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Introduction:  

The purposes of the Canadian Chemistry Olympiad program is to provide high school students 
with the opportunity to study and test themselves on advanced Chemistry topics and to prepare 
students for competition at the International Chemistry Olympiad. The questions on the take-
home exam are questions from the advanced topics identified by the IChO hosts. For IChO 2020, 
Turkey will be hosting. There are 25 problems posted on the IChO 2020 website, seven of these 
problems are part of the Take home exam.  

Please note that CCO participants should tackle these problems independently. Your ability to 
use critical thinking and advanced problem solving techniques will be essential if the CCO 
selection committee selects you for the IChO team. After completing and submitting the Take 
home exam, you should continue to solve the rest of the 25 problems.  

All of the reference material you need to solve the questions precedes the questions on this exam.   

The take home problems are due Friday, April 3rd at 12 noon Eastern Standard Time (EST). The 
CCO will not accept late submissions. Please ensure that all of your answers are legible and 
clearly organized. The CCO evaluators may not evaluate illegible or disorganized answers. 
Please ensure that you print your name is clearly at the top of every page. Scan your test, put 
CCO Take Home Exam – your name (First and Last) in the subject line and send the exam as 
one pdf file to both jpittlainsbury@utschools.ca and bussierg@chem.ubc.ca (in the same email).  

 

The CCO gratefully acknowledges the authors of these questions:  

ALANYALIOĞLU, Murat, Atatürk University 
ARSLAN, Yasin, Burdur Mehmet Akif Ersoy University 
AYDOĞAN, Abdullah, İstanbul Technical University 
BOZKAYA, Uğur, Hacettepe University 
BURAT, Ayfer Kalkan, İstanbul Technical University 
DAĞ, Ömer, Bilkent University 
DAŞTAN, Arif, Atatürk University (Chair of Scientific Committee) 
ELTUĞRAL, Nurettin, Karabük University 
GÖLCÜ, Ayşegül, İstanbul Technical University 
KANBUR, Yasin, Karabük University 
KILIÇ, Hamdullah, Atatürk University 
METİN, Önder, Koç University 
SARAÇOĞLU, Nurullah, Atatürk University 
TÜRKMEN, Yunus Emre, Bilkent University 
ÜNLÜ, Caner, İstanbul Technical University 
YILMAZ, İsmail, İstanbul Technical University 

https://icho2020.tubitak.gov.tr/icho-2020-hazirlik-sorular%C4%B1
mailto:jpittlainsbury@utschools.ca
mailto:bussierg@chem.ubc.ca
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Reference Material: Please note that all of the reference material for the 25 questions on the 
preparatory problems is part of this take home exam. You may not need to use all of the 
reference materials to solve the problems on this CCO take home exam.  

 

Physical Constants and Equations:  

Avogadro's constant, 𝑁𝑁𝐴𝐴 = 6.0221 × 1023𝑚𝑚𝑚𝑚𝑚𝑚−1 

Boltzmann constant, 𝑘𝑘𝐵𝐵 = 1.3807 × 10−23𝐽𝐽𝐾𝐾−1 

Universal gas constant, 𝑅𝑅 = 8.3145 𝐽𝐽𝐾𝐾−1𝑚𝑚𝑚𝑚𝑚𝑚−1 =
0.08205 𝑎𝑎𝑎𝑎𝑚𝑚 𝐿𝐿 𝐾𝐾−1𝑚𝑚𝑚𝑚𝑚𝑚−1 

Speed of light, 𝑐𝑐 = 2.9979 × 108𝑚𝑚𝑠𝑠−1  

Planck's constant, ℎ = 6.6261 × 10−34 𝐽𝐽 𝑠𝑠 

Faraday constant, 𝐹𝐹 = 9.6485 × 104 𝐶𝐶 𝑚𝑚𝑚𝑚𝑚𝑚−1  

Mass of electron, 𝑚𝑚𝑒𝑒 = 9.10938215 × 10−31 𝑘𝑘𝑘𝑘 

Standard pressure, 𝑃𝑃 = 1 𝑏𝑏𝑎𝑎𝑏𝑏 = 105 𝑃𝑃𝑎𝑎 

Atmospheric pressure, 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎 = 1.01325 × 105 𝑃𝑃𝑎𝑎 =
760 𝑚𝑚𝑚𝑚𝑚𝑚𝑘𝑘 = 760 𝑎𝑎𝑚𝑚𝑏𝑏𝑏𝑏 

