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Quantum Model of the Atom
 Part A – Waves & Quantum Mechanics 

1. Discuss the experiment and contribution to atomic structure theory provided by each of the following scientists:

a) Thomson

b) Rutherford

c) Bohr

d) Schrödinger

2. Which pieces of experimental evidence support the idea that electrons have wave-like properties as well as properties of a particle?

3. Explain the difference between Schrödinger’s orbitals and Bohr’s electron orbits.

4. What is the wavelength of light (nm) that has a frequency 4.62 x 1014 s-1?

A) 1.54 x 10-3 nm
B) 1.39 x 1023 
nm
C) 649 nm
D) 1.07 x 106 nm
E) 932 nm

5. The energy of a photon that has a wavelength of 12.3 nm is __________ J.

A) 2.72 x 10-50 
B) 1.62 x 10-17 
C) 4.42 x 10-23 
D) 1.99 x 10-25 
E) 1.51 x 10-17
6. The n = 5 to n = 3 transition in the Bohr hydrogen atom corresponds to the __________ of a photon with a wavelength of __________ nm.

A) absorption, 657 nm
B) emission, 657 nm
C) emission, 1280 nm
D) absorption, 1280 nm
E) emission, 389 nm
7. A photon with a wavelength of 72.2 nm is emitted when an electron drops from n=4 to an unknown ground state.

a) How far apart, with respect to energy, are the levels the electron travelled between?

b) Which ground state level did the electron fall to? Support your answer.

c) Another electron in the atom absorbs a wavelength of 612nm, allowing it to jump from n=2 to n=3. Compare the energy of the 612nm wave to that of the 72.2nm wave and explain why each wave caused different excitation/emission jumps. (A complete answer will discuss Coulombic force)
Part B – Quantum Numbers

8. For each quantum number, list the symbol and give a brief description.

	Quantum #
	Symbol
	Description

	Principal
	
	

	Angular Momentum
	
	

	Magnetic
	
	

	Spin
	
	


9. Draw the shapes of the following types of orbitals:
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10. Explain why electrons are found as pairs in orbitals.

11. Complete the following table to indicate the total number of orbitals in each energy level (n).  In the remaining columns, specify how many of those orbitals are s, p, d, and f.

	Level n
	Total # of orbitals
	# of

s-orbitals
	# of

p-orbitals
	# of

d-orbitals
	# of

f-orbitals

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	



12. a) Write out the full electron configuration for tungsten (W).

b) Properly fill in the AUFBAU diagram to the right for tungsten (W).
c) Check your AUFBAU diagram in (b).  Does it represent the most stable configuration? If yes, explain why it does. If no, correct the diagram and explain why you changed it.
13. Which of the following quantum states is not possible for an electron of a neutral bromine atom?
A) 2, 1, -1, -1/2 
     B) 1, 0, 0, 1/2          C) 5, 4, - 3, 1/2 
D) 5, 4, -3, -1/2 
E) 3, 3, 3, ½
14.  An electron cannot have the quantum numbers n = __________, l = __________, ml = __________.

A) 1, 0, 0 

B) 3, 2, 3 
      C) 6, 1, 0 
             D) 3, 2, -2 

E) 3, 2, 1

Part C – Photoelectric Effect
15. Explain how the photoelectric effect provides evidence for the particle behavior of electromagnetic waves.
16. Identify and discuss what each function of the photoelectric effect equation represents.

a. Ek
b. EB
c. Wo
d. hv
17. The following photoelectron spectroscopy data is collected for an unknown sample. The x-axis represents the binding energy (eV) of the electrons of this element.
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a. Identify which sublevel each peak represents by labeling them on the graph.
b. Assuming the element is neutral, which element is represented by the spec data?

c. Explain why the 3s electrons experience a greater binding energy than the 4s electrons.

d. Explain how the graph would change under the following scenarios.

i) A  ion2+ of the same element is formed.

ii) The neutral element with an atomic number of 21 is depicted instead.

e. What is the minimum wavelength of light needed to eject a 4s electron for the element shown? The work function for your unknown is 2.9 eV.
f. A 3p electron is emitted with a kinetic energy of 1.34 x 10-18 J. What frequency of light was shone on the unknown sample?

g. An electron is emitted with a kinetic energy of 1.7 eV. If the sample was excited using a 7.25x10-46 m wave, which sublevel did the electron come from?
h. What type was wave was likely used in part (g)? Explain your reasoning.
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