Chem 130A Third Mid-term Exam. April 21, 2003

Q1. (40 Points)

This question has 5 parts, and the numerical results for later parts depend on
your answers to the earlier parts. Show your reasoning clearly, to ensure partial
credit if your numerical calculations end up being incorrect.

Consider molecules of type A, with chemical potential of 1.0 kJ/mole, under
standard conditions.
Type A molecules can convert to molecules of type B, with a chemical potential
of 0.5 kd/mole, under standard conditions:

A<>B

(A) What is the standard free energy of the reaction, A,G°? Hint: A.G°is the
molar free energy change in converting pure A to pure B. — 3 points
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Chem 130A Third Mid-term Exam. April 21, 2003

(C) Calculate the molar change in entropy, AS,,,, that arises from mixing
reactions and products when the system reaches equilibrium. To do this
- use the following relationship between mole fractions and the molar
entropy change:
AS,x = -R (X, Inx; + X, InX,) - 5 points
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(D) Compare your result to the molar entropy change calculated using a
simple lattice model with 10,000 grid points. Assume that every grid point
is occupied only by A molecules at the start of the reaction (i.e., the
system starts off as pure A). Calculate the entropy for this situation. Then
calculate the entropy for the equilibrium situation, where the number of A
and B molecules are given by your answer to part (B). Show all steps in
the calculation. - 15 points
Hint:

S =4k, InW, where W is the multiplicity and k, is Boltzmann’s constant.
Use the simplest form of Stirling’s approximation: In N! = N InN
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(BLANK SPACE FOR QUESTION 1, D)
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(E) Calculate the molar free energy change at 300K in going from an initial
state consisting of pure A type molecules, to a final state consisting of A
and B type molecules in equilibrium at 300K. - 10 points
Hint: There are two components to the free energy change. One is given
by the chemical potentials of type A molecules and type B molecules. The
second component is given by the free energy of mixing. Assume that the
enthalpy of mixing is zero.
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Q2. (20 Points)

Consider a solution of two components, A and B, which behaves ideally. Initially,
there are 2.0 moles of A and 2.5 moles of B in the liquid phase, and the total
vapor pressure is 1.35 atmosphere. When the number of moles of A in the liquid
phase is increased to 3.0 moles (keeping the number of moles of B constant),
the vapor pressure increases to 1.5 atmospheres. What are the vapor pressures,
in atmospheres, of pure A and of pure B? Assume that the temperature is
constant.
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Q 3. (20 points)

A cell membrane at 300 K is permeable to Ca® but not to anions. The
concentration of Ca** inside the cell is 0.1 M, and the concentration of Ca®*
outside the cell is 0.001 M.

(A) What is the molar Gibbs energy change in transporting Ca®* ions from outside
the cell to inside? The chemical potential of a component X is given by:

uy = uy° + RT In[X]. Assume that there is no potential across the membrane.
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(B) What potential difference would have to exist across the membrane for Ca?*
to be in equilibrium at the concentrations given in part A? Give the sign of the
potential inside with respect to outside. - 10 points

Hint: The molar free energy (in units of Joules/mole) of moving a charge against
an electric potential difference across the membrane is:

zFAV, where z is the charge, F is the Faraday constant (96,500 C/mol) and AV is
the potential difference in volts.
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Q4. (20 points)

Consider a chemical reaction involving the conversion of molecules of type A into
molecules of type B:

A<>B

The standard enthalpy of the reaction, AH° is —20 kJ/mole. A scientist wishing to
produce more B from A increases the temperature of the reaction, without adding

more A. Will she be successful at producing more B at equilibrium at the higher
temperature? Explain your answer in terms of the van’t Hoff equation.
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