NAME:

1. For each of the following closed systems, mark which conditions are true, which are not
necessarily true, and which cannot be true.

a. (5 pts) Ice in equilibrium with water-

K[H,0(s)] = u[H,0(1)] /' not necessarily true / cannot be true (4 f;)

b. (10 pts) Solid sucrose in the process of dissolving into an aqueous sucrose solution that is
currently 50% saturated:

p[sucmsc{s]]};.a[sucm&:(aq}] @a’ not necessarily true / cannot be true |+~

#[H,O(pure lig.)] = u[H,O(sucrose sol.)] true / not necessarily true f@,-r

c. (10 pts) Ice in equilibrium with an aqueous solution of sucrose:

ﬁ[sucmsc{ic:e}}=p[sucms.e{aq}] :" not necessarily true / cannot be true
[sucrose] [ice}:[sucr-:}sc]{aq} true f@@f cannot be true | < -
(here [...] denotes concentration)



2. Suppose a gas containing CO; at a mole fraction of 0.01 is in equilibrium with liquid water at
25 °C. Henry's constant for COy: k(COz, 25 °C) = 1.6 x 10" atm

a. (10 pts) Calculate the equilibrium mole fraction of CO; dissolved in the water at latm.
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b. (10 pts) What is the molarity of CO; in the water at equilibrium with this gas at 10 atm
pressure?

g_)‘E O et Pwmi .\ = X:tkuL

L s Ko s £.3-107
/ Vi 1T ﬁuls 5 T% }’?‘ﬂfi‘« 7&._,774?:-:
7:—;:. t?‘)‘ Vo les /fo‘-r_r

lfdﬁsum?_ Xﬂ‘l cumele WW{}M&J_‘ J. poles RO = I\,,@ 61{‘.5)

L=y

Frowa c:"'-:ik o "ﬁmmﬂt ]0& e 2 83L& yre le f.-";-l,‘:‘/_..f_

[Co, ] = 6.3-1077 | 556 2 3.5-10




3. A cell membrane at 37 °C is found to be permeable to Ca® but not to anions, and analysis
shows the inside concentration to be 70 mM and the outside concentration to be § mM in
Ca*™,

(25 pts) What potential difference muist exist across the membrane for Ca® to be i i equilibrium
at the stated conditions? You may assume activity coefficients are equal to 1 and YOou must give
the sign of the potential inside with respect to that outside.
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4. A glass tube is filled with water except for a small drop of liquid that is immiscible with
water. This liquid allows passage of water, but not ions (it is a semipermeable barrier).
Iniually, the left side of the tube is filled with 100 ml of pure water and the right side is filled
with 100 ml of 100 mM NaCl.

a. (10 pts) If the droplet is fixed in place, sketch the equilibrium state of the system.
(initial state) (equilibrium state)
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b. (10 pts) Sketch the equilibrium state of this system if the drop is free to move (assume
the drop, pure water, and 100 mM NaCl all have the same density).
(initial state) (equilbrium state)

Pure water “ 100 mM NaCl
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c. (10 pts) What pressure difference between the two sides would be necessary for the initial
state to be at equilibrium? Which side must be under higher pressure?
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5. (Extra Credir) Consider two lipid membranes which have surface charge densities of o, and
0y, respectively. In class, we derived the following useful approximations:

oL 10
D Lp=—nm
£, NI
@, = surface potential of the membrane (¢, is different for the 2 membranes)
€, = dielectric constant of the water (this is positive constant: you don’t need its numerical value)

I =ionic strength (e.g. [NaCl}) in units of mM

9o(0) =

A membrane protein binds a positively charged ligand:
P+L* € K, 9 PL” AG = AG® + RTInQ + 2F¢,

a. (5 pts) You measure the equilibrium binding constant of this ligand to the same protein in
each of the two different membranes and find that the measured K., is larger in
membrane 2 than in membrane 1. What can you deduce about the relation of o, and ,?

(Hint: this does not require the answer to part b, but if you are stuck, try doing b first.)
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b. (5 pts) Wnite down an expression for K., in terms of AG® and ¢,
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¢. (5 pts) Will increasing the ionic strength in solution make the measured K., values in the
two membranes more similar or more different? (please explain briefly)
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