Chem 130A Final Exam. May 15, 2004 Write your name here:

Q1. (30 Points)

(A) (10 points) Consider a molecular system with three energy levels as given

below:

Level 2, Energy = 600
Level 1, Energy = 300

Level 0, Energy =0 ..

The units of energy are such that the Boltzmann constant, ks =1, and the
temperature is 300 K.
There are a total of 1000 molecules in the system. Calculate the number of
molecules in each level at equilibrium. Show each step of the calculation.
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Chem 130A Final Exam. May 15, 2004 Write your name here:

Question 1, continued. , T
(B) (10 points) Consider a molecular system A, a$ shown below, which is
converted to a molecular system, B. At equilibrium, at 300 K, the number
of atoms in each energy level are shown in the diagram.
Assume that kg = 1.0 LA
Calculate the Helmholtz free energy change for converting A to B. Will the
A-> B transformation be spontaneous?

N2=0 " Level 2, Energy = 1200
No=t  lLevel2 Energy =600 Ni=3 __ levelt, Energy =600
N1=118 Level 1, Energy = 200
N0=881 Leve! 0, Energy = 0 NO-9¢7 Level 0, Energy = 0

A B

The Helmholtz free energy change, AA = AE - T AS, where E is the energy, T is
the temperature and S is the entropy.
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Chem 130A Final Exam. May 15, 2004 Write your name here:

Question 1, continued.
(C) 10 points.

When a protein molecule folds up, the entropy of the protein chain is reduced
Nevertheless, we say that the folding of most protein molecules driven in part by
an increase in entropy. Provide a detailed explanatlon of why this is the case.
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Chem 130A Final Exam. May 15, 2004 Write your name here:

Q2. (30 points) A protein undergoes a folding/unfolding equilibrium as follows:

The equilibrium concentrations
temperatures are given below.

Ulunfolded) < F(folded)

of unfolded and folded protein at two different
The total protein concentration is2.0x 10° M.

ﬁemperature (K) Concentration of Concentration of folded
unfolded protein (M) protein (M)
300 51x10° 2.0x10°
350 28x10* 1.7x10°

(A) (10 points) Calculate AH°
these values are temperature independen

folding in this case?

. ' -3
&:i = 20x107",

and AS?° for the folding reaction, assuming that
t. Does entropy favor or oppose
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Chem 130A Final Exam. May 15, 2004 Write your name here:

Question 2, continued. |
(B)(10 points) The unfolding temperature of the protein-is defined as the

temperature at which the protein is half -unfolded. What is the unfolding
temperature of this protein?
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Question 2, continued.

(C) 10 points.

Consider an enzyme that speeds up the rate of U (unfolded) -> F (folded) by a
factor of 2.0 at 300 K. What would be the effect of this enzyme on the rate of

the reverse reaction: F(folded) -> U(unfolded)? Explain your answer.
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Chem 130A Final Exam. May 15, 2004 Write your name here:

Q3. (30 points)
Consider the simple Michaelis-Menten mechanism for an enzyme catalyzed
reaction: - 4

kl
E+S?E&—&eE+P

k, and k, are very fast.
k,=100s", Ky=1.0x 10* at 280 K
k,=200s", Ky=15x 10 at 300 K.
K., the Michaelis constant, is given by: K, = E%—Ifl
1
(A) (10 points) For [S] = 0.1 M and [E],, = 1.0 x 10° M, where [El. is the total

enzyme concentration, calculate the rate of formation of product at 280 K.
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(B) (10 points) What is the value of the activation energy for k,?

- |/ , 1
/ {/" ¢tk /ﬁ QUL ) WA .i?fz waAd O

/. v \

7 /N [/ / / \
A K2 - — -a A — ‘{
I e :7(_‘ ——— /

,4: ﬁ AV 7 75 ,,/r

’ N o A"
P ,f"/" 4 !

Pace 7 nf 20



Chem 130A Final Exam. May 15, 2004 Write your name here:

Question 3, continued.

(C) (10 points) Under conditions of steady state, ‘when the concentration of

ES is constant, derive a relationship between the initial velocity or rate of the
reaction, v, and the Michaelis constant, K.
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Chem 130A Final Exam. May 15, 2004 Write your name here:

Q4. (25 points) N,

Consider a fixed volume container that initially coftains 3.0-moles of xenon at
0.50 atm and 300K separated from 4.0 moles of argon at 3.0 atm and 300 K.
The barrier separating the gases is removed, while maintaining constant
temperature (illustrated below).
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(A) (10 points) Calculate the change in the entropy in going the intial to final
conditions that arises due to the change in pressure. Assume ideal gas
behavior, and show all steps of the calculation, and the units of your final

answer.
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Question 4. Continued. , .
(B) (10 points) What fraction of the total change in"entropy is due to the

entropy of mixing?
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| (C) (5 points) As ideal gases, the argon and xenon atoms do not attract each
other. Consider a situation where the argon atoms attract each other slightly, and
the xenon atoms attract each other slightly, but the argon and xenon atoms do
not attract each other. Would the entropy of mixing be smaller or greater for such
a situation than your answer in (B)? Explain your answer.
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Chem 130A Final Exam. May 15, 2004 Write your name here.

Q5. (25 points)

Consider a membrane-bound pump that couples ATP hydrolysis to the secretion
of H* out of the cell, operating under conditions where the concentration of H*
outside the cell is 0.18 M, the internal pH is 7 and the temperature is 300 K.

(A) (15 points) What is the change in free energy for the transport of 1 M of H*
from inside the cell to outside, under these conditions, when the membrane
potential is 0.06 V (inside negative)?
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Question 5, continued. : »

(B) (10 points) Consider the following redox reactions: .

NAD* + H* + 2" > NADH (E* = -0.32 V)

1/2 0, + 2H* + 2e" > H,0 (B = 0.816 V)

If we could couple the free energy released by these reactions to the proton

pump, how much NADH (in moles) would have to be oxidized by oxygen to
transport one mole of H* across the membrane?
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Q6. (35 points) Consider a chemical reaction in which the reactant, A, reacts to
form product, P. A plot of the reciprocal of the concentration of A versus time is a
straight line. When the initial concentration of A is 1.0 x 10? M, its half-life is
found to be 30 minutes.

(A) (10 points) What is the order of the reactlon? Explain the reasonlng behlnd
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(B) (5 points) Write a one line reaction scheme that is consistent with the kinetics.

At A= A-a 25 2 P

(C) (10 pomts) What is the value of the rate constant for your mechanism in part
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Question 6, continued.
(D) (10 points)

When the initial concentration of A is 5.0 x 10° M, what will be the half life of the

reaction?
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Q7. 25 points
Consider a binding equilibrium between a drug, D, and a receptor, R:

D+ R < DR

When the concentration of the drug is 10 M, the receptor is 33% saturated with
the drug.

(A) 10 points. Assuming that each receptor molecule binds one drug molecule,
what is the dissociation constant for the binding reaction?
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(B) 5 points. What are the units of the dissociation constant?
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Question 7. Continued. - .

(C) 10 points. By how much should the binding energy of the drug be increased
at 300 K so that the saturation of the receptor is at least 99% at the same -
concentration of the drug? ‘
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-END OF EXAM-
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