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1. Problem 6.2 A new protein has been isolated by molecular biologists. Before they can measure its diffusion coefficient at 25oC, their instrument breaks and repairs will take six months? The researchers are in a panic because they need this information for a paper they are writing. The biologists do know that the molecule is spherical and has a radius of 12 nm. Before the instrument broke, they measured the diffusion coefficient of albumin (R = 3 nm and MW=68,000) as 6.8 x 10 -7 cm2 s-1. Calculate the diffusion coefficient of the new protein. Solution If the measurements for both molecules are assumed to occur at the same temperature and both can be treated as spheres, then the diffusion coefficients are related by:



Alternate Solution Boltzmann's constant = ka = 1.38 x 10-23 J/mol K. Frictional drag coefficient fo a sphere of radius R is Stokes Einstein equation:



Find the viscosity: Rearrange:



Find frictional drag of new protein



Now calculate diffusion coefficient:



.



 2. Problem 6.5 Consider steady one-dimensional diffusion through a funnel of varying cross section (Figure 6.28). Unlike a tube of a constant cross section, the concentration varies nonlinearly with distance. (a) Neglect chemical reactions and convection and derive the following material balance for steady onedimensional diffusion through a region of varying cross section (i.e., A=A(x)):



Integrate this equation and explain briefly what the result indicates. Solution The mass balance on the volume element according to the figure is: Divide through by the volume element and take the limit as Δx→0,



or



This result indicates that the total number of moles passing through any cross section is constant. Because the area changes with x, the flux decreases with increasing cross sectional area. (b) The radius varies linearly with distance along the funnel according to the formula



Use Fick's law, the result from part (a) of this problem, and Equation (6.12.2) to show that the steady state flux is



The boundary conditions are: x=0 at Ci= C0 and x=L at Ci= CL. Solution Fick's Law:



, and the result of part (a)



.



So,



where K1 is an integration constant. The cross sectional area = π(r(x))2 and



, so



 Integration of this expression gives,



Apply the boundary conditions to obtain,



 3. Problem 6.11 Beginning with Equation (6.8.101), derive a generalized quasi-steady-state relation for transport across a thin membrane when the volumes on the two sides of the membrane differ. Show that the result reduces to Equation (6.8.107) when V1=V2. Solution Equation 6.8.101: [moles of solute leaving side 1 per unit time]=[moles of solute transported across membrane] When the volumes are unequal, the mass balance on side 1 is:



In order to integrate this equation, we need to relate the concentration C 1 and C2. This can be done by noting that once the solute leaves side 1 it is either in the membrane or on side 2. Thus, the loss of solute from side 1 is balanced by the gain of solute on side 2.



If Vm


Using initial conditions C1=C0 and C2=0, Equation (3) can be integrated to give,



Substitute (4) into (1) leads to a differential equation in one variable:



This is a first order ordinary differential equation that can be solved with the use of an integrating factor. Using the initial condition C1=C0 and C2=0 yields:



This equation needs to be rearranged in order to be used practically for the estimation of the permeability



. After such a rearrangement, the analog of Equation (6.8.107) is:



This expression equals Equation (6.8.107) when V1=V2. Thus plotting the left hand side of Equation (7) versus time will yield a slope equal to
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