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The question of where life originated has intrigued humanity for generations, but it is 

generally accepted that we are made from the same chemistry as the stars. Astronomical 

spectroscopy databases such as the Cologne Database for Molecular Spectroscopy (CDMS) are 

vital for understanding prebiotic chemistry. Astrochemists investigate the types and abundances 

of molecules in the molecular gas clouds where stars are formed to gain insight into the 

predecessors of complex biological pathways. Using radio telescopes, which are often also 

equipped with spectrometers, to observe protostellar sources, astrochemists obtain data that 

allows them to study the abundances of molecular species in space. Before researchers can 

quantify these molecules, however, they must first identify the spectral lines in their data to 

determine what chemical species are present. The identification of spectral lines is achieved by 

cross-referencing line frequencies with spectroscopy databases. Hence, it is crucial that these 

databases contain information about as many molecular transitions as possible.  

The need for an ever-increasing molecular transition data set has inspired me to conduct 

research that will contribute to CDMS, the most complete and highly-respected molecular 

spectroscopy database for astronomy. CDMS allows astronomers globally to study the evolution 

of chemical processes. Thus, I propose to engage in astrochemistry research that will expand 

CDMS in collaboration with Dr. Stephan Schlemmer at the University of Cologne in Germany. 

Dr. Schlemmer and his research group are highly involved in maintaining CDMS, and their work 

is influential and well-respected in the field of astrochemistry, resulting in over 100 peer-

reviewed journal publications and talks at international conferences in recent years. Recent 

publications are based on spectroscopic study of organic molecules such as methanol and acetic 

acid, as well as the detection of such molecules in space. Furthermore, Dr. Schlemmer’s research 

is directly incorporated into the type of astrochemical research I intend to pursue in my graduate 

studies.  

In Cologne, I will investigate complex organic molecules (COMs) using Terahertz (THz) 

spectroscopy to gain a quantum-chemical insight into COMs. Although THz spectroscopy is 

considered extremely insightful to chemical understanding in space, the THz region of the 

electromagnetic spectrum remains one of the areas least explored by astronomers. One problem 

that challenges radio astronomers at any range of frequencies is the lack of a complete catalogue 

of molecular transitions that can be identified by spectroscopy, and THz frequencies are no 

exception. My research would involve adding compiled data to CDMS to help solve this 

problem.  

My experience at the Harvard-Smithsonian Center for Astrophysics has given me a 

unique perspective to the problem of maintaining a thorough molecular database. At the Center 

for Astrophysics, I used CDMS to identify molecular transitions of COMs and other organic 

species. Hence, I have direct insight into spectroscopic research from Cologne used by 

astronomers in different parts of the world. In addition to being familiar to the types of data with 

which I will be working, I am practiced in interdisciplinary research and collaborating across 

institutional divisions that sometimes make interdisciplinary research difficult. As a chemistry 

and mathematics double major, I provide a different approach to thinking about astronomy 

problems, contributing to the diversity of the field. Additionally, my experiences from being a 

teaching assistant, a writing tutor, and presenting my work to a variety of audiences have helped 

me to be a better collaborator and communicator with people from different academic 

backgrounds and  cultures. I am also aware of some of the challenges of doing this type of 



astrochemical research, including the extremely different conditions between a chemistry 

laboratory on Earth and a molecular gas cloud. 

Although chemical conditions on Earth are not the same as those where COMs are 

formed, it is possible to excite molecules in the laboratory to undergo transitions that are the 

same as those taking place in space. Hence my project with Dr. Schlemmer will entail exciting 

molecules across a range of THz frequencies using rotational spectroscopy methods and 

recording the frequencies at which transitions occur. Specifically, the types of molecules being 

studied will include isotopologues and excited state species such as dimethyl ether, methanol, 

and ethanol. All of these molecules are abundant tracer molecules that generally indicate COM-

rich molecular clouds; hence identifying these molecules is extremely important for astronomers. 

A tentative timeline for researching these molecules is presented below. 

 

Duration Description  

Aug – Sep 2015 Begin formal language course; draft research methods; read publications 

and contact collaborators for insight on methods; order chemical standards 

Sep – Oct 2015 Test and revise proposed methods; begin to learn analysis tool(s) (software 

to be decided) for spectra of internal rotors, with aid of collaborators as 

needed 

Nov 2015 –  

Feb 2016 

Obtain THz spectra of COMs, as well as isotopologues as necessary; 

formulate line lists of molecules and transition frequencies 

Feb – May 2016 Analyze data using internal rotor treatments to determine upper state 

degeneracy, upper/lower energy levels, and Einstein coefficients 

May – Jun 2016 Compile research results; plan publications/presentations as called for 

 

To investigate the proposed molecules, my project requires spectrometers that can be 

used to excite molecules in the THz region of the electromagnetic spectrum. The spectrometers 

that I would have access to in Cologne are able to look at not only COMs, but their radical and 

ionic molecular relatives1. Specifically, the spectrometers are equipped with backward wave 

oscillators and far-infrared laser sideband systems, allowing the instruments to experiment at a 

frequency range up to 2 THz. In the event of a spectrometer malfunctioning, there are additional 

spectrometers onsite that I could use to carry out my experiments. Furthermore, since CDMS is 

managed by the astrochemistry groups in Cologne, I would have access to the best guidance for 

carrying out experiments to be contributed to the database. This includes being able to work with 

astronomers to understand how to best apply my chemistry research to be used for astronomy. 

Integrating my chemistry findings into CDMS is not the only anticipated outcome of this 

project. The work would also be published in a scientific journal, as well as likely be presented at 

a radio astronomy conference. The opportunity to further develop my German language skills 

would enable me to more fully immerse myself into the robust scientific culture of Germany. 

After my year as a Fulbright scholar, I intend to pursue a PhD in chemistry while conducting 

astrochemistry research. Not only would it be certain that I would use CDMS, but I may apply 

my laboratory research in Germany to my thesis project. I intend to continue to reach out to the 

public, incorporating my new insights from working in Germany. My project would contribute to 

the promotion of interdisciplinary and global scientific research in which I would serve as a 

liaison between the chemists and astronomers as well as an ambassador between the United 

States and Germany. 

                                                        
1 Glesen, T.F., Brünken, S., Caris, M. et al. 2006. Proceedings IAU Symposium No. 231 


