
ONE-COMPONENT PHASE 
EQUILIBRIUM AND 

SURFACES



PHASE RULE

• A PHASE is a homogeneous portion of a system. A system may have several solid phases 
and several liquid phases but usually has at most one gas phase. 

• To describe the equilibrium state of a system with several phases and several chemical 
species, we can specify the mole numbers of each species in each phase and the 
temperature and pressure, T and P; as intensive variables (some are not independent var).

• The number of degrees of freedom (or the variance) f of an equilibrium system is defined 
as the number of independent intensive variables needed to specify its intensive state.

• We initially make two assumptions, which will later be eliminated: 

• (1) No chemical reactions occur and (2) Every chemical species is present in every phase.

• In the equation below, c = # of chemical species; p = # of phases; f = degrees of freedom



EXERCISE

Find f for a system consisting of solid sucrose in equilibrium 

with an aqueous solution of sucrose.

Sucrose (s) and Sucrose (aq) are identical chemical species. They 

just differ in their phases.



THE PHASE RULE IN SYSTEMS WITH REACTIONS

Each independent chemical reaction provides one relation between the chemical
potentials and can be used to eliminate one variable from T, P, and the mole fractions. If
the number of independent chemical reactions is r and the number of additional
restrictions a, then the number of independent intensive variables is reduced by r and a
the phase rule becomes:

By independent chemical reactions, we mean that no reaction can be written as a 
combination of the others. We can preserve the simple form for the phase rule by 
defining the number of independent components cind as: 



EXERCISE

For an aqueous solution of the weak acid HCN, write the 

reaction equilibrium conditions and find f and cind.



EXERCISE

Find f in a system consisting of CaCO3(s), CaO(s), and CO2(g), where all the CaO

and CO2 come from the reaction CaCO3(s) = CaO(s) + CO2(g).



PHASE DIAGRAM

We can represent any 
intensive state of a one-
component system by a 

point on a two-
dimensional P-versus-T 

diagram, where each point 
corresponds to a definite T 
and P. Such a diagram is a 

phase diagram.





Supercritical Fluid - A point where distinct liquid and gas 
phases do not exist

Superfluid - Superfluidity is the characteristic property of a 
fluid with zero viscosity which therefore flows without any 

loss of kinetic energy. When stirred, a superfluid forms 
vortices that continue to rotate indefinitely.



PHASE CHANGE AND THE ENERGY ASSOCIATED IN IT

A phase change at constant T 
and P is generally 

accompanied by an enthalpy 
change, often called the 

(latent) heat of the 
transition. (Certain special 
phase changes have ΔH=0) 

One has enthalpies or heats 
of fusion (solid → liquid), 
sublimation (solid →gas), 

vaporization (liquid →gas), 
and transition (solid →solid).



THE CLAPEYRON EQUATION

The Clapeyron equation (a.k.a. Clausius Clapeyron Equation gives the slope dP/dT of a two-
phase equilibrium line on a P-T phase diagram of a one-component system and it is derived
using this principle: For any point on the a-b equilibrium line. The molar Gibbs energies of one-
component phases in equilibrium are equal.



EXERCISES
The normal boiling point of ethanol is 78.3°C, and at this temperature ΔvapHm 38.9 

kJ/mol. To what value must P be reduced if we want to boil ethanol at 25.0°C in a 

vacuum distillation?





EXERCISES

Find the melting point of ice at 100 atm.





SOLID-SOLID PHASE TRANSITIONS

Many substances have more than one solid form. Each such form has a different 

crystal structure and is thermodynamically stable over certain ranges of T and P. 

This phenomenon is called polymorphism. Polymorphism in elements is called 

allotropy.

Part of the phase diagram for sulfur

Metastability – the lower the molar Gibbs 

value, the more stable the phase.

Another example of metastability besides 
orthorhombic sulfur is diamond.



OTHERS

Other examples are liquids cooled below their freezing points (supercooled
liquids) or heated above their boiling points (superheated liquids) and gases
cooled below their condensation temperatures (supersaturated vapors). One
can supercool water to -40°C and superheat it to 280°C at 1 atm.

A solid usually cannot be superheated above its melting point. Computer
simulations of solids indicate that the surface of a solid begins to melt below
the melting point to give a thin liquidlike surface film whose properties are
intermediate between those of the solid and those of the liquid, and whose
thickness increases as the melting point is approached.



CAPILLARY-RISE METHOD

The capillary rise method is a test conducted to determine the surface tension of 
a liquid or the contact angle of liquid with soil or pipe material. Capillary rise is 
the rise in a liquid above zero pressure level caused by net upward force that is 
produced by the attraction of water molecules to a solid surface.

At the right is the formula for 
calculating surface tension

Where; ρ – density 

g – gravity constant

r – radius 

h – height 



EXERCISES

For a water–air interface at 25°C and 1 atm, calculate the capillary rise in a glass capillary tube 

with inside diameter 0.200 mm. The surface tension of water at 25°C is 72.0 mN/m. The densities 

of air and water at 25°C and 1 atm are 0.001 g/cm3 and 0.997 g/cm3.



FOOD FOR THOUGHT: VACUUM DECAY

Some physicists have speculated that the universe might currently exist in a 
metastable high-energy false-vacuum state that is separated by an energy barrier 
from the lower energy true vacuum state. If this is so, there is a slight probability 
for the universe to spontaneously undergo a phase transition to the true vacuum 
state. The transition would start at a particular location and would propagate 
throughout the universe at nearly the speed of light.

“Vacuum decay is the ultimate ecological catastrophe . . . after vacuum decay . . . 
life as we know it [is] impossible” [S. Coleman and F. DeLuccia, Phys. Rev. D, 21, 3305 (1980)]



READING ASSIGNMENT

Chapter 7.9 – COLLOIDS

Write a brief review of the chapter using these parameters:

Introductory Paragraph

Function and Applications

Personal Conclusion/Recommendations



REFERENCES

• Physical Chemistry 6th Edition – Ira N. Levine

• chem.libretexts.org

• wikipedia.org

• khanacademy.org

Other chemistry websites that can be found using google search.

Most photos used in these presentation is downloaded from the internet or screenshotted from books, and 
other digital references. Those photos are neither owned nor claimed by the creator of this presentation. The 
creator honors the hard work and ideas of the principal authors from which the references came from and does 
not advocate plagiarism in anyway. 



THAT IS ALL FOR TODAY!

• Do you have any questions, clarifications or violent reactions?


