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Chem 4404: Radiation and Nuclear Systems Chemistry 
 
Course Instructor: J. Clara Wren 
 Professor of Chemistry  

NSERC/AECL (Atomic Energy of Canada Limited) Industrial Research 
Chair in Radiation Induced Processes 

 Office/Lab: ChB 016/ChB 040/ChB 038/ChB 036 
 Email: jcwren@uwo.ca 
 
 
Course Description: 
 
This course covers the nuclear reactions brought about by absorption of slow neutrons or by 
radioactive decay, and the chemical effects produced in a system by the absorption of ionizing 
radiation, alpha-, and beta-particles and gamma- and x-rays.  Sources of radiation, collision of 
high energy radiation with electrons in matter, differences between photochemistry (solute-
oriented) and radiation chemistry (solvent-oriented), the formation of ions and free radicals along 
the radiation tracks and the diffusion and chemical reaction kinetics of ions and free radicals are 
described at an introductory level.  Nuclear reactors, accelerators, medical radioisotopes and 
other applications of nuclear technologies are also described.    
 
Reference Books:  
 
 “Introduction to Radiation Chemistry” by Spinks and Wood  
 “Radiation Chemistry’ by Farhataziz and M.A.J. Rodgers 
 
Prerequisites: Chem 2384G 
 



   

 2 

Detailed Outline 
 

1. Definitions, Terms, Sources of Ionizing Radiation  
– Radiation Chemistry vs Photochemistry  
– Nuclear Chemistry and Radiochemistry  
– Radioactive decay, Half-life, First order reaction, Source strength 
– Alpha, beta, gamma-radiation, x-rays, high-energy particles 
– Accelerators, Synchrotron    

2. Nuclear reactors 
– How nuclear reactor works 
– Different reactor designs – PHWR, BWR, PLWR, AGR  
– Fuel, Coolant, Moderator, pressure vessel vs pressure tubes  
– Fission, fission products, neutron activation products 

3. Medical radioactive isotopes  
– Diagnostic and Imaging  
– Radiotherapy 

4. Initial interaction with matters – Particle (Photon) -Particle Collisions 
– Charged particles (, , etc) vs. Photons 
– Bremsstrahlung radiation, inelastic and elastic collision vs. photoelectric effect, 

Compton scattering, coherent scattering and pair production 
– Rate of Energy loss, Penetration length, Linear energy transfer (LET) 

5. Water Radiolysis  
– Time scale of physical, physicochemical, and chemical stages 
– Radiolysis products along the radiation tracks, homogeneous yields 
– Solvated electrons, and free radicals 
– Pulse radiolysis vs Steady-state radiolysis 

6. Applications of Nuclear Technologies 
– Nuclear reactor system chemistry and materials 
– Metal Clusters and nanomaterials – important in catalysis 
– Wastewater remediation – Advanced oxidation processes (AOPs) 
– Molecular formation in the interstellar medium/cosmic ices – the origins of life? 
– High performance polymeric materials by irradiation 
– Radio-sterilization of drugs  
– Food irradiation 
– Radiation damage to biomolecules, Chemical protection 
– Dosimetry 
– Radiotherapy  
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Evaluation: 
 
The final grade for the course will be determined by the following: 
 
Assignments throughout the term:  15% 
 
Report on Literature Review in three steps: 25%  
 

1. Preliminary Report due:   Wed 8:30 am, Nov 6, 2013 
2. Final Report due: Fri 8:30 am, Nov 22, 2013   

 
You are required to perform literature search, read at least four papers in one of the topics from 
the list I will provide under the subjects of radiation induced chemistry or nuclear systems 
chemistry, and summarize it in 6 typed pages (single-spaced, font size 12pt, 1” margins).  I will 
provide more specific instruction on the content of the report.   
 
15-min Presentation of your report to the class: 10% 
 

You will present your report to the class during the week of Nov 25, 2013.  The 15 min 
presentation will be followed by 5 min Q/A.   

 
One 2-h Mid-Term Tests: 25% 
 

Thur. Oct 24th at 7:00 pm - 9:00 pm, ChB 115 
 
Final Exam: 25% 
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Additional Administrative Notes: 
 
Plagiarism is a serious scholastic offense and more importantly a serious breach of scientific 
ethics in research. Any cases of cheating or plagiarism will incur appropriate penalties, 
possibly including failure in the course. 
 
Plagiarism: Students must write their laboratory reports, assignments and tests on their own and 
in their own words. Whenever students take an idea, or a passage from another author or student, 
they must acknowledge their debt both by using quotation marks where appropriate or by proper 
referencing such as footnotes or citations. Plagiarism is a major academic offence (see Scholastic 
Offence Policy in the Western Academic Calendar): 
 
http://www.westerncalendar.uwo.ca/western/web/2005(new)/ACADEMIC_RIGHTS_AND_RE
SPONSIBILITIES_305144.html 
 
It is the Department of Chemistry policy that when a student undertakes a test, an 
examination or any other evaluation procedure, they have deemed themselves fit to do so. 
Claims of distress or other medical issues after the fact will not be considered as the basis of a 
grade appeal.  
 
If you are unable to meet a course requirement due to illness or other serious circumstances, you 
must provide valid medical or other supporting documentation to the Dean's office as soon as 
possible and contact your instructor immediately. It is the student's responsibility to make 
alternative arrangements with their instructor once the accommodation has been approved and 
the instructor has been informed. In the event of a missed final exam, a "Recommendation of 
Special Examination" form must be obtained from the Dean's Office immediately. For further 
information please see: 
 
http://www.uwo.ca/univsec/handbook/appeals/medical.pdf 
 
A student requiring academic accommodation due to illness, should use the Student Medical 
Certificate when visiting an off-campus medical facility or request a Records Release Form 
(located in the Dean's Office) for visits to Student Health Services. The form can be found here: 
 
https://studentservices.uwo.ca/secure/medical_document.pdf 
 
Accessibility Statement 
 
Please contact the course instructor if you require material in an alternative format or if you 
require any other arrangements to make this course more accessible to you.  You may also wish 
to contact Services for students with Disabilities (SSD) at 661-2111 x82147 for any specific 
question regarding an accommodation. 
 
Students who are in emotional/mental distress should refer to Mental Health@Western 
http://www.uwo.ca/uwocom/mentalhealth/ for a complete list of options about how to 
obtain help. 


