
Solid Solutions



Solid Solution
When two metals are mixed together they form an alloy if 
one metal is soluble in the other one in solid state. Therefore, 
an alloy is a solid solution of two or more metals.
Primarily there are two types of solid solutions -
Substitutional – Solute atoms occupy the regular lattice 
sites of the parent metal (solvent). Substitutional solid 
solutions can be random (Cu-Ni) or ordered (Cu-Au).              
Interstitial – Solute atoms occupy the interstitial positions 
(Steel – C solute atoms in Fe) .                        
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Hume-Rothery Rules
Formation of substitutional solid solutions between two metals 
is governed by a set of rules known as 

Hume-Rothery rules
Size difference between the atoms of solute and the parent 
metal should be less than 15%.
The electronegetivity difference between the metals should 
be small (minimum chemical affinity to each other). 
The solubility of a metal with higher valence in a solvent of 
lower valence is more compared to the reverse situation e.g. 
Zn is much more soluble in Cu than Cu in Zn.
For complete solubility over the entire range of compositions 
the crystal structures of the solute and the solvent must be the 
same.                       



Ordering in Solid solutions

As stated before substitutional solid solutions can be either 
ordered or random. This depends on a thermodynamic 
parameter called enthalpy of mixing, Hmix

Gmix = Hmix - T Smix

Gmix is the Gibbs free energy change and Smix entropy of 
mixing. For an ideal solution Hmix = 0.
If Hmix> 0, formation of like bonds (A-A or B-B) is preferred 
in a solid solution between metals A and B. This known as 
clustering.
If Hmix< 0, unlike bonds (A-B) are preferred. This leads to 
ordering which may exist over short range or long range (at 
lower temperatures). 



Intermediate Phases

As the name suggest intermediate structures formed 
between two metals are neither the parent metals nor like an 
alloy.
Intermetallic compounds
If two elements have high difference in electronegetivity, they 
tend to from a system called intermetallic compound. 
Intermetallic compounds like MgSe, PbSe, Mg2Si, Cu2S are 
cubic whereas NiAs, MnSe, CuSn are hexagonal.
Electron or Hume Rothery phases
These compounds have wide range of solubility and occur at 
certain values of valence electrons to atom ratio such as 3:2 
(CuZn), 21:13 (Cu5Zn8), 7:4 (CuZn3). 



Intermediate Phases

Laves phase
Laves phases have a general formula of AB2, for example 
MgCu2 (cubic), MgZn2 (hexagonal), MgNi2 (hexagonal) 
Sigma phase
Sigma phase has a very complex crystal structure and is very 
brittle. This phase can act as a source of embrittlement in 
some alloys such as steels.
Metal carbides and nitrides
Metals which have high chemical affinity for carbon and 
nitrogen form carbides and nitrides such as VC, NbC, VN, 
NbN, TiC, TiN. They can act as source of hardening in many 
alloys. 
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Quiz
1. What is a solid solution?
2. How many types of solid solutions are there? Give examples 
for each of them?
3. What are Hume-Rothery rules?
4. If two metals have very different electronegetavity will they 
form a solid solution?
5. How does valence of an element affect the solid solubility?
6. What is an ideal solution?
7. What is clustering?
8. What is ordering?
9. What is an intermetallic compound?
10. What is Hume-Rothery phase?
11. What is Laves phase?
12. What is sigma phase?
13. What kind of metals form carbides?



Quiz

14. The atomic radius of Cu is 0.128 nm and electronegativity 
is 1.8. What is the probability of lead, Pb (atomic radius 0.175 
nm, electronegativity 1.6) and zinc, Zn (atomic radius 0.133 
nm, electronegativity 1.7) forming solid  solution with copper?

15. Predict the relative degree of solid solubility of  the 
following elements in Fe (r = 0.124 nm, electronegativity 1.7).
Ni (atomic radius, r = 0.125 nm, electronegativity 1.8), Cr (r = 
0.125 nm, electronegativity 1.6), Ti (r = 0.147 nm, 
electronegativity 1.3)


