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SUMMER 2014 RESEARCH PROGRAM 
CARLETON CHEMISTRY DEPARTMENT 

 
 
This summer the Carleton Chemistry Department will offer its continuing summer research program 
for Carleton students.  We expect to offer research positions to up to 15 new students.  For the most 
part, the new student researchers will come from the sophomore and junior classes.  Professors Gross, 
Kohen, Whited, Calderone, Drew, Chihade, Alberg/Hofmeister (jointly), and Hollingsworth, will offer 
projects that reflect their research interests.  The research projects offered by each faculty member are 
described at the end of this document.  In addition, a summer research recruiting seminar will be 
offered on Wednesday, January 29 in Olin 04 at 4:00 pm.  General information on summer research 
in the chemistry department will be presented along with brief introductions to the science each 
research group is pursuing. 
 
Dates of the Program:  Monday, June 16, through Friday, August 22, for a total of 10 weeks.  Each 
student will arrange starting and ending dates and summer vacation with his or her professor; these 
dates are usually flexible.  
 
Stipend:  $4,200 for 10 weeks.  
 
Expectations of Students by the Chemistry Department:  
A research position in our summer research program is a full-time position.  You should not plan on 
taking a second job during the same period.  
 
Each week you will be expected to attend a research conference with all of our summer researchers. 
Each student will give an oral presentation on his or her project at this weekly research conference.  
You may have the opportunity to give a presentation on your research at a state or national research 
meeting.  Following the summer of research, you will prepare a comprehensive written report and give 
a poster on your research at the fall Research Celebration at Carleton.  
 
Deadlines and How to Apply:  Submit an electronic application using the form titled “Summer 2014 
Research Application” available at the Chemistry Department’s web site.  Follow the directions on the 
electronic application form and rank order your preferences for research projects.  Also tell us how 
strong your preferences are and how flexible you are in accepting a position in the other research 
groups you list.  Before submitting your application, you should talk to individual professors in order 
to explore your interest in their research project.  Keep in mind that some professors will not invite a 
student to join their research group unless the student has taken the time to stop by, meet the professor, 
and discuss the research project.  The application is available electronically at 
https://www.surveymonkey.com/s/CHEMResearch2014; applications are due at midnight on Monday, 
February 17, 2014. 
 
On Wednesday, March 5, offers will go out to individual students in campus mail.  We will ask for 
your decision on our offer by Wednesday, March 12. 
 
Reasons to Participate in the Summer Research Program:  Research is considered by many to be at 
the pinnacle of intellectual endeavors as it is the main vehicle by which new knowledge is created.  
Research requires a demanding combination of intellect, creativity, endurance, and curiosity.  Many 
valuable skills are developed in the research laboratory.  Some examples include the ability to work as 
a member of a team, to operate sophisticated instrumentation, and to use available resources to become 
a life-long learner.  Research is also excellent preparation for graduate school, a career in the medical 
sciences, or a career in other scientific or quantitative fields. 
 
Choosing to do research at Carleton offers a number of advantages.  First of all, you will have the 
chance to get to know your professors much better.  In addition, you can start preparing for your 
summer research experience during spring term.  This additional preparation will improve the quality 
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of the research you can perform during the short ten-week summer.  Furthermore, if you wish, your 
research project can be continued as an independent study during the following academic year.  Some 
students at Carleton who have had the most positive research experiences have worked on their 
research projects over the course of two years.  Unlike the experience at a larger institution, colleges 
like Carleton offer research opportunities exclusively for undergraduate students.  At a larger 
institution, you would probably work most directly with a graduate student or post-doc, which is a 
good, yet different kind of experience.  At Carleton you are guaranteed to work closely with a 
professor and to have your peers as research colleagues.  
 
