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we prefer, we can put our mixture in a centrifuge, where the centrifugal "force" mg' 
is again proportional to the particle mass, although g' can be much greater than the 
ordinary acceleration of gravity.) 

The net force propelling the particle downward is less than mg, because for the 
particle to go down, an equal volume ofwater must move up. Gravity pulls on the water, 
too, witha force (Vpm)g, where Pm is the mass densityofwater and V the volumeofthe 
particle. Let z denote the particle's height. Thus, when the particle moves downward 
a distance It.zI, displacing an equal volume of water up a distance It.zl, the total 
change in gravitational potential energy is t.U = (mg)t.z - (VPmg)t.z. The net 

vfall	 force driving sedimentation is then the derivative f = -dU/dz = -(m - VPm)g, 
iame which we'll abbreviate as -mnetg. All we have done so far is to derive Archimedes' 
lious principle: The net weight of an object under water gets reduced by a buoyant force 
nuch equal to the weight of the water displaced by the object. 
nuch vVhat happens after we let a suspension settle for a very long time? Won't all 
verse the particles just fall to the bottom? Pebbles would, but colloidal particles smaller 
laws. than a certain size won't, for the same reason that the air in the room around you 
ecret	 doesn't: Thermal agitation creates an equilibrium distribution in which some par­

ticles are constantly off the bottom. To make this idea precise, consider a test tube 
filled to a height h with a suspension. In equilibrium, the profile of particle density Ipter 
c(z) has stopped changing, so we can apply the argument that led to the Nernst relation erful 
(Equation 4.26 on page 141), replacing the electrostatic force by the net gravitational iping 
force = mnetg. Thus the density of particles in equilibrium ise the 

(sedimentation equilibrium, Earth's gravity) (5.1 ) 
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Here are some typical numbers. Myoglobin is a globular protein, with molar 
nates 

mass m ::::: 17 000 g mole-I. The buoyant correction typically reduces m to mnet ::::: 
lered 

0.25m. Defining the scale height as z. == kB T;./(mnetg) ::::: 59 m, we expect c(z) ex
help 

e- z/ z,. Thus, in a 4 em test tube, in equilibrium, the concentration at the top equals 
nent. 

c(0)e-O.04m/59m, or 99.9% as great as at the bottom. In other words, the suspension 
never settles out. In that case, we call it an equilibrium colloidal suspension, or just a 
colloid. Macromolecules like DNA or soluble proteins form colloidal suspensions in 

iffer­
water; another example is Robert Brown's pollen grains in water. On the other hand, if 
mnet is big (as it would be for sand grains), then the density at the top will be essentially 
zero: The suspension settles. How big is "big"? Looking at Equation 5.1 shows that, 
for settling to occur, the gravitational potential energy difference mnetg h between the 
top and bottom must be bigger than the thermal energy. 
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Here is another example. Suppose that the container is a carton of milk, with 
h = 25 em. We idealize homogenized milk as a suspension of fat droplets 
(spheres of diameter up to about a micrometer) in water. The Handbook of 
Chemistry and Physics lists the mass density ofbutterfat as Pm,fat = 0.91 g cm- 3 

(the density of water is I g cm-3 ). Find c(h)/ c(O) in equilibrium. Is homoge­
nized milk an equilibrium colloidal suspension? 


