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Phase rule  

Phase rule 

Phase rule is mathematically stated as follows, 

 F = C – P + 2 

 F - degree of freedom 

 C - number of components 

 P - number of phases 



Definition of terms in the phase rule 

• Phase 

• Components 

Degree of freedom 



Phase 

Any homogeneous physically distinct and mechanically separable 
portion of a system is known as phase 

Eg.  - Gaseous phases – Always form single phase 

 - Liquid phases – If miscible, they form one phases; if immiscible, they for 
more than one phases 

 - Solid phases – Every solid form a separate phase 

 - Decomposition of CaCO3 

 
This is a three phase system, which contains two solid phases (CaCO3(s) and 
CaO(s)) and a gaseous phase CO2(g) 





Components 

The smallest number of chemically independent constituents, by 
means of which the composition of each phase can be expressed in the 
form of chemical equation 

Eg. - Water system contains three phases; but the number of component is one 

 

 The chemical composition of all the three phases is H2O 

 - Decomposition of CaCO3 

 

 This is a three phase system, but number of component is two; 



Degree of Freedom 

The minimum number of independent variable factors such as 
temperature, pressure and concentration, which must be fixed in order 
to define the system completely. 

Eg. - Equilibrium between liquid water and water vapour; degree of freedom is 
one 

A system with F = 0 is known as nonvariant or having no degree of freedom. 

A system with F = 1 is known as monovariant or having one degree of freedom. 

A system with F = 2 is known as bivariant or having two degrees of freedom. 



Phase Diagram 

It is a graph plotted between any two degrees of freedom.  
P-T diagram 

 Temperature is plotted against pressure 

P-C diagram 

 Temperature is plotted against concentration 

P-C Diagram 

 Pressure is plotted against concentration 

 





Water system (One component system) 
Water exists in three different phases, 

 Solid - Ice 

 Liquid  

 Vapour 

Hence it can form three different 
equilibriums as follows 

 

 

 

The salient features of the phase 
diagram are, 

The Curves OA, OB, OC 

The Triple Point O 

The Areas AOC, AOB, BOC 



Water system (One component system)… 
Curve OA  

It is called vaporization curve. Along this curve, 
equilibrium exists between liquid water and its 
vapour 

 

Degree of freedom is, 
F = C – P + 2 
   = 1 – 2 + 2 = 1; The system is univariant. 
The variation of vapour pressure with 
temperature is given by Clausius-Clapeyron 
equation. 
 
 

Curve OB 
It is called sublimation curve. Along this curve, 
equilibrium exists between solid ice and its 
vapour 

Degree of freedom is, 
F = C – P + 2 
   = 1 – 2 + 2 = 1; The system is univariant. 
The variation of vapour pressure with 
temperature is given by Clausius-Clapeyron 
equation. 

 

Curve OC 
It is called melting point curve. Along this curve, 
equilibrium exists between solid ice and liquid 
water 

 

Degree of freedom is, 

F = C – P + 2 

   = 1 – 2 + 2 = 1; The system is univariant. 

The variation of vapour pressure with 
temperature is given by Clausius-Clapeyron 
equation. 
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Water system (One component system)… 
The Triple point ‘O’ 

The curves OA, OB and OC meet at the 
triple point ‘O’ where all the three phases 
liquid water/ice/vapour are in equilibrium. 
This occurs at 0.0076ºC and vapour 
pressure 4.58 mm Hg. Since there are three 
phases and one component, we have 

 F = C– P + 2 = 1 – 3 + 2 = 0 

i.e., the system at the triple point is 
nonvariant. Thus if either pressure or 
temperature is changed, the three phases 
would not exist and one of the phases 
would disappear. 

Areas AOC, AOB, BOC 
Areas AOC, AOB, BOC  represent conditions 
for the one-phase system water, water 
vapour, ice. Thus the degree of freedom is, 
 F = C – P + 2 = 1 – 1 + 2 = 2 

The system is bivariant. 

Metastable curve (OA’) 

 

 

 



Reduced phase rule or condensed phase rule  

The system in which only the solid and liquid phases are considered 
and the gas phase is ignored. This reduces the degree of freedom of 
the system by one. The phase rule equation is then written as, 

 F’ = C – P + 1  

This equation is called reduced phase rule or condensed phase rule.  



Lead-silver system (Two component system) 

This system has two components and four 
phases. The phases are, 

i. solid silver 

ii. solid lead 

iii. solution of molten silver 

iv. vapour 

The boiling points of silver and lead being 
considerably high, the vapour phase is 
practically absent. 