Life at Carleton and in Northfield is different during the summer than during the academic year.  You 
will be surprised by the pace, and you will be pleased to know that you will not need your down jacket 
and warm hat (you may want to buy a fan).  Many of the facilities (such as the gym, pools, weekly 
movies, etc.) at Carleton are open for summer programs.  We will have at least two expeditions; canoe 
trips, baseball games, Valley Fair, and tubing have been popular choices in the past. 
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INDIVIDUAL FACULTY RESEARCH PROGRAMS  
 
Deborah Gross:  The Chemistry of Atmospheric Aerosol Particles 

 
Positions for 1-2 new students 
 
The air around us is full of aerosol particles (small droplets or chunks of solids), which impact our 
lives in many ways.  These particles come from natural as well as anthropogenic (human) sources.  
They nucleate cloud droplets, they decrease visibility by scattering sunlight, and they impact our health 
when we inhale them.  Our research group works with an Aerosol Time-of-Flight Mass Spectrometer 
(ATOFMS), code-named “Gromit,” to obtain size and chemical composition information about the 
aerosol population in real time.  With this data, we hope to try to increase our understanding of some 
of the complex issues in the atmosphere. 
 

I hope to have one or two students work with me this 
summer.  Students working in my lab will get an opportunity 
to acquire ambient data in the Northfield area as well as to 
analyze ATOFMS data sets obtained in collaboration with 
groups at other universities around the world.  Our analysis is 
done using software development by Dave Musicant’s group 
in the CS Department at Carleton.  Our work in Summer 
2014 will include continuation of work on a modification to 
the ATOFMS to enable collection of optical emission data, an 
integration of analytical techniques that has not been done 
before, as well as laboratory studies to characterize the 
chemical composition of lab-generated particles based on 

those emitted by a variety of household activities (meat cooking, air-freshener use, etc.), as well as 
investigation of analysis methods that help us identify particle sources from the ATOFMS data 
signatures (an example of which is shown in Figure 2). 
 

 

Figure 2.  Wind-roses showing 
the wind-direction during times 
when the ratio of Se signal in the 
ATOFMS data and SO2(g), a 
marker for coal combustion, 
have similar or different trends.  
This data suggests a non-coal 
combustion source to the WSW 
of the sampling site. 

 
 
IF YOU ARE INTERESTED IN JOINING THESE PROJECTS, YOU SHOULD DO ALL OF THE FOLLOWING 
THINGS: 
• Come talk to me as soon as possible, to discuss the details of the research and to see the ATOFMS 

instrument.  Email to make an appointment.  I won’t accept anyone into the group unless we’ve 
talked about your interests, the projects, etc., and I will set up some group meeting times. 

• Plan to enroll in an independent study (Chem 394) in Spring, 2014, to prepare for the summer. 
 
  

 
Figure 1. The Carleton College ATOFMS. 
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Professor Daniela Kohen 
 

 I am a theoretical and computational physical chemist.  I am interested in the general area of 
dynamics in condensed phase (how atoms and molecules move and interact when they're not by 
themselves).  Currently, I am using atomistic simulations to understand and characterize at the 
molecular level how small gas molecules interact with pure CO2 on molecular sieve's pores, and how 
this interaction changes in the presence of other gases that are present in our atmosphere.  The goal of 
these studies is to provide a basic understanding of the use of molecular sieves as filters to remove 
CO2 from the atmosphere. 
In recent years the power of computational research has been shown to provide scientific insight that 
might not result from experimental research alone. The computational chemistry research we do 
together introduces students to the study 
of chemistry through the lens of 
molecular simulations, which provide a 
powerful tool in giving new meaning to 
familiar concepts.  It also serves as a 
reference point to understand not only 
the computational chemistry literature 
but also why the importance of this field 
as a tool for studying many problems 
keeps growing. The way my research 
group works is that we use computer 
programs (software) to investigate 
the chemical processed that occur in 
the systems we study. In doing this 
kind of research the learning curve is 
steep, but the results are very satisfying and my student collaborators make significant progress in their 
own projects while enjoying doing research. I anticipate that I might be able to invite up to two 
students to join my group.  If you are interested in joining us, please stop by to talk to me.  
 
 
  

CO2 density map within LTA (a zeolite) 
Free Energy profile 

within a pore of the ZK4 

zeolite 
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Professor Matt Whited: Synthetic Inorganic Chemistry and Catalysis 
 

Positions for 1–2 new students 
 

Research in my laboratory addresses problems related to energy and organic synthesis by focusing 
on reaction chemistry of late transition metals (Group 8–10).  All of the projects look for new ways to 
generate and utilize highly reactive complexes containing metal–element single, double, or even triple 
bonds (where element = carbon, nitrogen, silicon, boron, oxygen).  This summer, research projects in 
the Whited lab will be split into 2 subgroups, which use similar techniques but address different 
problems, as described below. 
 
