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Key Concepts

• For an ideal, binary solution the free energy of mixing can be written as:

Gmixed = XAµA +XBµB = XAµ
◦
A +XBµ

◦
B +RT (XA lnXA +XB lnXB)

• The change in free energy upon mixing is given by:

∆Gmixing = Gmixed −Gumixed = RT (XA lnXA +XB lnXB)

For an ideal solution, this free energy change will always be negative meaning that two ideal components
will always mix in all compositions.

• We can understand this mixing by considering the enthalpy and entropy of mixing. The entropy of
mixing is:

∆Smix = −
(
∂∆Gmix

∂T

)
= −R(XA lnXA +XB lnXB)

The entropy of mixing of two ideal components is always positive, which agree with the previous case
we considered for just ideal gases. The enthalpy of mixing can be found as well:

∆Gmix = ∆Hmix − T∆Smix

∆Hmix = 0

So for an ideal solution, the driving force for mixing is the entropy change and there is no enthalpy
change upon mixing. This makes sense when we take into account that for the ideal case we assumed
no chemical interactions.

• To understand the stability of phases in a binary system, we need to use the tangent construction
to determine the chemical potential of each component at a particular composition. We can do this
graphically as shown in class.

• To map out the sta bility of phase we need to consider how the free energy curves for the phases of
interest (for example solid and liquid) move relative to each other as we change temperature. The
phase(s) with the lowest free energy is(are) stable.

• For a generic ideal system of A & B we found the following different behaviors as we changed the
temperature:

1. Above the melting temperature of both components, the system will be in the liquid phase since
is has a lower free energy at all compositions.

2. At the melting temperature of B (Tm(B)) but above that of A (Tm(A)) we found that for pure
B we would expect solid and liquid to be in equilibrium (just like the unary case). However, in a
mixture of A and B we would still expect the system to be in the liquid phase (it has the lowest
free energy).

We did not get past this point, but I have included this material, which we will cover next time.

3. At a temperature between Tm(A) and Tm(B) we would expect three different behaviors. It is
easiest to think of these as we start from pure B and move towards pure A:



(a) As we start at pure B the system will be in the single-phase solid state.
(b) Once we reach the common tangent line between the solid and liquid free energy curve, the

system can actually lower it’s free energy by forming a two phase mixture of the solid and
liquid phase.

(c) This two phase region continues until the tangent point on the liquid free energy curve is
reached. Beyond this point, the system exists as a single phase liquid.

• If we put all of these curves together on a plot of temperature versus XB we can construct a map of
phase stability or a binary phase diagram that tells us what phases we would expect to be stable at
equilibrium.

• Ideal binary phase diagrams are often called lense diagram due to the shape of the two-phase region.


