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Some background- journey to become 
a scientist 
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 From Albuquerque

 High school interests
 Music, science 

 University of New Mexico
 What to study?

 Music? Pre-med? 

Generally need science 
degree- biochemistry 



Biochemistry as a path to med school
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http://bmb.unm.edu/education/undergraduate/index.html



Chemistry research 
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Biochemistry- many pre-requisite courses 
in chemistry and biology

Chemistry was exciting (after gen chem!) 
Reaction mechanisms 

Changed major to chemistry



Undergraduate research possibilities 
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 Many options 
 At school of study 

 REU 

 Internship 



What next? 
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 Graduate School 
 Great option, but where to go?

 I applied to four schools: 



University of Washington was best fit 
for me 
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Graduate school experience 
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 Depends on school, but most are similar 
 UW Chemistry

 6 classes + research (4-5+ years)

 2 oral exams, each 2+ hours with 4-5 professors 

 Dissertation, Defense 

 Generally TA or RA



Graduate school experience 

9

 Not all work…



Organometallic (OM) chemistry 
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 Must have at least one metal-carbon bond



Application of OM complexes: 
Catalysis
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http://ch302.cm.utexas.edu/images302/Catalyst_effect.pn
g



Industrial uses of catalysts
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 Both homogeneous and heterogeneous catalysts are used

 Acetic acid

 Oxo process 

 Haber-Bosch
 Olefin polymerization

(same phase) (different phase)



Some challenges for OM chemistry 
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 Hydrocarbons- many uses

 What happens when we can’t easily use them (i.e. 
methane)? 

C

H

H
H

H



Converting methane into something 
that we can use is challenging
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 C-H bonds are strong!

 What if we could selectively break the bond? 

Labinger & Bercaw JOMC 2015, 793, 47. 



Some challenges for OM chemistry 
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 Hydrocarbons- many uses

 What happens when we can’t easily use them (i.e. 
methane)? 

 Or if many steps are required to synthesize?

C

H

H
H

H

~2 million tons/ year

Lawrence, S. A. Amines: Synthesis, Properties and Applications; Cambridge University Press, New York, 2004.
Eller, K.; Henkes, E.; Rossbacher, R.; & Hoke, H. “Aliphatic Amines” in Ullmann's Encyclopedia of Industrial Chemistry, Wiley-VCH, Weinheim, 2012, pp647-692.



Can we develop a catalyst to produce 
alkylamines? 
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Synthesis of model complexes
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Characterization of new complexes
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http://pruffle.mit.edu/atomiccontrol/education/xray/xray_diff_files/image006.gif



Nuclear Magnetic Resonance (NMR)
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Image source: Bruker 
Image source: Philips 



What happens if we heat? 
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 How does this happen (mechanism)? 

Concerted

SN2



Reaction progress
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1st order reaction 
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Concerted

SN2

 Need more experiments to rule out mechanisms 



Vary conditions- one at a time 
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 Formation of charged species should be more favored in more 
polar solvent

 Polarity should not have significant effect on concerted pathway

ε = 5.45 (PhBr) 

y = -0.0004x - 4.9579
R² = 0.9944

y = -0.0007x - 4.9398
R² = 0.9921
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PhBr
 kobs = 4.0 ± 0.1 × 10-4 s-1 (PhI)

 kobs = 6.6 ± 0.1 × 10-4 s-1 (PhBr)

 kobs is 1.7x faster in PhBr

W. M. Haynes, ed., CRC Handbook of Chemistry and Physics, 97th Edition (Internet Version 2017), CRC Press/Taylor & Francis, Boca Raton, FL.

ε = 4.59 (PhI)



After many more experiments… 
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 Two path mechanism (second path not shown)

SN2



Reaction with amines results in C-N 

bond formation
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What do we do with the results?
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Transition to inorganic materials
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 Iron nitride 



Magnetic components are large!
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Magnetics
Thermal 

management

Capacitors Semiconductor 
switches

B.J. Lyons, J.G. Hayes, M.G. Egan, Magnetic Material Comparisons for
High-Current Inductors in Low-Medium Frequency DC-DC Converters,
IEEE, 2007, 71.

 New soft magnetic materials could enable smaller/ more portable power 
electronics 



What is a soft magnet???
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Hard (permanent)magnet Soft magnet

Ms = saturation magnetization, Br = magnetic remnance
Hc = coercivity, µ = permeability



Development of soft magnetic materials
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Adapted from:  L.A. Dobrzański, M. Drak, B. Ziębowicz,  Materials  with specific 
magnetic properties,  Journal of Achievements in Materials and Manufacturing Eng. 
2006, 17, 37.

1900 1925 1950 1975 1990

Si steels

permalloy

soft ferrites

Fe & Co based amorphous alloys

nanocrystalline alloys (also Fe & Co based)



γ'-Fe4N meets all of the requirements 
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Magnetic Material
Js

(T)
(m) Cost

VITROPERM 

(Vacuumschmelze)
1.20 1.15 High

Metglas 2605SC 1.60 1.37 High

Ferrite (Ferroxcube) 0.52 5x106 Low

Si steel 1.87 0.05 Low

’-Fe4N 1.89 > 200 Low



Possible careers for an OM chemist
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 Universities 
 Professor, research assistant, lecturer, etc. 

 Industry

 National Labs & other govt. agencies 



Questions???
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