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Boiling point 
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The boiling point of a liquid is the temperature at which the liquid and vapor phases are in 

equilibrium with each other at a specified pressure. Therefore, the boiling point is the temperature at 

which the vapor pressure of the liquid is equal to the applied pressure on the liquid. The boiling point at a 

pressure of 1 atmosphere is called the normal boiling point. 

For a pure substance at a particular pressure P , the stable phase is the vapor phase at temperatures immediately 

above the boiling point and is the liquid phase at temperatures immediately below the boiling point. The 

liquid-vapor equilibrium line on the phase diagram of a pure substance gives the boiling point as a function of 

pressure. Alternatively, this line gives the vapor pressure of the liquid as a function of temperature. The vapor 

pressure of water is 1 atm (101.325 kilopascals) at 100 
◦C (212 

◦F), the normal boiling point of water. The vapor 

pressure of water is 3.2 kPa (0.031 atm) at 25 
◦C (77 

◦F), so the boiling point of water at 3.2 kPa is 25 
◦C. The 

liquid-vapor equilibrium line on the phase diagram of a pure substance begins at the triple point (where solid, 

liquid, and vapor coexist in equilibrium) and ends at the critical point, where the densities of the liquid and vapor 

phases have become equal. For pressures below the triple-point pressure or above the critical-point pressure, the 

boiling point is meaningless. Carbon dioxide has a triple-point pressure of 5.11 atm (518 kPa), so carbon dioxide 

has no normal boiling point. See also: TRIPLE POINT ; VAPOR PRESSURE . 

The normal boiling point is high for liquids with strong intermolecular attractions and low for liquids with weak 

intermolecular attractions. Helium has the lowest normal boiling point, 4.2 kelvin ( − 268.9 
◦C). Some other 

normal boiling points are 111.1 K ( − 162 
◦C) for CH , 4 , 450 

◦C (842 
◦F) for n -C , 30 H , 62 , 1465 

◦C (2669 
◦F) for NaCl, and 

5555 
◦C (10031 

◦F) for tungsten. 

The rate of change of the boiling-point absolute temperature T , b of a pure substance with pressure is given by the 

equation below. 

Unlabelled Image 

ΔH , vap , m is the molar enthalpy (heat) of vaporization, and ΔV , vap , m is the molar volume change on vaporization. 

https://www.accessscience.com


AccessScience from McGraw-Hill Education 
www.accessscience.com 

Page 2 of 2 
The quantity ΔH , vap , m ∕ T , b is ΔS , vap , m , the molar entropy of vaporization. The molar entropy of vaporization at the 

normal boiling point (nbp) is given approximately by Trouton’s rule: ΔS , vap , m , nbp ≈ 87 J ∕ mol K (21 cal ∕ mol K). 

Trouton’s rule fails for highly polar liquids (especially hydrogen-bonded liquids). It also fails for liquids boiling at 

very low or very high temperatures, because the molar volume of the vapor changes with temperature and the 

entropy of a gas depends on its volume. 

When a pure liquid is boiled at fixed pressure, the temperature remains constant until all the liquid has vaporized. 

When a solution is boiled at fixed pressure, the composition of the vapor usually differs from that of the liquid, 

and the change in liquid composition during boiling changes the boiling point. Thus the boiling process occurs 

over a range of temperatures for a solution. An exception is an azeotrope, which is a solution that boils entirely at 

a constant temperature because the vapor in equilibrium with the solution has the same composition as the 

solution. In fractional distillation, the variation of boiling point with composition is used to separate liquid 

mixtures into their components. See also: AZEOTROPIC MIXTURE ; DISTILLATION ; PHASE EQUILIBRIUM . 

Ira N. Levine 
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