
chromophore, while the remaining energy is discarded with a set of neutral density filters. 
After excitation with the second pulse, fluorescence emission is collected at 90 degrees 
and imaged by a 77400 spectrograph onto an Intaspec IV CCD camera, both from ORIEL 
instruments. With this setup it is possible to obtain complete fluorescence spectra of the 
protein being studied (see figure 2) with 5 nanoseconds resolution -i.e. the pulse duration 
of the probe laser. To perform a complete kinetic experiment series of time-resolved 
fluorescence spectra are obtained by synchronizing the two lasers with a Stanford 
Research Systems DG535 pulse-delay generator. The actual time interval between the 
two pulses is directly measured with nanosecond photodetectors from New Focus Inc. 
and a Hewlett Packard 53131 A digital counter. Shot to shot energy fluctuations in the 
probe laser are measured by the nanosecond uv photodetector and registered in an ultra-
fast (500MHz) computer-card oscilloscope from Gage Instruments.  
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Figure 2) 5ns single-shot tryptophan fluorescence spectrum. Figure 3) temporal profile 

of the temperature-jump. 
 
To achieve more uniform heating across the path-length, the IR pulse exiting the OPO is 
split in two beams of equal intensity that arrive to the sample from the front and back 
after traversing paths of the same length. A 0.5 mm path-length cuvette is also used to 
ensure 70% transmission of each IR pulse. The infrared pulses have a 1 mm diameter, 
which results in heated volumes of ~200 nanoliters. The probe uv pulse is focused to 
diffraction limit, producing observation volumes of less than 1 nanoliter. The 
characterization of the temporal profile of the temperature jump using the temperature 
dependence of tryptophan’s quantum yield as an internal thermometer is shown in figure 
3. Temperature jumps are completed within 10 nanoseconds and stays constant for 6 
orders of magnitude. The magnitude of the T-jump can be varied in the range 3-30K by 
controlling the energy of the IR pulse between 6 to 50 mjoules.  
 