Ambiphilic Metal Complexes for Cooperative Small-Molecule Activation 
Supported by ACS Petroleum Research Fund 

Ambiphilic molecules are ones that have both Lewis acidic and Lewis basic sites, such as the 
(aluminoamino)phosphine shown at the left in the figure below (phosphorus has a nucleophilic lone 
pair and aluminum is electrophilic since it only has 6 valence electrons).  These sorts of molecules are 
quite useful for activating small molecules that are relevant to energy science (such as H2, CO, and 
CO2). 

 
We are interested in extending the idea of “ambiphilicity” to metal complexes, such as the two 

shown at right above, containing bonds between electron-rich transition metals and electropositive 
main-group elements such as silicon, carbon, and boron.  Since transition metals can access a greater 
range of coordination numbers and oxidation states than organic molecules, we expect that these types 
of complexes will exhibit a rich variety of cooperative reactivity with simple organic and energy-
relevant molecules.  This interest has led us to investigate the coordination of silicon to several 
transition metals and allowed us to find some surprising (and interesting!) transformations, such as the 
release of H2 from a dihydrosilane upon formation of a Si–Cl bond (see below).  This summer, we will 
be extending these findings to determine how such facile bond breaking and forming processes at 
silicon can be implemented in useful catalytic cycles. 
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Reactivity of Silylamido and Silylphosphido Metal Complexes 
Supported by RCSA Cottrell College Science Award 

A second project is focused on exploring the reactivity of metal complexes containing remote 
nitrogen–silicon bonds.  Unlike the project above, where silicon facilitates transformations through its 
bonding with the metal center, the systems investigated here use the fact that Si–N bonds are relatively 
weak in order to deliver nitrogen groups to organic substrates, making new C–N bonds.  We have 
recently discovered the fascinating reaction shown below, where a rhodium disilylamide extracts 
oxygen from CO2 to form a new C=N bond. 

 
We have submitted a paper on our initial studies of the reaction above, and this summer we are 

hoping to extend these findings to other substrates, including other C=O bonds.  We are also intensely 
interested in the use of fluorine in these sorts of transformations, since Si–F bonds are exceptionally 
strong and may provide the thermodynamic driving force for some very unusual reactions.  Other 
projects will investigate the feasibility of driving C–N bond-forming reactions such as the one shown 
above using electrochemistry and targeting some very unusual Rh(II) complexes with Rh–N bonds for 
organic catalysis.  Our hope is that these studies will lead to new mild ways of incorporating nitrogen 
groups into organic molecules. 

 
What Will You Do? 

Both projects involve some amount of organic synthesis in order to prepare the desired ligands.  
You will also become (intimately) familiar with methods for manipulation of air-sensitive organic and 
inorganic compounds in our inert-atmosphere glove box and Schlenk manifold. 

Multinuclear NMR (1H, 11B, 13C, 15N, 29Si, and 31P) and X-ray crystallography will be our primary 
characterization techniques, though we will also use IR and UV-Vis spectroscopies and GC or LC/MS. 

NOTE: You do not need a background in inorganic chemistry to work on these projects.  
Familiarity with organic chemistry (through Chem 234) is sufficient, and we’ll cover the rest as we go. 
 

If you are interested in working in my laboratory, please do the following: 
• Set up an appointment to meet with me and discuss my research (I will not accept anyone as a 

summer research assistant who has not talked with me ahead of time). 
• Plan to enroll in an independent study (Chem 392) in Spring 2013 in order to do some 

background work to prepare for your research project. 
• Talk with one (or more) of the students who have recently worked in my lab: Alex Kosanovich, 

Christian Olivares, Eliza Green, and Zander Deetz. 
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Professor Chris Calderone:  Enzymology of Secondary Metabolism 
 

Positions for 1-2 students 
 
The Calderone lab is interested in deciphering the enzymatic logic of secondary metabolite 
biosynthesis.  Secondary metabolites are molecules that are produced by bacteria, fungi, and plants 
with a wide range of biochemical functions:  some secondary metabolites serve as toxins, others are 
signaling molecules, and many have unknown function.  Many secondary metabolites, including the 
antibiotics penicillin and erythromycin, the anticancer drug paclitaxel (licensed as Taxol), and the 
cholesterol-lowering drug lovastatin (licensed as Mevacor) have found value in the clinic. 
 
