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1. (25 points) A square and not so Sq . oated as & quantum particle

~ An clectron in a particular nanodevice may be

in i i =illeNs
~ (a) (5 points) The energy of the electron 1n 1ts ground state 1S Eq =le
What is the length of the edges L of the square hox?

(b) (5 points) Find t.he@owest six anergylevels of the particle (in S
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(¢) (10 points) The manufacturing process of these nanodevices is not i
Some boxes end up being asymmetric with box edges of length L; > Ly. Assune
that L. is unchanged, ¢.g., L, = L, your answer irom part a. The inanufacturing

company wants to know if L, is ten percent or more larger than L. They plan
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them how precisely they need to measure the wavelength of these absorption
 observe this manufacturing defect. ]
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S TIOW f=.f':5§va.ve1ength emission line associated with the transition
between formerly de te first excited states, which are now split by the fact
13?:5 velength of this emission line in terms of AL and
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the quantities given above. If Al.f_'U.OlL what is this wavelength and in what

sart of the electromagnetic spectrum is this radiation? In other words is this
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2 {08 ponts) The electronijc structure of Li

This is a diagram of the electr onic energy levels of an 1bolatedfi1th1um atonl. /

-
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Lithium energy
level diagram

Il! Note that thepenelgy of the 1s level (not \
PPIO: ma.tg]_.z -98¢V. For comparison, the ionization ‘( ~a%e V
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points) Molecular orbitals in diatomic molecules

Eﬂ points) For each of the following valence electron configurations of a
1%‘? diatomic molccule or molecular ion, identify the clement X, Q, or
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'erlmne the bond order. ¥
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4.(25 points) Nitroamide

_/'(‘,"'-_.'; |

AL

Figure 1: The above figure shows which atoms are bonded to which other atoms
in the molecule. It will be up to you in answering the questions to decide if these

are single OIL_C_iEE_I_)lg_honds.

1S 2 non le was previously thought to be planar.
(a) (15 points) Predict the bond order of the N—N bond in the nonplanar
structure -

(b) 10 points) If the molecule were planar after all, what would be the bond
?
order of the N—N bond
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9.(25 points) Molecular
When one electron is
formed. The addition

of an electron from m

Oxygen and its ions

| added to an oxygen molecule. a superoxide ion O5 is
of two electrons leads to a peroxide ion O%r. The remova
olecular OXygen generates a positive ion O,

(a) (5 points) Construct a correlation diagram for O .

5 1 - - . : ~ e ~ Y.
(b) (5 points) Give the valence clectron configuration for cach of the species:

0-2**1 0321 02_: O%_ e

(¢) (5 points) Give the bond order for each of the species from the list in
part b.

(d) (5 points) Predict which of these species are paramagnetic.

(e) (5 points) Arrange these molecular species in order of increasing bond
dissociation energy from left (lowest) to right (highest).
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