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Novel Applications of Ultrafast Laser Spectroscopy
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TThe scientifi c goal of our group is to understand  and con-
trol laser-molecule interactions. We use this fundamen-
tal understanding to control molecular reactivity, and 

develop a number of novel applications for lasers that include 
biomedical imaging, molecular detection and identifi cation 
and plasmonics. Five state-of-the-art femtosecond laser sys-
tems with MIIPS pulse shaping technology are used for our 
research. 

Some of our fun and challenging projects include:
• Development of multidimensional spectroscopic 

methods for remote identifi cation of chemicals;
• Exploring novel biomedical applications of non-

linear photonic control for selective two-photon 
microscopy and imaging through tissue;

• Developing methods for selective cleavage of 
chemical bonds using shaped laser pulses;

• Developing a system for single molecule micros-
copy and spectroscopy; 
 Exploring and controlling the nonlinear optical • 
properties of nanomaterials.

Ultrafast Lasers and Imaging. Th e laser pulses in our labo-
ratory are short enough to “freeze” the motion of atoms and 
allow us to see chemical reactions as they take place. Using a 
pulse shaper, we are able to tailor the phase of the individual 
wavelength components. Th ese shaped pulses can be used to 
control the quantum-mechanical aspects of laser-molecule in-
teractions. For example, we can control which molecules ab-
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sorb energy and which do 
not, an aspect we have 
used to achieve selective 
two-photon microscopy. 

One of our labs is 
dedicated to the interac-
tion of highly energetic 
lasers and molecules; the 
other is dedicated to im-
aging samples from single 
molecules, to single cells, 
to tissue. Th e application 
of “smart laser pulses” to 
nonlinear optical meth-
ods opens some very 
interesting possibilities. 
Among the possibilities 
are seeing through scat-
tering materials such as 
skin, paper, and clouds. 

We are also exploring 
the biomedical and home-
land security applications 
of some of these laser de-
velopments. Our projects 
range from fundamental 
research to applied tech-
nology, leading to com-
mercialization.
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One of the more challenging real world problems 
is the remote identifi cation of hazardous mol-
ecules. Here, we couple the multidimensionality of 
femtosecond pulse shaping with CARS (Coherent 
Anti-Stokes Raman Scattering) spectroscopy to 
develop a fast and reliable laser-based method for 
remote detection of explosive materials.
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Th ese images illustrate the use of 
ultrashort (~10 fs) shaped pulses in 
two-photon microscopy. Selective 
excitation of subcellular structures 
such as actin (blue) and mitochondria 
(green) in HeLa (human cervical 
cancer) cells is illustrated in the 
top two images, obtained without 
fl uorescence fi lters. Th e bottom fi gure is 
a combination of the top two images.