The focus of the Calderone lab is on understanding the enzymes that produce secondary metabolites in 
nature.  Ultimately, this work can have several impacts on our understanding of biochemistry:  (1) 
Many secondary metabolites are extremely structurally complex.  Understanding how they are 
produced may allow us to produce clinically valuable secondary metabolites more efficiently using 
enzymatic, as opposed to synthetic, strategies.  (2) In many cases, the production of secondary 
metabolites involves biochemical reactions that have not previously been observed; thus, there is great 
opportunity to discover completely new enzymatic reactions and biochemistry.  (3) As we characterize 
more and more secondary metabolite-producing enzymes, we can actually use this information to 
probe genome sequences for genes encoding related enzymes, and thereby potentially discover new 
secondary metabolites. 
 
In general, our work on a particular enzyme comprises several phases.  First, we use molecular biology 
techniques (PCR, gene cloning) to generate a DNA plasmid encoding the enzyme of interest; then, we 
use this plasmid to produce and isolate large amounts of this enzyme; finally, we characterize the 
enzyme’s activity and mechanism using a variety of analytical techniques.  Thus, students are exposed 
to several techniques over the course of a project and see how multiple experimental strategies can be 
brought to bear on a single scientific question.  The two projects we will be working on this summer 
focus on the production of the molecules rhizobitoxine and ECO-0501. 
 
I.  Rhizobitoxine.  Rhizobitoxine is a phytotoxin produced by Bradyrhizobium elkanii.  At least three 
genes are involved in its biosynthesis (Figure 1a):  an acyltransferase (AT) MetAX, the PLP-dependent 
enzyme RtxA, and a desaturase (DS) RtxC.  We have already obtained active MetAX and performed 
preliminary characterization of its activity.  Surprisingly, MetAX seems to accept multiple substrates, a 
behavior that is to our knowledge unique in this class of enzyme.  Current work is aimed at expressing 
RtxA and RtxC in active form. 
 
Interestingly, rhizobitoxine is 
known to inhibit an unrelated 
enzyme known as MetC.  MetC 
is necessary for the production of 
methionine, an amino acid which 
is essential for B. elkanii 
survival.  A second line of 
inquiry is to examine the variant 
of MetC found in B. elkanii in 
order to understand how it is able 
to remain active in the presence 
of large quantities of 
rhizobitoxine. 

 
Figure 1.  Biosynthesis of rhizobitoxine and inhibition of MetC 
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II.  ECO-0501.  ECO-0501 is a secondary 
metabolite isolated from Amycolatopsis 
orientalis, which also produces the 
crucially important “antibiotic of last 
resort,” vancomycin.  Analysis of the 
genes that encode the enzymes involved in 
ECO-02301 biosynthesis suggest that the 
initial steps in this pathway utilize an 
unusual strategy to convert the readily available amino acid arginine into 4-guanidinobutyryl-
coenzyme A which is subsequently incorporated into the final ECO-0501 structure.  We have 
successfully cloned four of the enzymes predicted to be involved in this conversion, and obtained at 
least one in active form (ORF7).  Work this summer will focus on expressing the remaining enzymes 
thought to be involved in this transformation. 
 
How to apply: 
 
Applicants should have taken Chem 234 prior to this summer and should plan to enroll in an 
independent study (Chem 394) in Spring 2014 to prepare for research in the lab.  For at least one of the 
openings, preference will be given to those with interest in continuing their work in the lab into 
summer 2015.  If you wish to apply to work in my lab, you must set up an appointment to meet with 
me to discuss your interest and background. 
 