The salient features of the diagram are, 
Two curves, AC and BC 

Eutectic point, C 

Three areas : (i) above ACB; (ii) below AC; (iii) 
below BC 

 



Curve AC 

The Freezing point curve of Pb. Point A 
represents the melting point of solid 
lead (327 C). Along the curve, the 
melting point is lowered by addition of 
silver. The phases in equilibrium along 
AC are solid lead and solution.  

Applying the reduced phase rule 
equation  

 F' = C – P + 1 = 2 – 2 + 1 = 1 

Thus the system is monovariant. 

Lead-silver system (Two component system)… 
Curve BC 

The Freezing point curve of Ag. Point A 
represents the melting point of solid 
lead (961 C). Along the curve, the 
melting point is lowered by addition of 
lead. The phases in equilibrium along 
AC are solid silver and solution.  

Applying the reduced phase rule 
equation  

 F' = C – P + 1 = 2 – 2 + 1 = 1 

Thus the system is monovariant. 



Eutectic point C 

The curves AC and BC intersect at C, which 
is called the eutectic point. Here three 
phases solid Pb, solid Ag, and solution are 
in equilibrium.  

Applying the reduced phase rule equation  

 F' = C – P + 1 = 2 – 3 + 1 = 0 

Thus the system is nonvariant. 

At this point, temperature (303 C) and 
composition (2.6% Ag, 97.4% Pb) are 
fixed. 

Lead-silver system (Two component system)… 
Areas above AOC 

The Area above AOC represents the 
single phase system, the solution of 
molten Pb and Ag.  

Applying the reduced phase rule 
equation  

 F' = C – P + 1 = 2 – 1 + 1 = 2 

Thus the system is bivariant. 

The area below AC represents the 
phases Pb + solution, while that below 
BC the phases Ag + solution. The area 
below the temperature 303 C, 
represents solid Pb + solid Ag. All these 
areas have two phases and one degree 
of freedom, F' = C – P + 1 = 2 – 2 + 1 = 1 



KI-H2O system (Freezing mixture) 

It has four phases : (i) Solid KI ; (ii) 
Solution of KI in water ; (iii) Ice; and (iv) 
Vapour. Only two chemical constituents 
KI and H2O being necessary to depict 
the composition of all the four phases, it 
is a two-component system. 

Since the vapour phase is ignored, the 
system KI-H2O is considered as a 
condensed system. 

The salient features of the diagram are, 
a) The Curves AO and OB 

b) The Eutectic Point O 

c) The area above AOB and the areas 
below the curves AO and BO 



KI-H2O system (Freezing mixture)… 
The Curve AO 

The Freezing point curve of Water. The 
point A represents the freezing point of 
water or the melting point of ice (0ºC) 
under normal conditions. The curve AO 
shows that the melting point of ice falls 
by the addition of solid KI. As more and 
more of KI is added, the concentration 
of solution and the melting temperature 
changes along the curve AO. The phases 
in equilibrium along the curve AO are 
ice and solution. Applying the reduced 
phase rule equation to the condensed 
system ice/solution, we have 

 F' = 2 – 2 + 1 = 1 

Thus the system is monovariant. 

The Curve BO 

The Solubility curve of KI. At O, the 
solution is saturated with KI. Thus the 
curve BO depicts the effect of 
temperature on the concentration of 
saturated solution or the solubility of KI. 
The phases in equilibrium along the 
curve are solid KI and solution. Applying 
the reduced phase rule equation, we 
have 

 F' = 2 – 2 + 1 = 1 

Thus the system is monovariant. 



KI-H2O system (Freezing mixture)… 
The Eutectic point 

The lowest point attainable by the 
addition of KI along the curve OA is O. 
Here the solution becomes saturated 
with KI and the solid KI appears as the 
third phase. This point is termed the 
Eutectic Point or Cryohydric Point as one 
of the components in the system is 
water. Applying the reduced phase rule 
equation to the system ice/solid 
KI/solution at point O. 

 F' = 2 – 3 + 1 = 0 

Thus the system is nonvariant. 

That is, both the temperature (– 22ºC) 
and composition (52% KI + 48% ice) are 
fixed. 

The Area 

The Area above AOB. It represents the 
single phase system ‘solution’. Applying 
the phase rule equation, 

 F' = 2 – 1 + 1 = 2 

Thus the system is bivariant. 

