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INSTRUCTIONS: 1) Please read over the test carefully before beginning.  You should have 

6 pages of questions and a formula/periodic table sheet. 
 2) If your work is not legible, it will be given a mark of zero. 
 3) Marks will be deducted for incorrect information added to an 

otherwise correct answer. 
 4) Marks will be deducted for improper use of significant figures and for 

missing or incorrect units. 
 5) Show your work for all calculations.  Answers without supporting 

calculations will not be given full credit. 
 6) You may use a calculator. 
 7) You have 90 minutes to complete this test. 
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this course; the maximum punishment would include expulsion from this university.    
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1. Fill in each blank with the word or short phrase that best completes the sentence. 

                [18 marks] 
(a) Scandium (𝑆𝑆𝑆𝑆) has a single naturally occurring isotope.  A naturally occurring neutral 

atom of scandium has _____ protons, _____ neutrons and _____ electrons. 

(b) The breakdown of an atom of 𝑈𝑈92
235  into two smaller nuclides and several neutrons is an 

example of a nuclear reaction that would be classified as _________________________. 

(c) The radiation weighting factor (𝑊𝑊𝑅𝑅) is used to convert the ____________________ dose 

of radiation into the  ____________________ dose. 

(d) The photoelectric effect experiment showed that light can behave as a _______________. 

(e) Electromagnetic radiation that is slightly lower in energy than visible light is called 

_________________________. 

(f) Heisenberg’s uncertainty principle says that is impossible to simultaneously determine 

the location and the ________________________ of an electron with high accuracy. 

(g) The principle that tells us that only two electrons with opposite spin can occupy an orbital 

is called the _____________________________________________ principle. 

(h) The angular momentum quantum number (𝑙𝑙) for an f orbital is _____. 

(i) The number of 6𝑓𝑓 orbitals in one atom is ____, and the allowable values for their 

magnetic quantum numbers (𝑚𝑚𝑙𝑙) are _____________________________. (List them all.) 

(j) Write the electron configuration for a neutral atom of bromine (𝐵𝐵𝐵𝐵) using line 

notation.  Do not use the noble gas abbreviation.   

 ________________________________________________________________________ 

(k) For each of the ions below, write the electron configuration in line notation using the 

noble gas abbreviation. 

 i.  𝐹𝐹𝐹𝐹3+ ____________________  ii.  𝐴𝐴𝐴𝐴+  ____________________ 

(l) For each of the ions in part (k), indicate whether it is paramagnetic or diamagnetic. 

 i.  𝐹𝐹𝐹𝐹3+ ____________________  ii.  𝐴𝐴𝐴𝐴+  ____________________ 
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2. Complete the table below.              [3 marks] 

Isotope 𝑆𝑆𝐹𝐹2−78   

Number of electrons  36 

Number of neutrons  48 

Number of protons   

Overall charge -2 +1 

 

3.                  [4 marks] 

(a) Write a balanced nuclear equation for the alpha decay of 𝑇𝑇ℎ90
229 . 

 

 

 

(b) Write a balanced nuclear equation for the beta decay of 𝐹𝐹𝐵𝐵87
223 . 

 
 
 
 
 

4. Draw and label a complete set of 3d orbitals.  Your pictures must include phase and 
labeled axes.  DO NOT draw radial nodes.               [5 marks] 

 Drawings that are not accompanied by a label (name) for the specific orbital will not get 
full credit.        
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5. Consider the following valence orbital occupancy diagram:          [5 marks] 
     

4s 4p  
(a) Which neutral element is this diagram describing?             [1 mark] 
 

(b) Fill in the blanks on the diagram below to assign a valid set of quantum numbers to each 
electron on this valence orbital occupancy diagram:            [4 marks] 

 

 

4s 4p  
 

 

 

6.                  [4 marks] 
(a) Calculate the energy change for the reaction in which a positron and electron are 

annihilated.  Report your answer in J.             [3 marks]  
 

 

 

 

 

 

 

 

 

 

 

(b) Does your answer indicate that energy is absorbed or released by this reaction?  How do 
you know?                  [1 mark] 

 
  