  

 
Figure 2  Initial steps in ECO-0501 
biosynthesis 
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Professor Steven Drew: Materials Chemistry and CSSI Teaching 
 

Positions for 2 new students 
 
I will be hiring two students this summer to work in the research lab and to help me teach a three-week 
enrichment program for high school students called the Carleton Summer Science Institute (CSSI).  
Because of my commitment to the CSSI program I will be offering students in my lab five weeks of 
summer research followed by three weeks working in the CSSI program.  Briefly, CSSI 
responsibilities will include helping with a short course on materials chemistry that will be taught 
every morning for three weeks, helping students work on research projects in the afternoon, and 
interacting with the students outside the laboratory in informal settings.  More information about the 
CSSI program can be found at: http://apps.carleton.edu/summer/science/ 
 
In the research lab I am interested in the application of materials chemistry to analytical chemical 
measurements.  Currently, I am studying platinum(II) square planar extended linear chain (ELC) 
materials and their application in gas sensing.  Many of these platinum(II) ELC materials are 
crystalline, luminescent solids that selectively absorb gas phase molecules to form solvates.  Formation 
of the solvates leads to changes in solid-state luminescence, a feature that can potentially be used as the 
basis for a gas sensor. 

 
Figure 1. Crystal structures of 1 (A) and the benzene solvate of 1 (B) viewed 

looking down the Pt…Pt metallophilic interaction axis.  
 
This summer my research group will be continuing work on some derivatives of neutral platinum(II) 
ELC materials, Pt(II)(CNR)2(CN)2 where R = CH(CH3)2 (1), CH2CH2CH2CH3 (2), CH2CH(CH3)2 (3), 
or C(CH3)3 (4) to determine their solid-state reactivity in the presence of benzene vapor.  We have 
already studied aspects of benzene solvate formation at 1 and have structural data on both the benzene-
solvated and unsolvated versions (see Figure 1).  This work is already published.  I am interested in 

 

 

 

A. B. 
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completing similar studies on 2, 3, and 4 to determine if they have benzene-sensing characteristics 
similar to 1.  This will provide some insight into whether benzene solvate formation is a general 
feature of Pt(II)(CNR)2(CN)2 type ELC materials or only specific to 1.   
 
Students working on this research project will have the opportunity to improve their skills in chemical 
synthesis and synthetic characterization techniques like NMR, ATR-IR, and ESI-MS.  In addition, the 
college recently purchased a new X-ray diffractometer capable of studying crystalline thin films 
samples in a controlled atmosphere.  This instrument will allow us to examine the diffraction patterns 
of our platinum(II) ELC materials as they form benzene solvates.  These diffraction patterns will 
provide insight into the structural changes that accompany solvate formation.  Solid-state luminescence 
studies of platinum(II) ELC material thin films will also be performed to determine benzene sensing 
characteristics and benzene uptake solid-state kinetics. 
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Professor Joe Chihade:  Biochemistry of Aminoacyl-tRNA Synthetases and CSSI Teaching 
 

Positions for 3 new students on two projects 
 
Converting the information stored in DNA into functional proteins requires a set of enzymes that are 
common to all organisms, from bacteria to humans. Among the most important of these enzymes are 
the aminoacyl-tRNA synthetases (aaRSs). aaRSs enforce the genetic code by catalyzing the formation 
of ester linkages between amino acids and particular transfer RNAs (tRNAs), so that each of the 
twenty amino acids is only linked to the tRNAs that match the corresponding DNA codons. So, for 
example, alanine is only linked to tRNAs that 
match the codons GCU, GCC, GCA, and GCG. 
In most organisms, there are twenty aaRSs, one 
for each amino acid. Each one of these enzymes 
must differentiate between several potential 
amino acid and tRNA substrates, recognizing 
subtle differences between them.  
 
Project 1: In eukaryotes, there are two sets of 
aaRSs, one each for the cytoplasm and for the 
mitochondria, which have a distinct translational 
system. Interestingly, in animals, mitochondrial 
aaRSs have diverged from each other more rapidly than cytoplasmic aaRSs, so for example the 
mitochondrial alanyl-tRNA synthetases from worms and humans are very different from each other, 
while the cytoplasmic enzymes are quite similar. The large evolutionary divergence in mitochondrial 
aaRSs makes these enzymes attractive as potential drug targets for targeting parasitic worms, 
organisms that cause disease in more than a billion people worldwide. Last summer, working with high 
school students from the Carleton Summer Science Institute (CSSI), we identified several aaRSs from 
parasitic worms that might be interesting drug targets. This summer, the goal is to use molecular 
biology to clone the genes coding for those enzymes, and then express them in bacteria and purify 
them, again with help from CSSI students. I plan to have two new students to work on this project for 8 
weeks. We will get started during the first five weeks of the summer, and then during the next three 
weeks, the students will be involved as TAs for CSSI. 
 
