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5.3: Hydrophobic Collapse

Hydrophobic Collapse  

We see that hydrophobic particles in water will attempt to minimize their surface area with water by aggregating or phase
separating. This process, known as hydrophobic collapse, is considered to be the dominant effect driving the folding of globular
proteins.

Let’s calculate the free energy change for two oil droplets coalescing into one. The smaller droplets both have a radius R  and the
final droplet a radius of .

The total volume of oil is constant—only the surface area changes. If the total initial surface area is , and the final total surface
area is , then

which is always negative since  and  is positive.

This neglects the change in translational entropy due to two drops coalescing into one. Considering only the translational degrees of
freedom of the drops, this should be approximately . In other words, a small number compared to the
surface term.

We can readily generalize this to a chain of  beads, each of radius , which collapse toward a single sphere with the same total
volume. In this case, let’s consider how the free energy of the system varies with the number of beads that have coalesced.

Again the total volume is constant,  and the surface area changes. The initial surface area is  and

the final surface area is . Along the path, there is a drop of total surface area for each bead that
coalesces. Let’s consider one path, in which an individual bead coalesces with one growing drop. The total surface area once  of 

 particles have coalesced is
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 = (surface area of drop formed by  coalesced beads) + (total area of remaining  beads)

The free energy change for coalescing  beads is

This free energy is plotted as a function of the bead number at fixed volume. This is an energy landscape that illustrates that the
downhill direction of spontaneous change leads to a smaller number of beads. The driving force for the collapse of this chain can
be considered to be the decrease in free energy as a function of the number of beads in the chain:

This is not a real force expressed in Newtons, but we can think of it as a pseudo-force, with the bead number acting as a proxy for
the chain extension. If you want to extend a hydrophobic chain, you must do work against this. Written in terms of the extension of
the chain  (not the drop area )

Here we still have to figure out the relationship between extension and surface area, .

Alternatively, we can think of the collapse coordinate as the number of coalesced beads, .

Hydrophobic Collapse and Shape Fluctuations 

An alternate approach to thinking about this problem is in terms of the collapse of a prolate ellipsoid to a sphere as is seeks to
minimize its surface area. We take the ellipsoid to have a longradius  and a short radius . The area and volume are then:

Let’s plot the free energy of this ellipsoid as a function of . For ,  we find . Note
that at  the dimensions of the ellipsoid can fluctuate over many .
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