
Research Overview 

One of the major goals of chemists today is to conduct chemical reactions in which 

essentially no waste is produced.  The field of chemistry which aims to reduce 

waste, use catalysis, conserve energy and use less toxic reagents is referred to as 

“Green Chemistry”.  For every reaction type that exists today, chemists are 

conducting research to determine if the reaction can be conducted in an 

environmentally friendly way. 

Hydrogenation 

 

One of my research interests is focused on developing green organic chemistry 

laboratory experiments.    We have investigated a green hydrogenation catalyst, 

namely 0.5% Pd nanoparticles on a solid Al(O)OH matrix.  We have hydrogenated 

methyl trans-cinnamate in quantitative yield and this lab was class tested in our 

Organic Laboratory course, CHM 361.  This lab was published in the journal, 

“Chemical Educator.”  We are also investigating additional hydrogenation 

catalysts to provide students with the opportunity to conduct reactions with a broad 

array of catalysts.  



 

The solvent-less hydrogenation of methyl trans-cinnamate undergoes a significant 

color and consistency change during the 50 minute reaction time. 

 

Critical Thinking Skills 

 

Another interest of my group is to develop labs that teach students critical thinking 

skills.  A recent experiment that we developed was the application of thin layer 

chromatography to monitor the progress of a hydrogenation reaction.  The goal of 

this experiment was to provide students with the opportunity to determine how thin 

layer chromatography can be effectively implemented to monitor the progress of a 

reaction in a closed system. By using a guided inquiry approach, students learned 

that one option available to them was to use a 16G needle and a long micropipette 

to obtain a sample for TLC. 



 

 

By using an appropriate sized micropipette (30 µL) and 16G needle (top left 

picture), one can use TLC to analyze the reaction.  It is clear from the TLC plate 

that the reactant has been completely consumed when looking under UV light 

(bottom left picture) or after staining the TLC plate with KMnO4 solution (top right 

picture).  Only the reactant is UV active; the reactant also undergoes a reaction 

with KMnO4 to produce a yellow spot.  No spot in the right column indicates that 

no reactant is present and that the reaction has gone to completion. 

Suzuki-Miyaura Reaction for the Synthesis of Biaryls 



 

This is an important reaction in organic synthesis for the synthesis of biaryl 

compounds.  We are investigating the use of a new Pd catalyst in which Pd is part 

of a resin (SiliaCat Pd).  There are no flammability issues with this resin, unlike the 

potential dangers when using Pd on carbon as the catalyst.  The catalyst can be 

recycled.  The reactants for the Suzuki-Mikaura reaction are phenyl boronic acid 

and an aryl halide such as 4-bromonitrobenzene.  A substituted biphenyl 

compound is produced.  Vinyl halides can also be used. Additonal information can 

be obtained by reviewing the manufacture’s brochure: 

http://www.dichrom.com/downloads/Silicycle/SiliCycle-SiliaCat-Brochure.pdf and 

http://pubs.rsc.org/en/content/articlepdf/2011/cy/c1cy00119a 

 

Oxidation of Benzyl Alcohols to Aldehydes and Ketones 

 

Reagents for the oxidation of alcohols are often undesirable from an 

environmental point of view.  Reagents such as PCC and the chemicals used in the 

Swern oxidation are not environmentally friendly.  A recent report in the 

literature uses a Pd resin with the same functional group as the oxidation catalyst 

TEMPO.  We are investigating the reaction of this new resin for the oxidation of 

primary and secondary alcohols for use in an undergraduate organic chemistry 

lab.  An example of this reaction is the oxidation of substituted benzyl alcohols to 

http://www.dichrom.com/downloads/Silicycle/SiliCycle-SiliaCat-Brochure.pdf
http://pubs.rsc.org/en/content/articlepdf/2011/cy/c1cy00119a


yield substituted benzaldehydes. For additional information consult: 

http://link.springer.com/content/pdf/10.1007%2Fs11244-010-9542-4.pdf and 

http://chem.ch.huji.ac.il/avnir/abstracts/297.pdf  

Sonogashira Reaction  

The coupling of aryl or vinyl halides with terminal acetylenes catalyzed by 

palladium and other transition metals, commonly termed as the Sonogashira 

cross-coupling reaction, is one of the most important and widely used sp2–sp 

carbon–carbon bond formation reactions in organic synthesis, frequently 

employed in the synthesis of natural products, biologically active molecules, 

heterocycles, molecular electronics, dendrimers and conjugated polymers or 

nanostructures. 

