Chem 130A Second Mid-term Exam. March 19, 2003

Q1. (25 Points)
The interaction energy between neutral atoms can be described by the Lennard-
Jones potential, which is given by:
12 6
(9-) -(E) } and F is —dV/dr
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where V is the energy, F is the force, and r is the interatomic distance. Consider
atoms with ¢ = 1.23 kJ/mole and o = 3.82 A
- (a) Consider two atoms that are 3.5 A apart. Calculate the force on one of the
atoms, using the Lennard-Jones potential. (20 points)
(b) What condition must the force satisfy for the energy of the two atoms to be
at a minimum? (5 points)
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Chem 130A Second Mid-term Exam. March 19, 2003

Q 2. (25 points)

Consider a system of three identical and independent molecules, with energy
levels that have values 0,1,2,3, ...(arbitrary units of energy).

Consider two states of the system, A and B, shown below. States A and B have
equal energy (6 units). State A has one molecule in level 4 and two in level 1.
State B has 1 molecule each in levels 1, 2 and 3. The multiplicity, W, of each
state is given by N!'/ (n1! x n2! x n3! ...x nj! x....), where N is the total number of
molecules and nj is the number of molecules in state j.
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(A) Calculate the relative probability of observing the molecules in
configuration A over configuration B. (10 points)
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(B) What is the change in entropy in going from state A to state B (assume
ky=1). (5 points)
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Chem 130A Second Mid-term Exam. March 19, 2003

Q2, continued.

(C)Assume that the 3 molecules in the system have access to only the 5
energy levels shown above. When the total energy of all 3 molecules is

increased to the maximum possible value, explain whether the entropy
increases or decreases with respect to state B. (5 points)
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(D) Next, assume that the system has an infinite number of possible energy

levels of increasing energy. In this case, when the total energy of the 3
molecules is increased does the entropy always increase, or does it

sometimes increase and sometimes decrease? Explain your answer.
(5 points).
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Chem 130A Second Mid-term Exam. March 19, 2003

Q 3. (25 points)
Computer programs can easily minimize the energy of a molecule, such a protein.
These programs work by changing the conformation of the molecule so that the
potential energy of the molecule is at a minimum for such conformations.

(a) Explain why energy minimization fails to generate the properly folded and
stable structure of complex molecules, such as proteins, starting from the
unfolded structure (10 points).
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(b) How are molecular dynamics simulations different from energy minimization oaccmat,

calculations? Can such simulations be used today to generate the folded
structure of a protein? Explain your answer (10 points).
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Chem 130A Second Mid-term Exam. March 19, 2003

(c) Is quantum mechanics used in the caiculation of energies in computer
- programs used to simulate protein molecules? Explain yﬁtjr answer. (5 points)
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Q4. (25 points)

Consider a system with just two energy levels, 1 and 2. The system has 1

mole (6.0 x 10%) molecules distributed between these two energy levels,

E,and E,.
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p,=e " /Q, where p2 s the probability of finding a molecule in level 2.
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(a) Calculate the total energy of the system at equilibrium at a temperature of
T=800 K (state A) (15 points). -
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’

(c) Is quantum mechanics used in the calculation of energies in computer
programs used to simulate protein molecules? Explain your answer. (5 points)

Q4. (25 points)
Consider a system with just two energy levels, 1 and 2. The system has 1
mole (6.0 x 10%®) molecules distributed between these two energy levels,

E, and E,.
ks = 1.38 x 102 JK'
E,=0.0J,
E,=3.0x10?%y,
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py=e¢" 1" 10, where p2 is the probability of finding a molecule in level 2.

(a) Calculate the total energy of the system at equilibrium at a temperature of
=300 K (state A) (15 points).
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Question 4, continued.

(b) The energy of the system is doubled with respect to the energy in part (a),
and the system is allowed to reach equilibrium. Calculate the new temperature of
the system at equilibrium. (10 points)
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