of hexane in pure system for  evaporation is .

Comment

At ,

Comment

From Antoine equation calculate pressure as,

Comment

Substitute  for constant ,  for constant ,  for constant , 

for and solve for  as,

Hence at  hexane evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of liquid per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of hexane in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of hexane in pure system for  evaporation is .

Comment

Hence, at both given temperatures the volume occupied by the liquid in the system is less than

1%. Also, the volumes are lower at the higher temperature, due to rapid increase in pressure

than expansion, due to temperature.

(b)

For Benzene as a pure solvent,

The density of the Benzene in liquid phase is given as,

Calculate number of moles of benzene as,

Take molecular weight of Benzene as .

Substitute for and for and solve for number of moles,

Now to solve for volume  of the liquid available per mole, substitute  for  and

for in the expression of mass density and solve as,

Hence the volume of the liquid available per mole is .

Comment

At ,

From Antoine equation calculate pressure as,

Substitute  for constant ,  for constant ,  for constant , 

for and solve for  as,

Hence at benzene evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of benzene in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of benzene in pure system for  evaporation is .

Comment

At ,

From Antoine equation calculate pressure as,

Substitute  for constant ,  for constant ,  for constant , 

for and solve for  as,

Hence at  benzene evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,
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Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of benzene in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of benzene in pure system for  evaporation is .

Comment

Hence, at both given temperatures the volume occupied by the liquid in the system is less than

1%. Also, the volumes are lower at the higher temperature, due to rapid increase in pressure

than expansion, due to temperature.

Comment

(c)

For Ethanol as a pure solvent,

The density of the Ethanol in liquid phase is given as,

Calculate number of moles of ethanol as,

Take molecular weight of ethanol as .

Substitute for and for and solve for number of moles,

Now to solve for volume  of the liquid available per mole, substitute  for  and

for in the expression of mass density and solve as,

Hence the volume of the liquid available per mole is .

Comment

At ,

From Antoine equation calculate pressure as,

Substitute  for constant ,  for constant ,  for constant ,

 for and solve for  as,

Hence at ethanol evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of ethanol in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of ethanol in pure system for  evaporation is .

Comment

At ,

From Antoine equation calculate pressure as,

Substitute  for constant ,  for constant ,  for constant ,

 for and solve for  as,

Hence at  ethanol evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of ethanol in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of ethanol in pure system for  evaporation is .

Comment

Hence, at both given temperatures the volume occupied by the liquid in the system is less than

1%. Also, the volumes are lower at the higher temperature, due to rapid increase in pressure

than expansion, due to temperature.

Comment

(d)

For water as a pure solvent,

The density of the water in liquid phase is given as,

Calculate number of moles of water as,

Take molecular weight of water as .

Substitute for and for and solve for number of moles,

Now to solve for volume  of the liquid available per mole, substitute  for  and

for in the expression of mass density and solve as,

Hence the volume of the liquid available per mole is .

Comment

At ,

From Antoine equation calculate pressure as,

Substitute  for constant ,  for constant ,  for constant , 

for and solve for  as,

Hence at water evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of water in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment
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Recommended solutions for you in Chapter 1

Was this solution helpful?

Hence final volume of water in pure system for  evaporation is .

Comment

At ,

From Antoine equation calculate pressure as,

Substitute  for constant ,  for constant ,  for constant , 

for and solve for  as,

Hence at  water evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of water in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of water in pure system for  evaporation is .

Comment

Hence, at both given temperatures the volume occupied by the liquid in the system is less than

1%. Also, the volumes are lower at the higher temperature, due to rapid increase in pressure

than expansion, due to temperature.

Comment

(e)

For water as a pure solvent, and using data from steam tables

The density of the water in liquid phase is given as,

Calculate number of moles of water as,

Take molecular weight of water as .

Substitute for and for and solve for number of moles,

Now to solve for volume  of the liquid available per mole, substitute  for  and

for in the expression of mass density and solve as,

Comment

Hence the volume of the liquid available per mole is .

Comment

At ,

From steam tables,

Hence at water evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve

for volume  of vapor per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of water in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of water in pure system for  evaporation is .

Comment

At ,

From steam tables,

Hence at  water evaporates at pressure of .

Now calculate the volume of the vapor as,

Substitute  for ,  for ,  for  and solve for

volume  of vapor per mole, that have been evaporated as,

Comment

Now since  of the available volume evaporates, therefore the final volume  of the pure

system is,

Comment

Comment

Hence final volume of water in pure system for  evaporation is .

Comment

Now since for second case  of the available volume evaporates, therefore the final volume

 of the pure system is,

Comment

Hence final volume of water in pure system for  evaporation is .

Comment

Hence, at both given temperatures the volume occupied by the liquid in the system is less than

1%. Also, the volumes are lower at the higher temperature, due to rapid increase in pressure

than expansion, due to temperature.

Comment
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