
Chem 115, UW – Eau Claire Fall ’13

Problem Set 2

This problem set is due by 8 am on Friday, September 27, 2013. Each problem has equal
value.

1. [5 pts] This question concerns the quantized energy states of a hydrogen atom.

a. Calculate the energy of the n = 4 electronic state of hydrogen; repeat the calculation
for the n = 3 state. Be sure to include the correct sign for these energies.

b. Calculate the value of ∆E when the electron in a hydrogen atom goes from the n = 4
energy level to the n = 3 level. Be sure to include the correct sign for ∆E.

c. What wavelength of light would be emitted in this process?

2. [4 pts] Can an energy level of the hydrogen atom exist with En = −2.18 × 10−21 J?
Justify your answer with a numerical calculation.

3. [4 pts] Problem 7.73 on p. 291 of your textbook.

4. [5 pts] Ionization energy is defined as the amount of energy input needed to remove
an electron from an atom and thereby form a cation. Ionization, in the quantum view,
corresponds to promoting an electron into the n =∞ electronic state.

a. What is the ionization energy of a hydrogen atom which is in the ground (n = 1)
state? Hint: It’s the energy needed to excite an electron from n = 1 to n =∞.

b. What is the ionization energy of a hydrogen atom which is in the n = 4 state?

c. Suppose the energy causing the ionization in b. were provided in the form of light.
What is the wavelength of this light (in nm)?

5. [4 pts] The ionization energy of a certain element is 6.84 ×10−19 J. However, when the
atoms of this element are in the first excited state (n = 2), the ionization energy is only
2.09 ×10−19 J. Based on this information, calculate the wavelength of light emitted in a
transition from n = 2 to n = 1.

6. [3 pts] Recall that the hydrogen energy-level diagram was derived historically in two
different ways: 1) from the observed wavelengths emitted by the hydrogen lamp (1880’s)
and 2) as a result of Schroedinger’s theory (1920’s). Look up the definition of the word
empirical in a dictionary. Explain specifically why item 1) is regarded as an empirical
finding, and why item 2) is not empirical.


