When a laser is pointed at a zinc metal surface (® = 7.85 x 103 uJ), an electron is ejected with a velocity of
1.44 x 10° mm/ms. What is the wavelength of light that is emitted by the laser? Report your answer in nm.

Ok, let’s think about this problem in pieces:

1. Consider the equation Epporon = ® + Ej
a. Which variable is explicitly told to you in the problem? Is it in SI units? If not, convert it.

b. Can you determine either of the other variables from the information you are given and the extra
info below? If so, calculate that value. Make sure you are careful with units (when in doubt, use
Sl units).

Ephoton = hv = % h=6.626x10"3*]s c=2998x 108 ms~1

Ex = %2 mv? Metectron = 9.109 x 10731kg c=M

c. Now put it all together and solve for the 3" term in the equation Epporon = © + Ej

d. Is this the answer that you need? If not, use the information given above to solve for the
variable that you want. Make sure to note that the problem is asking for the answer in a specific
unit.



2. Now try it yourself. Determine the velocity of an electron that is ejected from a Uranium surface when
145 nm light is directed at that surface. The threshold energy of Uranium is 3.6 eV (note that 1 eV =
1.602 x 1010 J).

3. The threshold energy of carbon is 4.81 eV while aluminum is 4.08 eV. Using your understanding of
Coulomb’s Law, explain why it takes less energy to release and electron from aluminum. Think
critically about the variables (g1, g2, and r) to guide your answer.

4142
Epa itz

4. Determine the frequency of a photon required to release an electron from carbon. The conversion
factor between eV and J is give in problem 2.



Quantization of Energy

5. What is meant by the quantization of energy?
y q aqy Energy
A
6. Use the diagram to the right to answer the following n=eo E.=0
guestions: n=>5 +
a. Why does it make sense that each of these energy n=4
levels are less than zero? That is, what does it mean
for an electron to have a negative potential energy? n=3
n=2 .
b. Which arrow corresponds with an absorbance
process?
n=1 ———  E,=-218x10")
c. Which arrow corresponds with an emission process?
Energy level diagram for a hydrogen atom.

d. What are two sources of energy that can result in an electron moving to a higher level?

e. Which of these levels corresponds to the ground state?
f. The first excited state is the energy level closest to the ground state. Circle the 1% excited state
on the diagram.

g. What level corresponds to the 2" excited state?

-2.18x10718] 72

h. Calculate the energy of the 2" excited state. Remember that you can use E,, = —

for a single electron atom.

i. Calculate the energy that an electron needs to absorb to go fromn=1ton = 3.

j-  What is the wavelength (1) of a photon that can accomplish the excitation from 6i?



7. Now let's try putting all of this together in a problem. If a hydrogen atom emits a photon with a
wavelength of 433.92 nm, what energy level (n) does the electron begin during this emission process?

Determine the final energy level based on the wavelength.
Determine Ephoton.

Determine the energy of the unknown level (remember Ephoton = AE).
Determine the unknown level (n)
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8. The idea of threshold energy can be applied to what we have discussed regarding the quantization of
energy. To completely remove an electron from an atom, all attractive/stabilizing energy must be
removed. Consequently, the electron needs to be excited from its resting state all the way to the infinite
energy level (n = «),

—-2.18x10718] 72
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a. What is the energy of the level n = «? Either Coulomb’s law or E,, =
answer this question. Hint: n = « has a radius of «.

can help you
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b. WhycantE, = %22 be used to calculate the energy of other energy levels in carbon?

c. What type of orbital holds the highest energy electron in carbon? Is this electron part of a pair
or is it unpaired?

d. Noting that the threshold energy is the amount of energy needed to remove the highest energy
electron (the one you identified in part ¢), what must be the energy of that electron? Recall that
the threshold energy of carbon is given in problem 3 (4.81 eV).