Project 2: Some aminoacyl-tRNA synthetase use error-correcting “editing” domains to ensure that 
only correctly aminoacylated tRNAs are produced. These domains allow the enzymes to differentiate 
between structurally similar amino acids. In some cases, how these error-correcting domains work 
remains unclear. For example, alanyl-tRNA synthetase will incorrectly attach serine and glycine to 
alanine tRNAs, and then use the editing domain to remove the incorrect amino acids. What is unclear 
is whether this process requires the tRNA to dissociate from the enzyme and rebind in another 
orientation or if the tRNA can access both the catalytic and the editing site from one binding site. The 
two possible editing schemes are:   
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We are working in collaboration with Chris Francklyn at the University of Vermont to distinguish 
between these two possibilities. Prof. Francklyn’s lab has stopped-flow apparatus that is necessary to 
do the pre-steady state kinetics experiments that we’d like to do. The student who is works on this 
project will need to (1) apply for a Kolenkow-Reitz fellowship (applications are due on Feb. 14) and 
(2) work at University of Vermont (in Burlington) over the summer. During the spring term, we’ll do 
some reading and experiments in my lab to prepare for the summer research.  
 
  

tRNA   + AlaRS tRNA•AlaRS

Gly

Mis-acylation
Gly-tRNA•AlaRS Gly-tRNA + AlaRS

Gly-tRNA•AlaRS*

Rebinding in new 
orientation

Gly

EditingtRNA + AlaRS

Scheme 1 - Two binding events:

tRNA   + AlaRS tRNA•AlaRS

Gly

Mis-acylation
Gly-tRNA•AlaRS Gly-tRNA•AlaRS*

Gly

Editing

tRNA + AlaRS

Scheme 2 - One binding event:

tRNA 
conformational 
change
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Dave Alberg and Gretchen Hofmeister:  Organic synthetic methodology and mechanisms 
 

Position for 3-4 new students 
 
This student would be continuing with a recently initiated project in organocatalysis. Organocatalysis 
involves the use of small organic molecules to catalyze organic reactions that are valuable in synthesis.  
Of primary interest is the use of chiral organocatalysts to control the stereochemical outcome of these 
reactions.   
 
Transition State Analogs of Asymmetric Desymmetrization Reactions 
We are preparing stable transition state analogs (TSAs) of the likely transition state for asymmetric 
desymmetrization reactions, as shown in eq 1 below, and we will use NMR to study their interactions 
with the chiral catalysts for this reaction.  
 

 
 
This reaction is catalyzed by derivatives of the cinchona alkaloids and the catalyst (e.g. 3a, 3b) is 
thought to act as a general base by hydrogen-bonding to the alcohol, activating it for nucleophilic 
attack on the anhydride (Scheme 1). The rate-limiting step in this mechanism is expected to be 
formation of the high energy tetrahedral intermediate 4.  The Hammond postulate suggests that the 
transition state for this step should resemble the intermediate, and we plan to mimic this tetrahedral 
transition state with stable tetrahedral phosphorus derivatives, such as 5 (Scheme 1).  

 
Under the conditions employed in the catalytic 
desymmetrization reactions, TSAs such as 5 will form 
an ionic complex with the alkaloid catalyst.  The 
solution conformations and interactions of the resultant 
alkaloid-TSA complexes can be evaluated by NMR 
spectroscopy. By resolving our proposed TSAs into 
their component enantiomers, we can investigate each 
enantiomer’s interactions with the catalyst separately.  
Differences in these interactions can provide insight 
into the mechanism by which these alkaloids achieve 
their impressive enantioselective catalysis.  
Furthermore, they may enable us to qualitatively 
corroborate the stereochemical biases of the reactions, 
thereby providing a means for evaluating the TSAs as 
suitable models of the transition state.  
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Following this qualitative analysis, we will obtain more quantitative measurements of the differential 
binding of TSA enantiomers to the catalyst, by measuring association constants (Ka).  These methods 
will employ an analysis of NMR chemical shift changes or pulsed field gradient NMR measurements 
of diffusion coefficients (D) of the TSA-catalyst complexes, depending on which method provides the 
most reliable data.  We will then compare the relative binding constants of the two TSA enantiomers to 
a particular catalyst (Ka/Ka(ent)) with the enantiomeric excess for the catalyzed reaction.  A correlation 
between these values would indicate that our TSAs are reasonable mimics for the ASD reaction. 
 