𝑛𝑛 = ___  𝑙𝑙 = ___  𝑚𝑚𝑙𝑙 = ___  𝑚𝑚𝑠𝑠 = ___ 

𝑛𝑛 = ___  𝑙𝑙 = ___  𝑚𝑚𝑙𝑙 = ___  𝑚𝑚𝑠𝑠 = ___ 

𝑛𝑛 = ___  𝑙𝑙 = ___  𝑚𝑚𝑙𝑙 = ___  𝑚𝑚𝑠𝑠 = ___ 

𝑛𝑛 = ___  𝑙𝑙 = ___  𝑚𝑚𝑙𝑙 = ___  𝑚𝑚𝑠𝑠 = ___ 
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7. Rhenium has two naturally occurring isotopes: 𝑅𝑅𝐹𝐹185  and 𝑅𝑅𝐹𝐹187 .  The isotopic masses of 

𝑅𝑅𝐹𝐹185  and 𝑅𝑅𝐹𝐹187  are 184.952 955 u and 186.955 750 u, respectively.  

Calculate the percent abundances of the two naturally occurring isotopes of rhenium.   
Your answer must make it clear which abundance is for which isotope.        [4 marks] 
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8. The 18F isotope is regularly used in positron emission tomography (PET).         [9 marks] 

(a) Write a balanced nuclear equation for the reaction in which 𝐹𝐹18  emits a positron.  
                   [2 marks] 
 

(b) Briefly explain why 𝐹𝐹18  undergoes positron emission.           [2 marks] 

 

 

 

 

 

(c) Based on your answer to part (b), there should be one other type of nuclear decay that 
you might predict 𝐹𝐹18  to undergo.  If you didn’t have experimental data that told you a 
positron was emitted, what would be the other type of nuclear decay predicted for 𝐹𝐹18 ? 
                   [1 mark] 

 

 

(d) 𝐹𝐹18  has a half life of 109.8 minutes. If you start with a sample containing 5.34 mmol 𝐹𝐹18 , 
how much 𝐹𝐹18  will be left after 5 hours?             [4 marks] 
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9.                  [8 marks] 

(a) Calculate the energy of an electron in a 2𝑠𝑠 orbital in a hydrogen atom.          [1 mark] 
 

 

 

(b) Calculate the energy of an electron in a 4𝑠𝑠 orbital in a hydrogen atom.          [1 mark] 
 

 

 

(c) What wavelength of light should you use to excite an electron in a hydrogen atom from 
the 2𝑠𝑠 orbital to the 4𝑠𝑠 orbital?   

Express your final answer using an appropriate SI prefix so that the value is between 0.1 
and 1000.                 [4 marks] 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

(d) Does the wavelength change if the electron is excited from the 2𝑠𝑠 to the 4𝑝𝑝 orbital of the 
hydrogen atom?  If so, does it get longer or shorter?  If not, why not?         [2 marks] 
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Some Useful Constants and Formulae 
 
Fundamental Constants and Conversion Factors 
Atomic mass unit (u) 1.660 539 × 10-27 kg Planck's constant 6.626 070 × 10-34 J·Hz-1 

Avogadro's number 6.022 141 × 1023 mol–1 Proton mass 1.007 277 u 
Bohr radius (a0) 5.291 772 × 10-11 m Neutron mass 1.008 665 u 
Electron charge (e) 1.602 177 × 10-19 C Rydberg Constant (RH) 2.179 872 x 10-18 J 
Electron mass 5.485 799 × 10-4 u Speed of light in vacuum 2.997 925 x 108 m·s-1 
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Developed by Prof. R. T. Boeré (updated 2016) 

  



NAME:____________________________  Student Number:______________________ 
 
Some Useful Masses       
α4

2         4.001 506 179 u 

p1
1         1.007 276 467 u 

n1
0         1.008 664 916 u 

𝛽𝛽+1
0         0.000 548 579 9 u 
𝛽𝛽−1
0         0.000 548 579 9 u 

 
 
 
Band of Stability Graph 
The graph below shows the band of stability.  Stable isotopes are in black.  Isotopes that exist but are not stable 
are shown in varying shades of gray with the shades of gray corresponding to different half-lives.   
The original version of the graph used a rainbow colour scale.        
http://commons.wikimedia.org/wiki/File:Isotopes_and_half-life_eo.svg      

http://commons.wikimedia.org/wiki/File:Isotopes_and_half-life_eo.svg

