
 
  

 
 

Notice of the Final Oral Examination  
for the Degree of Master of Science 

 
of 
 

NATALIE DEAN 
 
 

BSc (University of Victoria, 2015) 

 
 

“Mass Spectrometry, Mechanisms, and Molecular Models: 
Combining Research in Mass Spectrometric Reaction Monitoring and 

Chemical Education” 
 
 
 

Department of Chemistry 
 
 
 

Tuesday, May 1, 2018 
9:00 A.M. 

Elliott Building 
Room 305 

 
 
 
 

Supervisory Committee: 
Dr. J. Scott McIndoe, Department of Chemistry, University of Victoria (Supervisor) 

Dr. Lisa Rosenberg, Department of Chemistry, UVic (Member) 
 

External Examiner: 
Dr. John Lee, Department of Chemistry and Geoscience, Camosun College 

  
Chair of Oral Examination: 

Dr. Nikitas Dimopoulos, Department of Electrical and Computer Engineering, UVic 
 

Dr. Stephen Evans, Acting Dean, Faculty of Graduate Studies 

 



 

Abstract 
 
This thesis combines work in the areas of mass spectrometric reaction monitoring and 

chemical education.  

In the first part of this thesis, electrospray ionization mass spectrometry is applied to 

the real-time mechanistic analysis of the Hiyama cross-coupling reaction, in particular, 

the fluoride-mediated rearrangement of phenylfluorosilanes that was found to occur 

even before catalyst addition. Combining Ph3SiF with a fluoride ion source under 

typical Hiyama cross-coupling conditions causes rapid formation of the expected 

[Ph3SiF2]–; however, ESI-MS analysis reveals that phenyl-fluoride exchange occurs 

concomitantly, also producing substantial quantities of [PhnSiF5–n]– (n=0-2). The 

exchange process is verified using 19F NMR spectroscopy. This observation may have 

implications for Hiyama reaction protocols, which use transmetallation from 

triaryldifluorosilicates as a key step in cross-coupling. Optimization of the methodology 

used for real-time analysis by ESI-MS to reduce observed contamination from leaching 

of rubber septa additives is also discussed.  

In the second part of this thesis, the development and application of two different 

approaches for generating molecular models for the teaching molecular geometry and 

VSEPR theory in first year chemistry is reported. Chapter 4 details a method for the 

application of handheld 3D printing pens for producing models from ABS plastic. In 

Chapter 5, the development of laser-cut acrylic model kits is detailed, as well as the 

design and results of a quantitative study aimed at assessing their effectiveness for 

improving representational competence and comprehension of molecular geometry. 


