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Fall 2012          Chemistry 1000 Practice Midterm #1B            ____/ 55 marks 
 
INSTRUCTIONS: 1) Please read over the test carefully before beginning.  You should have 

7 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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punishment would include expulsion from this university.    
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1. What does the term “equivalent dose” mean?  Why is this concept useful?        [2 marks] 
 

 

 

 

 

 

 

 

2.  Balance the following nuclear reactions.              [3 marks] 
 Note that you will need to infer some products. 
(a) 64Ga emits a positron. 

 

 

 

(b) 239U decays to 239Np. 

 

 

 

(c) 232Am undergoes spontaneous fission, producing 85Kr, two neutrons and another nucleus. 

 

 

 

 

 

3. Complete the following table:              [6 marks] 

Symbol Z N Stable? (yes/no) Predicted Type of Decay* 

Rh45
103      

 35 53   

Ar18
32      

 *If you have indicated that an isotope is stable, do not fill in the box for its “predicted 
type of decay”. 
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4. For each of the following species, write the ground state electron configuration. 
 Use the noble gas abbreviation.            [3 marks] 
(a) Zr 

 

 

(b) Fe3+ 

 

 

(c) S2– 

 

 

 

5. Complete the following statements by filling in the blanks.          [3 marks] 

(a) Zr has _____ core electrons and _____ valence electrons. 

 

(b) Fe3+ has _____ core electrons and _____ valence electrons. 

 

(c) S2– has _____ core electrons and _____ valence electrons. 

 

 

6. Draw and label a complete set of 3d orbitals.             [5 marks] 
 Each orbital must be drawn on a labeled set of axes and must show relative phase. 
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7. Protactinium (Pa) has a ground-state electron configuration of [Rn] 7s2 6d1 5f2. [8 marks] 
(a) What is unusual about this ground-state electron configuration?           [1 mark] 
 

 

 

 

 

(b) Provide a valid set of quantum numbers for each of the valence electrons in an atom of Pa 
by completing the table below.              [4 marks] 

electron n l ml ms 

7s     

7s     

6d     

5f     

5f     

(c) Explain the difference between the terms “diamagnetic” and “paramagnetic”.    [2 marks] 
 

 

 

 

 

 

 

(d) Is a neutral atom of Pa diamagnetic or paramagnetic?            [1 mark] 
 

 

 

8. For each of the charges below, give an example of an element whose most stable ion has 
that charge.  You may give the name or symbol for the element.         [2 marks] 

 __________________ makes a dication (+2 charge). 

 __________________ makes a monoanion (-1 charge). 
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9. Answer the following questions concerning the Bohr model of the atom.        [5 marks] 
(a) It is only possible to calculate the energy of electrons in atoms of one neutral element 

using the Bohr model of the atom.  What is this element?  What is the relevant difference 
between this element and every other element?            [2 marks] 

 
 
 
 
(b) Briefly explain how the observation of line spectra was used as experimental evidence 

against the Rutherford model of the atom, requiring development of a new atomic model 
(the Bohr model).                [3 marks] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. A sample of boron is analyzed by mass spectrometry and found to have the following 
composition: 

Isotope Mass Abundance 

10B 10.012 937 u 19.8% 

11B 11.009 305 u 80.2% 

 Calculate the molar mass of this sample of boron to the correct number of significant 
figures.                [2 marks] 
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11. Copper metal has a threshold energy of 7.5×10-19 J.  A sample of copper is struck with a 

photon and an electron is ejected with a kinetic energy of 1.30×10-18 J.        [6 marks] 
(a) Calculate the maximum possible wavelength of the photon.            [4 marks] 
 Express your answer using an appropriate SI prefix so that the value is between 0.1 and 

1000. 
          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) What kind of electromagnetic radiation is this?             [1 mark] 
 

 

 

 

(c) This question describes an example of what phenomenon?            [1 mark] 
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12. Heavy nuclei are made by very high-energy processes in supernovae, but also by slower 

neutron capture processes (accompanied by some number of beta decays) in very old and 
large stars (red giants), where a number of nuclear reactions occur that produce neutrons.  

 For example, 95Zr is made in red giants when 94Zr captures a neutron.        [5 marks]  
(a) Calculate the energy change per mole for this process.            [4 marks] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Is this process energetically favorable?                [1 mark] 
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13. Most smoke detectors contain approximately 37 kBq of americium-241 (241Am).  241Am 

is an alpha emitter with a half-life of 432 years. The alpha radiation ionizes the air 
entering the detection chamber, which allows a small current to flow. Ions tend to stick to 
smoke particles, which reduces the current. If a current drop is detected, the alarm 
sounds.                [5 marks] 

(a) A typical smoke detector will remain in service for 8 to 10 years.  What will the activity 
of the 241Am source be after 10 years?               [4 marks] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Based on your answer to part (a), do you think that the 10 year recommended lifespan is 
due to loss of radioactivity or to other factors (aging of electronics, etc.)?          [1 mark] 

 

 

 

                   



NAME:____________________________  Student Number:______________________ 
 

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 
 

νλ=c    νhE =   mvp =   
p
h

=λ    
π4
hpx >∆⋅∆  

 
 

Z
narn

2

0=   2

2

n
ZRE Hn −=   2

2
1 mvEk =    

 
 

2mcE ∆=∆   
t
NA
∆
∆

−=   kNA =  ( )12
1

2ln ttk
N
N

−−=







  ( ) 2/12ln tk ⋅=  

 
 
Some Useful Masses      Band of Stability Graph 

Zr95
40     94.908 042 u 

Zr94
40     93.906 314 u 

α4
2       4.001 506 179 u 

p1
1       1.007 276 467 u 

n1
0       1.008 664 916 u 
 
 
  
 
 
 
 
The graph at the right 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
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