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Eutectic microstructure of a
Nb (81.8%) – Si (18.2%)
(atom percent) alloy: niobium
(light phase) dispersed in
Nb3Si (grey phase).

High magnification view of the
eutectic microstructure in a
Nb (81.8%) – Si (18.2%) alloy
(Nb is the light phase, Nb3Si is
the dark phase).



Limited solid solubility



Phase Diagram For Two Almost Immiscible Solids

region of 
solubility 
of A in B

region of 
solubility 
of A in B

always 
some 
width

e.g. most solder is 50:50 Pb/Sn;
heat to solid/liquid region; get solid 

particles in slushy solder liquid



Phase Diagram If Two 
Components Form 3rd Compound

• Looks like two Eutectic Diagrams next to each other.

Two 
Eutectic 
Points

Compound Forms; 
called line 
compound

new compound 
melts 

congruently



Formation of a molecular 
compound (meta and p-cresol 
system)

Diagrams with two eutectic points



This phase diagram shows an
incongruent melting point.
The vertical line at point 5
represents formation of a
compound. It looks like the
composition of the compound
is XB = 2/3, from which we
conclude,

so that the compound is AB2. Point 5 is the melting point of AB2, but notice 
that melting AB2 does not give liquid of the same composition. Rather, melting 
of AB2 gives liquid with the composition at point 3 and pure B(s). So the 
compound, AB2 , melts and decomposes at the same time. An analysis of the 
points and regions is:

1 = liquid 2 = MP of A 3 = the peritectic point (we don't get a eutectic of 
AB2 and B) 4 = MP of B 5 = the incongruent melting point of AB2 6 = eutectic of 
A and AB2 7 = liquid + B(s) 8 = A(s) and liquid 9 = liquid and AB2(s) 10 = A(s) + 
AB2(s) 11 = AB2(s) + B(s)



what kind of experimental data it takes to determine the phase
diagram of a two-component system.
One such data set comes from cooling curves.
To make a cooling curve you start with liquid at some composition.
Then you allow it to cool slowly and measure the temperature as a
function of time. (You want it to cool slowly so that the system has
time to establish equilibrium at each temperature. This may be hard
to do because physical and chemical processes involving solids can be
very slow. Nevertheless, you would like to be as close to equilibrium
as you can be.)



On this cooling curve we have a break (change in slope) at the point
where A(s) begins to precipitate out. The system cools slower at
the break because A(s) is crystalizing (freezing) out and the heat
of fusion being released in this process must be dissipated in
addition to the heat removed in simply lowering the temperature.



The next cooling curve will be at the composition of the
eutectic. Nothing happens until we reach the melting
point of the eutectic, at which point the temperature
remains constant until all of the material has solidified



Solid solutions

• Due to isomorphous substitution of host 
molecules by molecules of impurities

• Similarity in size and shape between 
host and guest molecules essential for 
the formation of solid solutions

• Host molecules are usually replaced 
more easily by smaller than from larger 
molecules

• Solid solution continuous series when 
the structure of the components has 
identical space groups, the same number 
of molecules per unit cell and similar 
molecular packing



Three groups of phase diagrams

• Complete miscibility of the solid phase, 
termed as solid solution.  Besides 
practically ideal solid and liquid 
solutions, systems showing melting 
temperatures higher or lower than the 
highest or lowest melting temperatures 
of the pure compounds

• Limited miscibilities in the solid phase.  
Appearance of eutectic.  Impurities in 
general have a limited solubility, even 
when quite different in nature and 
shape from crystals.  Difficult to have 
purities > 99.999% in a single step. 



• Complete immiscibility in the solid 
phase.  Crystals of pure component A or 
pure component B are formed.

• More than 50% of relevant systems 
appear to be of the eutectic type

• A system is called eutectic in literature 
when no significant solid solubility has 
been measured in the past.

• Knowledge of the solid- liquid 
equilibrium essential for making 
preliminary estimate of the feasibility 
of crystallization.

• With a eutectic, purification of a 
compound A is possible when the feed 
contains a larger concentration of A 
than the eutectic composition



• High purity may be obtained in a single 
crystallization when no solid solution 
formation is encountered

• The purification potential of melt 
crystallization is usually indicated by 
the ratio of the impurity contents of 
thee crystal phase and the liquid phase.

