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INSTRUCTIONS: 1) Please read over the test carefully before beginning.  This exam consists 

of 11 questions. 
 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 
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 5) Show your work for all calculations.  Answers without supporting 
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 6) You may use a calculator. 
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university.    
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Spelling matters! 
 
Fluorine  =  F  Fluorene  =  C13H10 
 
 
 
Flourine  =  
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1. Complete the following table.       [4 marks] 

Symbol # protons # neutrons # electrons 

𝑇𝑐#$
%&     

𝐼()$
*+%     

 22 26 18 

 

2. Draw and label the following orbitals.  Each orbital must be drawn on a labeled set of axes 
and must show relative phase.  You are not required to show any radial nodes.  
          [8 marks] 

(a) a 5s orbital      (b) a 4py orbital 
 
 
 
 
 
 
 
 
 
 
(c) a 3dz2 orbital      (d) a 3dx2-y2 orbital 
 
 
 
 
 
 
 
 
 
3. The 𝐹%+-  nuclide is unstable and will undergo decay to form a more stable nuclide.  What 

is the most probable mode of decay for 𝐹%+- ?  Briefly explain your answer. [3 marks] 
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4. Thallium has two naturally occurring isotopes.  203Tl has a natural abundance of 29.524% 

and an atomic mass of 202.9723 u.  Calculate the natural abundance and the atomic mass 
for 205Tl.         [5 marks] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.           [4 marks] 
(a) Draw an orbital occupancy diagram (“orbital box diagram”) for a neutral ground state iron 

atom (Fe).  Include all electrons and label all subshells.     
 
 
 
 
 
(b) How many valence electrons does a neutral ground state iron atom have?   
 
 
(c) Is a neutral ground state iron atom paramagnetic or diamagnetic?   
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6. Write electron configurations for each of the following species in the ground state.   

Use the noble gas notation, but always show all electrons in the valence shell explicitly. 
           [6 marks] 
(a) 𝑅𝑢#0 

 
 
 
 
 
(b) 𝐼𝑛  

 
 
 
 
 
(c) 𝐴𝑠$( 
 
 
 
 
 
 
 
7. There are seven classes of nuclear reactions.  Classify each of the following as one of the 

seven different types of nuclear reactions.     [4 marks] 
 
 
(a) 𝑈%+

+$)   +  𝑛-*     𝑁𝑑7-
*)+ .  +  𝐺𝑒$+

:*   +  3 𝑛-*  
 
 
 
 
(b) 𝐴𝑙*$

$7   + 𝑒(*
-     𝑀𝑔*+

+7  
 
 
 
 
(c) 	 𝐶𝑢+%

7#     𝑁𝑖+:
7#    + *

-b+ 
 
 
 
 
(d) 𝐻*+   +  𝐻**     𝐻𝑒+

$  
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8. A sample of Radon-222 ( 𝑅𝑛:7

+++ ) has an initial activity of 7.0 x 104 Bq.  After 6.6 days, its 
activity is 2.1 x 104 Bq.  Calculate the half-life of radon-222.  [4 marks] 
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9. Calculate the energy change for the following fission reaction:  [6 marks] 
 

 𝑈%+
+$)   +  𝑛-*     𝑁𝑑7-

*)+ .  +  𝐺𝑒$+
:*   +  3 𝑛-*  

 
(a) Report your answer in J. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Report your answer in J/mol. 
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10.  Radon-222 ( 𝑅𝑛+++ ) transmutes to a stable nuclide by emitting a and b particles.  The first 

four steps of this decay series are a-decay, a-decay, b-decay, and b-decay.  Write this 
sequence as four separate, balanced nuclear reactions.    [4 marks] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
11.  Fill in each blank with the word or short phrase that best completes the sentence.  
           [12 marks] 

(a) In the photoelectric effect experiment, whether or not a current will flow depends on the 

_______________________ of the incident light. 

 
(b) A wave with a wavelength of 12 nm has _____________________ energy than a wave 

with a wavelength of 32 nm. 
 
(c) The _____________________________ states that no two electrons in an atom can have 

the same set of quantum numbers. 
 
(d) An electron in a 6f orbital has n = ______ and ! = _______. 
 
(e) The maximum number of electrons in a single atom that can have n = 2, ! = 0 and ms = -½ 

is _______. 
 
(f) The unit for the equivalent dose of radiation is the __________________.  The equivalent 

dose is essentially the ____________________________multiplied by a radiation 
weighing factor (WR). 

 
(g) A neutral atom of chlorine has ________ core electrons and _________ valence electrons. 
 
(h) According to the Bohr model of the atom, electrons within an allowed _______________ 

can move without radiating.  Bohr calculated the energy of the electron in a hydrogen atom 

using this equation: ____________________. 
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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 
    

 
Formulae 
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Developed by Prof. R. T. Boeré (updated 2016) 
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Some Useful Masses       

        4.002 603 254 u 

        1.007 276 467 u 

        1.008 664 916 u 

𝛽0*
-         0.000 548 579 9 u 
𝛽(*
-         0.000 548 579 9 u 
𝑈%+

+$)       235.043 930 u 
𝑁𝑑7-

*)+       151.924 692 u 
𝐺𝑒$+

:*       80.928 832 u 
 
 
 
Band of Stability Graph 
The graph below shows the band of stability.  The black dots represent all known stable isotopes. 
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