 

A Pd resin is used in this reaction and the resin is also able to catalyze the 

hydrogenation of alkenes, the Suziki-Miyaura and Heck reaction.  Current efforts 

are underway to determine the exact reaction conditions that are needed in order 

to enable students to conduct this experiment in an undergraduate organic 

laboratory course. For additional information consult: 

http://pubs.rsc.org/en/content/articlepdf/2011/cy/c1cy00119a and 

http://www.dichrom.com/downloads/Silicycle/SiliCycle-SiliaCat-Brochure.pdf 

 

Improvements to Existing Labs 

1) Benzoin Condensation 

We are also interested in developing improvements in lab experiments that 

students typically conduct in an undergraduate laboratory course.  Student success 

in obtaining good yields of benzoin is highly variable when using thiamine 

hydrochloride as a catalyst.  Research in optimizing the benzoin condensation is 

currently underway during the summer and fall of the 2013-2014 academic year.  

http://link.springer.com/content/pdf/10.1007%2Fs11244-010-9542-4.pdf
http://chem.ch.huji.ac.il/avnir/abstracts/297.pdf
http://pubs.rsc.org/en/content/articlepdf/2011/cy/c1cy00119a
http://www.dichrom.com/downloads/Silicycle/SiliCycle-SiliaCat-Brochure.pdf


We are in the process of identifying alternative catalysts to afford benzoin in 

higher yield. A resin with an ammonium cyanide group is currently being 

investigated. (For addition information Google: Polymer Supported Cyanide as an 

Efficient Catalyst in Benzoin Condensation: An Efficient Route to α-Hydroxy 

Carbonyl Compounds by Ali Reza Kiasat,* Rashid Badri, and Soheil Sayyahi). 

Also see: http://www.organic-chemistry.org/namedreactions/benzoin-

condensation.shtm  

 

2) Grignard Reaction 

When students conduct a Grignard reaction, they are often frustrated because 

the initial formation of the Grignard reagent can be slow to form.  Our goal 

is for complete and timely conversion of PhBr to PhMgBr and for the yield 

of the reaction carbonyl compounds to be in the 60-80% yield.  We want to 

explore the use of the solvent 2-methyl THF, a green solvent.  Therefore, 

research is underway to determine if Grignard reactions can take the first 

step towards becoming greener by using 2-MeTHF instead of diethyl ether 

in a Grignard reaction.  Also see: http://www.organic-

chemistry.org/namedreactions/grignard-reaction.shtm  

 

An example of a Grignard Reaction 

 

 

Vernier Mini-Gas Chromatograph 

http://www.organic-chemistry.org/namedreactions/benzoin-condensation.shtm
http://www.organic-chemistry.org/namedreactions/benzoin-condensation.shtm
http://www.organic-chemistry.org/namedreactions/grignard-reaction.shtm
http://www.organic-chemistry.org/namedreactions/grignard-reaction.shtm


 

 

The mini GC allows one to determine the relative percentages of compounds in a 

substance.  It also allows one to follow the progress of the reaction by monitoring 

the decrease in concentration using the mini GC.  For additional information: 

http://www.vernier.com/products/sensors/gc2-mini/ .  Two videos are also 

available for viewing so you can see the importance of this technique in organic 

chemistry.  The only limitation to using the mini GC is the boiling point of the 

compound typically cannot be above 175˚C.  The number of projects that can be 

investigated with a mini GC is significant and the development of an 

undergraduate lab using the mini GC would be an excellent capstone project.  

For example, the dehydration of 4-methyl cyclohexanol produces more than one 

product.  By using a GC, the number of isomers produced in this reaction can be 

readily determined. 

 

http://www.vernier.com/products/sensors/gc2-mini/

