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Each problem is worth 10 points.




Q1) (Z12:27) The work function of an element is the energy required to remove an
electron from the surface of a solid. The work function for lithium is 300 kJ/mole (that
is, it takes 300 kJ of energy to remove one mole of electrons from one mole of Li atoms

on the surface of Li metal). What is the maximum wavelength of light that can remove
an electron from an atom in lithium metal?
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This wavelength is less than 400 nm, which is blue light, so it is UV.

Q2) (Z12:32) What is the maximum wavelength of light capable of removing an electron
from a hydrogen atom in the energy sate characterized by n=3?
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This wavelength is very close to 750 nm or 0.75 microns, which is red light, so it is just
below red light, in the very near IR.



Q3) (Z12:72) Using only the periodic table (on the wall) write the expected ground-state
electron configuration for the following:
a) The third element of Group 5A (As)
b)
EC(33)= [Ar]4s*3d'%4p?
As a sum check: 18+15=33, and that accounts for all As electrons.

c) Element number 80

EC(80)= [Xe]6s%4f**5d™
As a sum check: 54+26=80, and that accounts for all Hg electrons.

d) An element with three unpaired 5d electrons
The simples one is element 73 or Ta: which would have the EC of:
EC(73)=[Xe]6s°4f**5d> Another acceptable one is to fill 7 of the 5d electrons, this
would be I EC(77)=[Xe]6s°4f*5d’

e) The halogen with electrons in the 6p atomic orbitals
At has 6p electrons at the end so it is: EC(85)= [Xe]6s°4f*5d*°6p°

Q4) (Z13:48) Draw Lewis structures for the following two ions. Show all resonance
structures, where applicable.
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Q5) (Z14:3) Consider the MO diagram of the B, diatomic molecule: Because B, is
known to be paramagnetic, the r,, and o,, MOs must be switched from the standard

order. Show an MO diagram for B, with the electrons in the levels (label the MO levels

with o and 7z and s and p notation), taking into account the paramagnetic nature of this
diatomic molecule:

See figure 14.40 in Zumdahl for B,. It is much like the N figure shown here, with 4
fewer electrons in the diagram. For B, there would be 2 unpaired electrons in the 7, ,

Orbitals. Otherwise this is the same diagram.

ule has ten electrons. The atommic orbitals combine to produce the following molecular orbital diagram

a total bond order of three. Thiz ¢ with the Lewns structure (] ), although the]

l.:lr;_. [al ap C. [ells 115 fhal there 15 ong O and o 7L
This diagram obtained from:  www.ch.ic.ac.uk/.../course/mo_theory/o2ed.gif
Explain how your diagram predicts that B, is paramagnetic.

The diagram shows that the filling of the last two valence electrons goes into two distinct
orbitals of the same energy (doubly degenerate), and hence they can remain unpaired.
Molecules (or Atoms) with unpaired electrons will be paramagnetic.

Why might one expect the o, , to be lower in energy than the z,, MO?

Ordinarily, before filling with electrons, the o, orbital would be lower than the 7,
because the o, puts the electrons directly between the two nuclei, and looks like a good

bonding position. But as electrons are added, that region of space fills with electrons
from the sigma-s o, and o, orbitals and so it is not as favorable a region of space

anymore for the electrons to go, so the energy of the sigma o, , orbital goes up relative to
the 7z,,.



