050109  Quiz 1 Nanopowders
In a cloud, water droplets are in equilibrium with water vapor and have a size of 5 to 10 micron.  

1)  What defines this equilibrium between water molecules in a droplet and water molecules in the vapor.  How is this related to the equilibrium partial pressure of water in the atmosphere?

2)  When a cloud forms, warm air that is close to saturation in water vapor becomes supersaturated by cooling, for instance as it rises in the atmosphere.  Define the saturation, S, and the chemical potential difference between the supersaturated vapor and a water droplet.

3)  Write an expression for the free energy difference between a droplet of size r and a supersaturated vapor of saturation S in terms of n, S, T (also show how r relates to n, the number of water molecules in a droplet).  Sketch a plot of this free energy difference versus n.
4)  Show on the plot in question 3 the location of a critical nucleus of size n* and calculate the Kelvin equation (Gibbs-Thompson equation) for this critical nucleus.  Write equations for : a) n*, b) r*, c) S and d) G* = G(n*).

5)  From the Kelvin equation, under what conditions would you expect sub-micron size (small) water droplets to form?  Is there something that the Kelvin equation suggests you could do to the atmosphere to bring about smaller water droplets?

ANSWERS    050109  Quiz 1 Nanopowders

1)  These two phases of water in equilibrium have the same chemical potential for the water molecules.  This means that the removal or addition of a water molecule to a droplet or to the vapor involves the same change in Gibbs free energy.  The chemical potential is equal to kT ln(peq) where peq is the equilibrium partial pressure.  

2)  The chemical potential difference is equal to kT lnS where S is the ratio of the partial pressure of water in the air to the equilibrium partial pressure associated with the droplets of size r.  
3)  G = -n + A = -n + B n2/3  = -n + B n2/3 = -n kT lnS + B n2/3 
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