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Change in standard state:
Pure liquid component to the hypothetical 1 wt % component behaving as the component in the infinitely dilute solution

Why the 1 wt % standard state?

When the pure, liquid standard state is used for a component in solution, an equilibrium calculation seeking the behavior of that component will yield its activity ai.  To determine the mole fraction xi of that component, one must know the activity coefficient i.
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Once the mole fraction is found, the wt% of the component in solution may be calculated using the molecular weights.

A more direct way of finding the wt % i in the solution is to use the 1 wt % standard state for the component so that the equilibrium calculation results in an activity hi  that is related directly through a 1 wt % activity coefficient fi much like Eq. (1)



[image: image2.wmf](

)

i

wt%

f

h

i

i

=


(1)

Since the standard state is a solution that behaves as the infinitely dilute solution, the activity coefficient fi will approach unity as the component i becomes more dilute.  Therefore, the value of fi can be estimated as one with fairly small error providing the component i is dilute.  This makes the use of the 1 wt % standard state very convenient for computations involving dilute solutions where wt % is sought.

 How to determine the G0 for the change in the standard state.

The standard Gibb’s energy G0 for the reaction
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is needed.  This may be found by considering a volume of Fe melt shown in Fig. 1 in which there is a dilute component i.  An arbitrary choice may be made as to the standard state for the component.  On the left side the standard state will be chosen to be the pure, liquid component i.  On the right side the standard state will be chosen to be the 1 wt % i in liquid iron behaving as the infinitely dilute component i in liquid Fe.  

The choice of standard state does not affect the chemical potential of the component since that is a state function fixed by temperature, pressure, and concentration of the component all of which are the same on both sides.  Therefore, at equilibrium
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Substitution of the definition of activity into Eq (3) gives
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where the asterisk denotes the standard Gibb’s energy for the 1 wt % standard state and the ‘o’ denotes the Gibb’s energy for the pure, liquid standard state.
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Figure 1.  A liquid Fe melt containing the dilute dissolved component i.

Since G0 is simply
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Eq. (6) may be rearranged to yield
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This result shows that any convenient ratio of ai/h​i can be used to determine G0 so long as both ai and hi correspond to same concentration of i so as to satisfy the equilibrium condition.  The easiest pair to use is when hi is 1.  The ai is then
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This is normally approximated as
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Therefore,
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