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19.3: Why Are Micelles Uniform in Size?
Micelles are formed by amphiphiles that want to bury hydrophobic chains and expose charged head groups to water. Since a cavity
must be formed for the micelle, the resulting surface tension of the cavity (the hydrophobic effect) results in the system trying to
minimize its surface area, and thereby the number of molecules in the micelle. At the same time, the electrostatic repulsion between
headgroups results in driving force to increase the surface area per headgroup. These competing effects result in an optimal micelle
size.

We start by defining the chemical potential Δμ , which is the free energy per mole of amphiphilic molecule A to assemble a micelle
with n molecules. Instead of using n, we will try to express the size of the micelle in terms of its surface area a and assume that it is
spherical. Then, the free energy for forming a cavity for the micelle grows as γa, where γ is the surface tension. The surface area is
expressed as an average surface area spanned by the charged headgroup of a monomer unit:

The repulsion term is hard to predict and depends on many variables. There are the electrostatic
repulsions between head groups, but there is also the entropic penalty for forming the micelle that
depends on size. As an approximation, we anticipate that the free energy should be inversely
proportional to surface area. Then the free energy for forming a micelle with n molecules is

where x is a constant.

Solving for Δμ=∂ΔG/∂n, differentiating it with respect to a , and setting to zero, we find the optimal micelle size, a , is

Solving for x and substituting in eq. (4), we obtain the chemical potential as:

It has a parabolic shape with a minimum at a .

Next, we can obtain the probability distribution for the micelle size as a function of head group surface area and aggregation
number
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The relative populations of micelles are distributed in a Gaussian distribution about a . The distribution of sizes has a standard
deviation (or polydispersity) given by

From a = 4πr  = na , we predict that the breadth of the micelle size distribution will scale linearly in the micelle radius, and as the
square root of temperature and molecule number.
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