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EXAM I – Sept. 12, 2019 
 

You will have until 10:50 to complete this exam. Please show all work and/or reasoning in the space provided or on 
the attached scratch page. Partial credit for incorrect answers may only be awarded if work/reasoning is shown. 
Remember to report the final results of your calculations with the appropriate significant figures. A Periodic Table 
and a page of helpful information are provided for your use. GOOD LUCK!! 
 
1. (6 pts) Please indicate whether each statement below is True (T) or False (F). 

 

a. A sample of an element may contain either atoms or molecules. 
 

b. NaCl is a pure substance. 
 

c. Anions have more protons than electrons. 
 
2. (5 pts) What does it mean to say that energy is quantized? Why do we not notice this in our everyday lives? 

 
 
 
 
3. (6 pts) For each question below, please circle the atom or ion that has the specified property. 

 

a. Smallest radius:  W, Sb, or Fr 
 

b. Greatest electron affinity: W, Sb, or Fr 
 

c. Smallest radius:  Xe, Cs+, or Te2- 

 
4. (12 pts) For each atom or ion below, please give: 

 

a. the ground-state (lowest energy) electron configuration. You may choose to abbreviate the noble gas core. 
b. the orbital “box” diagram corresponding to your configuration. Be sure to label orbitals clearly. 
 

Tellurium 
 

 
 

Pr 
 
 
 
Pr2+ (configuration only; no “box” diagram) 
 

 
 
5. (6 pts) Please write the complete chemical symbol for the rhenium atom or ion with 112 neutrons and 73 

electrons. 
 
 
 
 

_______ 

_______ 

_______ 



2 
 

6. (4 pts) What name is given to the decimal values listed under the elements on the Periodic Table (for example, 
6.941 under Li)? Briefly explain how these values are calculated.   

 
 
 
 

7. (12 pts) The following questions relate to first ionization energy. 
 

a. Please define first ionization energy. Include a chemical equation for ionization of silicon to illustrate your 
definition. 
 
 

 
b. Fill in the blank: Moving from left to right across a period of the Periodic Table, first ionization energy 

______________ (increases, decreases, or stays the same). 
 

c. Briefly explain your answer to part (b). Why is this the trend? 
 
 
 
 
 
d. Fill in the blank: Moving from top to bottom within a group of the Periodic Table, first ionization energy 

______________ (increases, decreases, or stays the same). 
 

e. Briefly explain your answer to part (d). Why is this the trend? 
 
 
 
 
 
 

8. (14 pts) The following questions relate to quantum numbers and orbitals: 
 

a. How many orbitals are there in the n = 3 shell? Please list each orbital by name. 
 
 

b. Please give the atomic number of the first element that would contain electrons in an 8s orbital. Also, which 
subshell would be filled next, after the 8s? 
 
 

c. Please sketch a dyz orbital on the axes below. Be sure to label the axes appropriately; also, use shading to 
indicate regions of different sign and dashed lines to show the location(s) of any node(s). 
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9. (12 pts) Niels Bohr is credited with advancing our understanding of atomic emission spectroscopy and electronic 
structure. Please answer each of the following questions as briefly (but completely) as possible. 
 

a. Bohr proposed a theory explaining the cause for the hydrogen emission lines observed by other scientists. 
What specific events did Bohr suggest were responsible? Include a diagram and one or more equations (but 
no calculations) in support of your answer. 
 
 
 
 
 
 
 
 

b. Briefly list the one major success of Bohr’s model. (What did Bohr get right that we still use today?) 
 

 
 

c. Briefly list one significant limitation of Bohr’s model. (About what was he incorrect? Or, what could his 
model not explain?) 

 
 
 

10. (14 pts) You may have heard about the lead-contaminated drinking water in Flint, Michigan. In 2015, researchers 
from Virginia Tech measured lead-contaminated water in over 200 Flint homes. In the worst case they found, the 
lead concentration was as high as 13.2 g/m3 (which is more than 2500 times the threshold level deemed unsafe for 
drinking). Suppose that the homeowner drank 64 ounces (oz) of this highly contaminated water per day. How many 
grams of lead would she ingest in a year (assuming she lived that long)? 
 
Note: 1 L = 33.814 oz = 1000 cm3 
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11. (14 pts) As I’ve mentioned in class, a technique called photoelectron spectroscopy uses the photoelectric effect to 
experimentally determine orbital energies and, from them, electron configurations. This is done by bombarding 
atoms with high-energy photons and measuring the speeds at which electrons are ejected: from the measured speeds 
one can calculate the binding energies with which the electrons had been held in their atoms (allowing for 
determination of which subshells the electrons had occupied).  
 

Suppose that you bombard an aluminum surface with X-rays 850.0 pm in wavelength and measure the speed of 
some ejected (2p) electrons to be 2.17 × 107 m/s. 
 

a. What is the energy of each X-ray photon? 
 
 
 
 
 
 
 
 

 
b. Given the measured speed of the ejected electrons (2.17 × 107 m/s), with what binding energy were these 2p 

electrons bound to the Al nuclei (until the instant of ejection)? The mass of an electron is 9.10938 × 10-31 kg.  
 

[Hint: Which quantity in your equation for the photoelectric effect corresponds to the binding energy – the 
amount of energy holding the electron in the atom?] 
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BLANK SCRATCH PAGE 

If there is material to be graded here, make sure that it is clearly labeled and write your 
name on this page. 
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Useful Constants, Conversion Factors and Equations 
 

Constants and conversion factors: 

h = 6.626 × 10-34 J.s    c = 2.9979 × 108 m/s   1 J = 1 2

2
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