The area below AO shows the existence 
of ice and solution, while the area 
below BO depicts the presence of solid 
KI and solution. Below the eutectic 
temperature line, there can exist ice and 
solid KI only. 



Cooling Produced by Freezing Mixtures 
KI-H2O is a typical eutectic system with a salt 
and water as components. Many other salts 
as sodium chloride, sodium nitrate, 
ammonium chloride and ammonium nitrate 
constitute eutectic systems with water and 
form similar phase diagrams. The facts 
contained in this diagram explain the theory 
of freezing mixtures which are obtained by 
mixing salt and ice. 

When we add a salt, common salt (NaCl) to 
melting ice, we follow along the curve AO. 
Thus the addition of salt to the system 
ice/water produces a continued lowering of 
temperature until the eutectic point O is 
reached. 

Thus the lowest temperature attained in this 
way will be the eutectic temperature             
(–22.0 C). Alternatively, we may start with a 
concentrated solution of the salt 
represented by point a’ on the phase 
diagram. As we withdraw heat by adding ice, 
we travel along the dashed line a’b’. At b’ 
which lies on the solubility curve BO, the 
solution becomes saturated with the salt. On 
further withdrawing heat, we go along with 
the curve BO until the eutectic point is 
reached. Thus the same minimum 
temperature can be attained with a freezing 
mixture, whether we add salt to ice or ice to 
salt solution. 



Completely miscible liquid systems 



Benzene and toluene system 
The mixture of benzene and toluene form a 
type-I solution. The boiling points of pure 
toluene and benzene are 110.6 C and 80.1 
C. 

Suppose a solution (x) of 60% toluene and 
40% benzene is heated, it boils at 95 C (T). 
At this temperature, the composition of 
vapour coming out is 38% toluene and 62% 
benzene (x1). The vapour is richer in 
benzene and residual liquid is richer in 
toluene. 

Now the residual mixture liquid requires 
higher temperature than 95 C for boiling. If 
heating is continued, the boiling point of 
residual liquid keeps on increases and 
reaches to a maximum 110.6 C. 



Benzene and toluene system… 

If vapour of x1 (38% toluene and 62% benzene) is condensed and 
heated again (redistilling), it boils at 90 C. It gives vapour composition 
x2 which is richer in benzene than before.  

When the process of condensing and redistilling (fractional distillation) 
is continued, the final distillate will have only benzene. 

 



Partially miscible liquid systems  
Four types observed, 

Miscibility increases with increase of temperature 

Miscibility increases with decrease of temperature 

Miscibility increases with increase and decrease of temperature 

Miscibility can’t be obtained by changing temperature 

Critical solution temperature 
The temperature at above/below which a pair of partially miscible liquids 
become completely miscible. 

Upper critical solution temperature 

Lower critical solution temperature 

(Small amount of impurity will produce large change in the CST value. 
1% NaCl will increase 12 C of phenol-water system) 



Phenol-water system 
Phenol and water are only partially miscible 
at ordinary temperature. On mixing them, 
two saturated solutions of different 
compositions are obtained. One is phenol in 
water and the other is water in phenol. These 
type of solutions are called as conjugate 
solutions. 

The solubility of phenol and water increases 
on increasing temperature. The  temperature 
68.1 C above which two solutions are 
completely miscible. The composition of the 
solution is 36.10 % of phenol. The 
temperature above which the two conjugate 
solutions miscible at all compositions is 
known as critical solution temperature. 

When temperature-composition falls within 
the curve ACB, the mixture contains two 
layers. 

If the point falls left of the curve AC or right 
of the curve CB, the mixture contains only 
one solution. Addition of phenol/water leads 
to separation into two layers. Other 
examples, methanol-cyclohexane, hexane-
aniline, carbon disulphide-methanol. 



Triethylamine-water system 

In trimethylamine-water system, 
the solubility increases with 
decrease of temperature. ie., This 
system has only lower critical 
solution temperature and it is at 
18.5 C. Above this temperature, 
the mixture contains two layers 
and below this temperature it has 
only one layer ie., completely 
miscible in all proportions. 
Examples, diethylamine-water, 1-
methylpiperidine-water 



Nicotine-water system  
In nicotine-water system, 
solubility increases with increase 
as well as decrease of 
temperature. It has upper and 
lower critical solution 
temperature. Between theses two 
temperature, this mixture is 
partially miscible. 

The upper critical solution 
temperature is 208 C and lower 
critical solution temperature is 60 
C. Examples, glycerine-m-
toluidine, water--picoline 
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