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1. For each of the following systems, mark which of the choices make the statements true.
Or, if it is not possible to determine, choose "can't determine”.

N

a. (5 pts) 1:1 solution of benzene and toluene in equilibrium with its vapor.

plbenzene(vap)] ? ultoluene(vap)] >/ =/< /

b. (5 pts) O, at surface of Earth and O,, 100 m above surface, in equilibrium:

#1O,(g), surface] 7 u[O,(g), 100m] > / @ < / can't determine

c. (5pts) A solution of benzene with a small amount of dissolved solute.

ulpure benzene] ? u[benzene + solute] @/ = / < / can't determine
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d. (5 pts) Liquid water in equilibrium with air containing water vapor.

plwater(l)] ? p[water(vap)] > /@ < / can't determine

e. (5pts) Liquid water in the process of condensing (not equilibrium) from cool air to form
dew.

plwater(l)] ? pf[water(vap)] >/ =/ @ can't determine
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2. The containers pictured below are connected by a semipermeable membrane, which allows
water to pass freely but blocks transport of sucrose. The tube diameters are 1 cm, their area
is 1(0.5)* cm?, the height difference between liquid levels on each side is # (marked with the
arrow), the density of both liquids is ~1 g/ml, and the total volume of the containers is large.

Pure water 1M Sucrose

a. (5 pts) What is the pressure difference across the semipermeable membrane at
equilibrium‘?
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b. (5 pts) What height diﬁ‘erence (h) between the liquid levels will result at equilibrium?
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c. (15 pts) What is the maximum amount of work (per liter) that can be extracted from the
process of pure water and 1M sucrose, initially at equal pressure, coming to equilibrium

in the configuration pictured above.
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3. You may find the following approximations useful:

¢0~(0')=9;l112 Lp zﬁ”m
£, N
¢, = surface potential
L, = Debye length
€, = dielectric constant of the water (this is a positive constant; you don’t need its numerical value)
I =ionic strength (e.g. [NaCl]) in units of mM
0 = surface charge density in units of charge per area

A membrane protein (in a membrane) binds a negatively charged, soluble ligand (L*):

P+L* € K, = PL* AG = AG® + RTInQ - 2F¢,

0 < 0 so|¢ < 0)f how will changing the ionic strength affect K.,? Justify your answer

a. 10 jtsf jou measure K., for this reaction in negatively charged membranes (e.g.
quantitatively with appropriate equations

Ny 2.F §,
Af =0 > Keq= e T, e T

Problem continues on next page ...
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3. (continued) Suppose you discover a mutant ligand that binds with the same AG® but
exists as a heterodimer (LX), which is net neutral: P + (LX) = P(LX)

“

b. (7.5 pts) Write an expression for AG of this reaction.

A6 =AG +RT In @

c. (7.5 pts) Under what conditions, if any, would you expect the equilibrium
binding constant of the mutant ligand, K, (mutant), to be the same as K., for the regular
ligand? (Explain with appropriate equations)
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4. Consider a lipid vesicle, which consists of a spherical lipid membrane enclosing a volume of
solution as pictured below. The electrostatic potential outside the vesicle, ®,, differs from
the electrostatic potential inside, ®,.

@,

a. (5 pts) Suppose an ion channel in this vesicle's membrane allows Na* ions to pass freely.
Using the Boltzmann equation, write an expression that relates the concentration of Na*
ions inside and outside the vesicle at equilibrium.

Mot = [Nat], ¢ & V= &-4,

b. (10 pts) Derive the expression you gave in part (a) from chemical potentials. Hint: all
you need to do is write down the correct chemical potentials, apply the appropriate
equilibrium condition, and with a couple algebraic steps you will have it.
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¢. (10 pts) Suppose the membrane surface has a negative surface potential of &b, =-75 mV
(e.g.® at membrane surface = ®, - 75 mV for the outer surface and for the inner surface
.. ). Under what circumstances would this surface potential effect [Na'] inside the

vesicle? Hint: Equations given in problem 3 are useful and use equations to justify your
answer.
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