• The ratio is called: Distribution 
Coefficient 



Solution thermodynamics.1

• Saturation is the state in which solution is in
equilibrium with solid solute.

• From the thermodynamics point of view
equilibrium is characterized by the equality
between the chemical potentials of the solute in
the solution and the solid.
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Electrolyte solutions

❖ In dilute solutions there are only hydrated 
ions (surrounded by an ionic cloud of 
oppositely charged ions)

❖ In more concentrated solutions ion pairs are 
forming, because of the interpenetration of 
the ionic spheres of the ions

❖ Ion pairs are dipoles with zero net charge
❖ Further increase of electrolyte concentration 

leads to the formation of additional species 
because of the interaction of ions (ion pairs)
and with the solvent molecules

❖ Increase of the electrolyte concentration 
decreases the dielectric constant of water 
and thus it affects the value of the activity 
coefficients



CuC2O4



Formation of hydroxo and other 
complexes



3.375x10-3M CuCl2



Cu : 1,173x10-2M   + (NH4)2C2O4



• Electrolytes not fully dissociated

 mean ionic coefficient taking into account 
dissociation

’ activity coefficient of non dissociated 
molecules

m: overall molality of the solution

Km equilibrium dissociation constant



Considering the solvent

• Osmotic coefficient

The relationship between osmotic coefficient of the 
solution and the activity coefficient of the dissolved 
substance, from the Gibbs-Duhem equation is



Temperature dependence of the activity coefficients

Differentiate wrt temperature: )ln( ,

0
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For the osmotic coefficient



The chemical potential is independent on concentration 
or activity scale selected

substitution

And assuming infinitely dilute 
solutions , i.e. 1



Activity and osmotic coefficients in 
supersaturated solutions

• These solutions are 
thermodynamically unstable, we have 
to rely on theoretical estimates

• Ionic strength: I=0.5cizi
2

• For a binary solution: I=0.5z+z- c

• For low ionic strength theoretical 
evaluations



Güntelberg equation

I≤0.1 M

Jones equation

I≤1 M



The Bromley Equation, 25C



Relationship between molal osmotic coefficent and solution 
ionic strength is according to Bromley:



Multicomponent systems

1. The Lietzke-Stoughton (LS) Method: For the calculation of 
activity coefficients of a compound in electrolyte mixtures 
containing a common ion (the system may be asymmetric as well 
e.g. BaCl2- NaCl

,i0: mean activity coefficent of the ith component of the mixture

 0
,i0, 0

,i0 : mean activity coefficent of the ith and jth components 
in a binary solution in which the ionic strength is equal to the ionic 
strength of the mixture and YJ=IJ/I where IJ is the ionic strength 
due to the presence of compound j and I the overall ionic strength 
of the medium.



The osmotic coefficient of the solution containing 
n electrolytes is: 

0
J the osmotic coefficient of the binary system 

containing the jth electrolyte whose ionic 
strength equals that of the mixture

mJ the molal concentration of the jth electrolyte 
in the mixture



2. The Reilly-Wood-Robinson 
Method

• Binary solutions for all possible 
combinations that may arise due to 
combinations of the ions present in the 
system and an ionic strength equal to 
that of the multicomponent system

• For concentrated solutions it is 
necessary to know the parameters 
describing interactions among the 
components within the solution

• For systems in which a component is 
present in trace concentrations 
relations are simplified



z: charges of 
the respective 
ions



2. The Reilly-Wood-Robinson 
Method

• Binary solutions for all possible 
combinations that may arise due to 
combinations of the ions present in the 
system and an ionic strength equal to 
that of the multicomponent system

• For concentrated solutions it is 
necessary to know the parameters 
describing interactions among the 
components within the solution

• For systems in which a component is 
present in trace concentrations 
relations are simplified



z: charges of 
the respective 
ions



3. The Bromley method

The activity coefficient of a compound M1X1 in a multicomponent 
system



z: charges of 
the respective 
ions



3. The Bromley method

The activity coefficient of a compound M1X1 in a multicomponent 
system





Κρυστάλλωση από τήγματα
Melt crystallization





Why melt crystallization??





Phase equilibria
• Complete solubility- solid solutions

• Partial solubility

• Formation of eutectic mixtures

• Completely immiscible components



Melting points of organic 
compounds





Eutectic mixture





Naphthalene-Benzene System

Cooling and evaporation










