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Physical constant: R=8.314 JK-*mol?, amu=1.660%10?" kg, ke=1.381x102% } I**

Single Choice Questions: (2 points each)

1. Which operator below in atomic units will give the correct eigenvalue equation for Lithium?
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2. Heisenberg's uncertainty principle states:
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3. A particle in a one-dimensional box of length L can be excited from the ground state to the first
excited state by light of frequency v. If the box length is doubled, the frequency needed to
produce the transition is

mmgoo®PrE

A, 2v; B.4v; C.v/4; D.v/2; E. 6v; F. v/6

4. Alineadr rigid rotor with a moment of inertia, /, has rotational energy of 6r%/{2/). How many
rotational orientations relative to the z axis are allowed? ‘

A. 1;B.2;C. 3;D. 4 £.5; F. unlimited.

5. The force constant of ¥CI*5Cl is 319 N m.. The fundamental vibrational frequency is
A. 1.0 Hz; B. 1.5x1011Hz; C. 1.9x10% Hz; D. 1.?x1013 Hz; £.1.0x10" Hz

6. For an ideal gas at constant temperature, which of the following statements is true?

A. The Gibbs energy increases when the pressure increases

B. The Gibbs energy decreases when the pressure increases

C. The Gibbs energy does not change when the pressure increases
D. The Gibbs energy is independent to pressure.

7. Image you have two containers of equal volume separated by a valve. In each container there

is one mole of the same ideal, monatomic gas,

¥
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What is the change in entropy for this system if the valve is initially closed and you open it?

A. ASgosesopen ™ -2R{In2}); B. ASclose->open = -R(In2); C. ASciese->open = -2R; D. AScloserapen = 0;
E. DSdgse-yopen = 2R; F. ASdaseyopen = R(1n2); G. ASdeseyopen = ZR“ﬂZ)
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Text Questions

1. A moiecule contains 4 atoms. As you heat its gas to very high temperature, you observe the
heat capacity approaching an asymptotic value of 3.5R. Is the molecule linear or non-finear?

Provide your reasoning. {6)

2. Areaction has an enthalpy change of +14 IJ mol™ and an entropy change of +37 J iK't mol™., At
what temperature {°C) does this endothermic reaction become spontaneous? {6)

3. The absorption and fluorescence spectra of chiorophyll a {Chl a) in methanol are plotted
below. The absorption spectrum has two major peaks at 430 nm and 662 nm. The fluorescence
spectrum excited by 428 nm light has the peak at 669 nm.
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(i) What is the color of the sampla? {3)
{ii} What is the color of the fluorescence light? {3)

(iit) The fluorescence lifetime of Chl a in methanoi was measured as 6 ns. Cht a molecules form
aggregates in light harvesting complexes in plants, which absorb sunlight and transfer the
energy efficiently to the photosynthetic reaction center. What do you expect the time scale
of energy transfer of Chl a in light harvesting complexes to be? Will it be nanosecond, sub-
nanasecond, or tens nanoseconds? Give the reasoning about your answer. (4}

4. The reaction of atomic chlorine with ozone is the first step in the catalytic decomposition of
stratospheric ozone by Ci + ; ‘
Cl - gt Qa2 ClO - g+ Oag)-
At 298 K the rate constant for this reaction is 6.7x10° ML, Experimentally, the Arrhenius pre-
exponential factor was determined to be 1.4x10% M52, Using this information determine the
activation energy for this reaction. (6)
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