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POSSIBLY USEFUL INFORMATION:

R = 8.314 J/mol/K = 1.987 cal/mol/K = 0.082 L atm/K
ke = 1.38 x 102 J/K |
N, (Avagadro’s number) = 6.02 x 10*

properties of water: 7
ice liquid water water vapor

C, 2.1J/Kig 4.2 JIK/g 1.8 J/K/g

P

density of ice: 0.95 g/ml  of water 1.00 g/ml  of water vapor (at 1 atm) 8 x 10* g/ml

heat of melting of ice 333 J/g
heat of vaporization of water 2216 J/g



Problem 1.
Consider a systern comprised of two standard six sided dice, one red and one blue

(distinguishable).
a) When the two dice are rolled, what is the probability that the red one is a four?
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b) What is the probability that the red one is a four and the blue one is a three?

¢) What is the muiltiplicity of the result that the sum of the numbers on the two dice is seven?
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Problem 2.
A sugar like glucose can exist as a linear chain of atoms, or as a closed ring:
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Assume that there are three low energy rotamers (conformational states) for the carbon-carbon
bonds (ignore hydrogens) in the linear form, and the defined geometry shown for the closed form:
g) calulate the conformational entropy arising from bond rotations for the linear form (give a

numerical result per mole of glucose).
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b) estimate the contribution of conformational entropy o the reaction of the linear chain going to
the closed cyclic form. W B -

c) experimentally it is found that for glucose in solution only about 0.1% is in the linear form, is this
consistent what you would predict from the answer in b)? (discuss briefly)



Dycklera Q.
a) Name two amino acids which could form a salt bridge together that could stabilize a protein

structure at neutral pH and draw their structures as they would occur in a salt bridge:
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b) Consider two situations, one in which the two sidechains are near each other on the surface of
the protein, and a second in which they are the same distance apart in the interior of the protein.

In which case would the energy of interaction be more favorable — explain briefly.

c) If you could calculate the direct energy of interaction between the residues in the salt bridge
accurately, do you think this would be a good estimate for how much the salt bridge would
stabilize the folded state of the protein relative to the unfolded state? (explain succinctly)

Problem 4.
Prof. Wemmer did a demonstration in class with a ‘cold pack’ — in which cooling occurred due to

ammonium nitrate dissolving in water. He looked in a table and found that the AH value for this

reaction is +20 kJ/mol (the chemical process absorbs heat).

a) If the packet contained 250 ml of water and one mole of ammonium nitrate, starting at 25°C, -
what will the temperature of the cold pack be when the dissolution is complete? (assume the
ammonium nitrate does not affect properties of the water)
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b) What guantitative statement can be made about the entropy change for this reaction?



Froiein .
Consider a container with an ideal gas, and four different procedures that can be done.

In all cases the gas begins at 25°C and two atm of pressure.

(A) expand the gas adiabatically against a constant pressure of 1 atm.

(B) expand the gas isothermally and reversibly to a final pressure of 1 atm.

(C) expand the gas adiabatically through a frit (so no work is done) to a final pressure of 1 atm.
(D) expand the gas adiabatically and reversibly to a final pressure of 1 atm.

(note: circle all correct answers) |
a) Which process(es) will leave the gas at the lowest temperature (circle) A B C / @

gy

b) Which process(es) will leave the gas at the highest temperature (circle) A f@j ("5““ D

¢) Which two processes will have the same entropy change: 1> and
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Problem 6 ot
Data from scanning calorimetry experiments are S
shown for the protein lysozyme, measured E ao0
under a variety of different conditions to alter the T
melting temperature (horizontal axis) and the .. =2
enthalpy of melting (vertical axis). =
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a) Consider the circled data point. Under those conditions that gave rise to that datapoint write
out the equation for the protein stability as a function of temperature leaving temperature as the
only variable (i.e. put in the numerical values for all constants for this protein):
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b) Native lysozyme as used in these experiments has disulfide bonds between cystine residues in
the polypeptide. If a reducing agent was added that reduced these to cysteine (CB-S-S-Cf going
to 2 x CB-SH) what will be the effect on the stability of the protein? Explain qualitatively what
change you would expect in the protein stability equation above.
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