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Drucker Group Research 

Research activities in Steve Drucker’s group are carried out collaboratively with 2-5 

undergraduate students each year. We conduct our work within the discipline of physical 

chemistry. This area of chemical inquiry uses established models from the field of physics to 

analyze and predict the behavior of chemical entities (e.g. atoms and molecules) undergoing 

reactions.  An overarching goal in this field is to use physical insights to understand or control 

chemical reactions in a rational way, without resorting to trial and error. This ultimately allows 

chemists to obtain desired products efficiently and economically.  

The work of Drucker’s research team is focused on improving our understanding of 

photochemical reactions. During photochemical events, energy from the sun or other light 

sources is used to weaken targeted chemical bonds in a molecule and thereby promote reactions 

that could not occur at a reasonable rate under normal lab conditions.  

The key event in photochemical reactions is a process known as electronic excitation. In a 

laboratory environment, we accomplish electronic excitation by exposing a sample of molecules 

to the light from a high-energy laser. Through absorption of laser energy, the negatively charged 

electrons in a molecule are pulled away from the positively charged atomic nuclei (i.e., protons) 

to which they are naturally attracted. The attraction between the electrons and the nuclei—which 

forms the basis for chemical bonding—is disrupted, or weakened, in the process of electronic 

excitation. This makes molecules more susceptible to the bond-breaking that underlies nearly 

every chemical reaction.  

To predict the course of photochemical reactions, it is therefore desirable to learn how 

extensively the chemical bonds within an electronic excited molecule have been compromised. 

We are achieving this goal by using the experimental technique of laser spectroscopy. In the 

experiment we use a gaseous sample of the chemical compound under investigation. The sample, 

contained in a transparent glass tube, is exposed to a beam of laser light directed through the 

tube. We measure the amount of the laser light absorbed by the sample. We can also vary the 

wavelength (i.e., color) of the light to determine the dependence of light absorption on 

wavelength. We analyze this information by using well-established mathematical constructs that 

have been developed within the physics community. The analysis tells us, with high numerical 

precision, the extent to which specific bonds in the molecule are weakened in the photoexcitation 

process.  

This experimental information is immediately useful to investigators who wish to predict 

photochemistry via computational modeling. The field of computational chemistry has grown 

considerably in the past several decades as computers have become faster. It is now possible to 

use computer simulations to ascertain the possible products in a given photochemical reaction 

environment and to predict quantitatively the relative yields of the various products under the 

specified conditions. This information has great value for helping to design photochemical 
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reactions with the greatest product yields and minimal waste. An important caveat is that as 

computational chemists develop increasingly sophisticated modeling techniques, they constantly 

need to check their predictions against experimental data on electronic excited molecules. This 

process is necessary to validate a particular computational method or establish its limits of 

applicability so the method can be confidently applied to new, untested reactions. The 

experimental information gathered in Drucker’s laboratory satisfies this critical demand.  


