
Chem 105 Exam 1        
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This exam is schedule for 75 minutes and I anticipate it to take the full time allotted.  You are free to 
leave if you finish.   

In multiple part problems, points awarded will not be penalized for incorrect answer on previous parts, 
so simply move on if you get stuck on one part.   

Always neatly show work for partial credit.   

Completely stuck on a problem, you can “buy” hints for points. 

 

 



  



1. Identify the SI Units for each of the following: 
 

Distance Æ ________   Area Æ _________   Density Æ___________ 

 

Energy Æ _________   Temperature Æ__________ Velocity Æ ___________ 

 
2. Convert the 100 µg/nm3 to kg/µm3. 

 

 

 

 

3. The energy diagram of a single electron atom is shown to the right, please 
determine: 

a. Which transition would require the highest energy photon? 
 
 

b. Circle the energy level of an electron in the ground state. 
 
 

c. The transition that would produce the longest wavelength photon. 
 
 

d. For an electron in the first excited state, draw the transition that would 
correspond to the ionization energy.  You may add anything to the image 
that you feel is relevant. 
 

e. Calculate the energy of n = 4 for a hydrogen atom. 
 
 
 
 

4. List two possible sets of quantum numbers for an electron in a 5p orbital. 
 
 
 
 

5. What is meant by particle-wave duality?  Be specific. 
 
 
 
 

 



6. Below are listed the first ionization energy for several atoms in the 3rd shell.  Justify the difference seen 
between the following elements.  If the relationship deviates from the expected trend, clearly explain 
why. 
 

Na vs. Mg     Mg vs. Al  P vs. S  Cl vs. Ar 

Atom Ionization 
Energy (aJ) 

Na 0.823314513 
Mg 1.225008303 
Al 0.958983726 
Si 1.306044503 
P 1.6801727 
S 1.65991365 
Cl 2.077715045 
Ar 2.525074726 

 
 
 
 
 
 
 
Which of these elements is most likely to form an ion with a charge of +1?  Justify your answer based 
on the energies listed above and electron configurations. 
 
 
 
 
 

7. Determine the energy and wavelength of the photon ejected from a hydrogen atom when an electron 
relaxes from the 7th energy level to the ground state.  Report your answer in SI units. 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Order the following elements by INCREASING radius: Na Na+ Mg2+ O2- Ne Mg 
 
 

Energy ___________________ 

Frequency ___________________ 



9. Two energy level diagrams are shown.  One of these corresponds to Carbon (C0) and the other the +5 
carbon ion (C+5). 

a. Label each graph with C5+ and the other with C0. 
b. Clearly explain why the difference in these diagrams is observed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. Consider the nucleus of an atom.  As atoms increase in size, the number of neutrons increases more 
quickly than the number of protons.  Explain why this is necessary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11. Complete the table. 
 

Element Symbol A Z Number of 
Neutrons 

Number of 
Electrons Charge 

Selenium-79  
     -2 

 
 
 

 



12. There are only two stable chlorine isotopes.  Chlorine-35, which has an exact mass of 34.96885 amu, 
composes 75.78% of a sample.  Determine the exact mass of the other stable isotope (chlorine-37).  
Report you answer with 5 sig figs.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

13. When a photon with an energy of 6.954 x 10-19 J strikes the surface of potassium metal, an electron is 
ejected with no kinetic energy.  What is the threshold energy of potassium? 

 

 

 

 

 

 

 

 

14. Consider Pb (Z = 82).   
a. Write the condensed electron configuration. 

 
b. Is this element diamagnetic or paramagnetic?  Justify your answer. 

 
c. Predict two stable ions of Pb.  Explain your choice using electron configurations. 

 

 
 
 
 
 



 
15. Consider cobalt (Z = 27). 

a. Show a complete orbital energy diagram for the ground state and first excited state.  Make sure 
to label all orbitals and show all electrons. 

 
 

b. Use the above diagram to explain the quantization of energy.  You can answer this in one 
sentence. 
 
 
 
 

16. The radius of 41K is 243 pm.  Using the information at the back of the exam and assuming the atom is a 
perfect sphere, calculate the density in SI units. 
 
 
 
 
 
 
 
 
 
 
 

17. Do you expect a neutral potassium atom to be more or less dense than a potassium cation?  Briefly 
justify your answer. 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

      Ground State      First Excited State 



Answer one of the following: 
 

18. When a 14.86 kg chunk of lead is dropped into a cylinder of water, the height of the column of water 
increases by 4.17 cm.  If the cylinder has a radius of 100 mm, calculate the density of lead.  Report 
your answer in g/mL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

19. Calculate the velocity of the ejected electron when a photon (λ = 364 nm) strikes a zinc surface (Φ = 
6.8878 x 10-13 µJ).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Equations and constants: 
 
𝐸𝐸 = ℎ𝜈𝜈  𝑐𝑐 = 𝜆𝜆𝜈𝜈  ℎ = 6.626𝑥𝑥10−34𝐽𝐽𝐽𝐽 𝑐𝑐 = 2.998𝑥𝑥108𝑚𝑚𝐽𝐽−1 
 

𝐸𝐸𝑛𝑛 = −2.18𝑥𝑥10−18𝐽𝐽
𝑛𝑛2 𝑍𝑍2   ∆𝐸𝐸 = 𝐸𝐸𝑓𝑓𝑓𝑓𝑛𝑛𝑓𝑓𝑓𝑓 − 𝐸𝐸𝑓𝑓𝑛𝑛𝑓𝑓𝑖𝑖𝑓𝑓𝑓𝑓𝑓𝑓  𝐸𝐸𝐾𝐾 = 1

2𝑚𝑚𝑣𝑣
2  

 
𝐸𝐸𝑝𝑝𝑝𝑝𝑖𝑖𝑝𝑝𝑛𝑛𝑖𝑖𝑓𝑓𝑓𝑓𝑓𝑓 ∝ 𝑞𝑞1𝑞𝑞2

𝑟𝑟    
 
𝑚𝑚𝑝𝑝𝑓𝑓𝑝𝑝𝑒𝑒𝑖𝑖𝑟𝑟𝑝𝑝𝑛𝑛 = 9.109𝑥𝑥10−31𝑘𝑘𝑘𝑘 𝑚𝑚𝑝𝑝𝑟𝑟𝑝𝑝𝑖𝑖𝑝𝑝𝑛𝑛 = 1.673𝑥𝑥10−27𝑘𝑘𝑘𝑘   
 
𝑚𝑚𝑛𝑛𝑝𝑝𝑛𝑛𝑖𝑖𝑟𝑟𝑝𝑝𝑛𝑛 = 1.675𝑥𝑥10−27𝑘𝑘𝑘𝑘  
 
𝜆𝜆𝑑𝑑𝑝𝑝𝑑𝑑𝑟𝑟𝑝𝑝𝑑𝑑𝑓𝑓𝑓𝑓𝑝𝑝 = ℎ

2𝑣𝑣  
           
𝑉𝑉𝑠𝑠𝑝𝑝ℎ𝑝𝑝𝑟𝑟𝑝𝑝 = 4

3 𝜋𝜋𝑟𝑟
3  𝑉𝑉𝑒𝑒𝑐𝑐𝑓𝑓𝑓𝑓𝑛𝑛𝑑𝑑𝑝𝑝𝑟𝑟 = 𝜋𝜋𝑟𝑟2ℎ 𝐴𝐴𝑒𝑒𝑓𝑓𝑟𝑟𝑒𝑒𝑓𝑓𝑝𝑝 = 𝜋𝜋𝑟𝑟2 

 
 
 



 