Zero of the Celsius scale, 273.15 𝐾𝐾  

1 picometer (pm) = 10−12 𝑚𝑚; 1𝐴𝐴0 = 10−10 𝑚𝑚; 1 
nanometer (nm) = 10−9 𝑚𝑚 

1 𝑒𝑒𝑒𝑒 = 1.6 × 10−19 𝐽𝐽 

1 𝑐𝑐𝑎𝑎𝑚𝑚 = 4.184 𝐽𝐽 

1 𝑎𝑎𝑚𝑚𝑎𝑎 = 1.66053904 × 10−27 𝑘𝑘𝑘𝑘 

Charge of an electron: 1.6 × 10−19 𝐶𝐶  

Ideal gas equation: 𝑃𝑃𝑒𝑒 = 𝑛𝑛𝑅𝑅𝑛𝑛 

Enthalpy:  𝑚𝑚 = 𝑈𝑈 + 𝑃𝑃𝑒𝑒 

Gibbs free energy: 𝐺𝐺 = 𝑚𝑚 − 𝑛𝑛𝑇𝑇  

𝛥𝛥𝐺𝐺 = ∆𝐺𝐺0 + 𝑅𝑅𝑛𝑛𝑚𝑚𝑛𝑛𝑅𝑅 

∆𝐺𝐺0 = −𝑅𝑅𝑛𝑛𝑚𝑚𝑛𝑛𝐾𝐾
= −𝑛𝑛𝐹𝐹𝐸𝐸𝑐𝑐𝑒𝑒𝑐𝑐𝑐𝑐0  

 

Entropy change:  

∆𝑇𝑇 = 𝑞𝑞𝑟𝑟𝑟𝑟𝑟𝑟
𝑇𝑇

, where qrev is 

heat for the reversible process 

 

∆𝑇𝑇 = 𝑛𝑛𝑅𝑅𝑚𝑚𝑛𝑛 𝑉𝑉2
𝑉𝑉1

 (for 

isothermal expansion of an ideal 
gas) 

Nernst equation: 𝐸𝐸 = 𝐸𝐸0 + 𝑅𝑅𝑇𝑇
𝑛𝑛𝑛𝑛
𝑚𝑚𝑛𝑛 𝐶𝐶𝑜𝑜𝑜𝑜

𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟
 

Energy of a photon:  𝐸𝐸 = ℎ𝑐𝑐
𝜆𝜆

   

Integrated rate law 

Zero order:   [𝐴𝐴] = [𝐴𝐴]0 − 𝑘𝑘𝑎𝑎   

First order:   

𝑚𝑚𝑛𝑛[𝐴𝐴] = 𝑚𝑚𝑛𝑛[𝐴𝐴]0 − 𝑘𝑘𝑎𝑎 

Second order:   

1
[𝐴𝐴] =

1
[𝐴𝐴]0

+ 𝑘𝑘𝑎𝑎 

Arrhenius equation: 𝑘𝑘 = 𝐴𝐴𝑒𝑒−𝐸𝐸𝑎𝑎/𝑅𝑅𝑇𝑇   

Equation of linear calibration curve: 𝑦𝑦 = 𝑚𝑚𝑚𝑚 + 𝑛𝑛 

 

Standard deviation:  

𝑠𝑠 = �∑ (𝑚𝑚1 − �̅�𝑚)2𝑁𝑁
𝑥𝑥=1

𝑁𝑁 − 1  

Lambert–Beer equation: 𝐴𝐴 =  𝜀𝜀𝑚𝑚𝑐𝑐 

  



Last Name: __________________________First Name: ____________________________________ 
 
School: ___________________________________________________________________________ 
 
Province: _________________________________________________________________________ 
 

4 
 

 

 
 

 

 
  



Last Name: __________________________First Name: ____________________________________ 
 
School: ___________________________________________________________________________ 
 
Province: _________________________________________________________________________ 
 

5 
 

 



Last Name: __________________________First Name: ____________________________________ 
 
School: ___________________________________________________________________________ 
 
Province: _________________________________________________________________________ 
 

6 
 

 



Last Name: __________________________First Name: ____________________________________ 
 
School: ___________________________________________________________________________ 
 
Province: _________________________________________________________________________ 
 

7 
 

 



Last Name: __________________________First Name: ____________________________________ 
 
School: ___________________________________________________________________________ 
 
Province: _________________________________________________________________________ 
 

8 
 

Question 1: Woodward-Hoffmann Rules and Pericyclic Reactions 
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Question 2: Rate Constant Models and Kinetic Isotope Effect 
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Question 3: Acridine Orange/DNA Binding Interactions 
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Question 4: Particle in a Box Problem: Free Electron Model 
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Question 5: NMR, Symmetry, and Structural Analysis 
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Question 6: Atovaquone 
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Question 7: Arnt-Eistert Homologation 
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