The student working on this project will gain expertise in synthesizing transition state analogs, 
resolving the chiral TSAs into pure enantiomers, and studying the TSA-catalyst interactions by NMR 
spectroscopy.  
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Will Hollingsworth:  Multiphoton Ionization of Gas-phase Metal-containing Molecules 
 

 
This research explores the fundamental fragmentation pathways that isolated molecules in the 

gas phase follow as they absorb the energy of many photons from a fast pulsed laser operating in the 
visible and near ultraviolet, in what is called a multiphoton process. In a single laser shot, the masses 
of the different ionic fragments are distinguished by their arrival times at the detector in a time-of-
flight mass spectrometer (TOFMS). See the end for a few pictures of the set-up. In addition to the 
laser, vacuum, and mass-spectrometric techniques, other skills that you would naturally acquire 
include using LabView software to control equipment, understanding how to use an array of electronic 
components such as oscilloscopes, box-car averagers and photodetectors, and reading relevant research 
articles while thinking a lot about molecular orbitals and seeing quantum mechanics in action through 
spectroscopy and photochemistry. 
 

It is the absorption of many photons in the short time of a nanosecond laser pulse that breaks up 
the molecule all the way down to its smallest atomic and molecular fragments. The general dissociative 
pathway a molecule follows is determined by the nature of its electronic excited states (i.e. electronic 
wave functions) and metal carbonyls are known to follow neutral dissociation pathways before small 
neutral fragments are finally ionized. This forms the basis of the direct research question—namely, 
how do metal-metal bonds compete with metal-ligand bonds in the breakup. Consider manganese 
decacarbonyl, Mn2(CO)10, one molecule that we have been studying in our group. Two representations 
of its equilibrium structure from Spartan are shown: 

 

  
 

Mn2(CO)10 is described through the simplest molecular orbital viewpoint as being held together by a 
single Mn-Mn bond in addition to the 10 metal-ligand bonds. Although experimental findings have 
often conflicted, agreement is nonetheless converging on Mn2(CO)9 and Mn(CO)5 as the primary 
photofragments of Mn2(CO)10. However, the pattern of quantum yields determined in solution at 
different discrete wavelengths is still inconclusive.1 Gas phase data can help decipher the initial events 
by removing solvent effects. 
 

We have devoted significant time recently to improving the reliability of our setup to better 
measure quantitative patterns and one focus this summer will be to confirm some previous findings. 
For example, an anomalous pattern in fragmentation at the onset of accessing a different excited state 
was detected late last summer and it will be great to confirm this by shifting to a more convenient laser 
dye region where the laser power can be more carefully controlled. With the correct amount of 
averaging, we are finding that we can do careful assessments of the relative abundances of different 
fragments that are produced as the wavelength of the laser is tuned. 

 

                                                
1 Sarakha, M.; Ferraudi, G. Inorganic Chemistry 1999, 38, 4605-4607. 
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Although there are many constraints this summer (due to CSSI, going to a conference, and 
other travel), I’d still like to run a summer program to extend some of these recent results. Given these 
many constraints and the nature of this research, the best way to see if this research could be right for 
you is to come by, talk about your interests and your schedule for the spring and this summer, and see 
the laboratory. In particular, it will be critical to be able to commit in advance to significant prep work 
in the spring. Continuing the work in the next academic year would be terrific as well.  

  

Types	  of	  Lasers	  in	  Use

YAG	  laser—provides	  light	  
fixed	  at	  532,	  355,	  or	  266	  nm

Dye	  laser	  (pumped	  by	  YAG	  at	  
532	  nm)—provides	  tunable	  
light

Overview	  of	  Basic	  Experiment

Photons from 
YAG and/or dye 
lasers are used to 
produce fragment 

ions within the 
vacuum chamber

Signal from the 
TOFMS is sent to 

the oscilloscope for 
collection and 
computer for 

analysis

All of the timing 
for data collection 
is set by the time a 

detector reports 
that the laser has 
traveled through 

the chamber

 
 


