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Introduction 

Transient-absorption spectroscopy whether in the UV-visible 

(1) or mid-infrared (2) is a powerful tool for studying transient 

species, enabling a wide breadth of research, from DNA photo-

oxidation, (3) to catalysis, (4) (5) and protein folding. (6) 

The ULTRA facility has introduced new UV-visible transient 

absorption capabilities.  The development enables, for the first 

time, 100 kHz time-resolved multiple probe UV-visible 

transient absorption spectroscopy (TRMPS).  As well as high 

signal to noise, the system is capable of measuring femtosecond 

to millisecond dynamics in a single experiment. 

Method 

The development uses the LIFEtime apparatus which is based 

on a 100 kHz dual-amplifier ytterbium laser system (Pharos and 

Pharos SP, Light Conversion Ltd.) (9). To maximize the UV-

visible continuum, both the fundamental and second harmonic 

of the amplifier (Pharos SP) are used.  The visible 

supercontinuum is generated by focusing a small fraction, 

1.5 µJ, of the fundamental output (1030 nm) into a calcium 

fluoride plate.  A UV-vis continuum is produced by focusing 

the second harmonic, 515 nm, 370 nJ, into the same material.  

The calcium fluoride must be moved in a raster pattern in the 

plane perpendicular to the direction of the beam to avoid an 

unstable continuum formed by colour-centre formation within 

the calcium fluoride.  An appropriate short-pass filter or dye 

solution is placed in the probe beam before the sample to block 

the residual 1030 nm or 515 nm beam. 

The second Pharos amplifier and its optical parametric amplifier 

(Light Conversion Orpheus-HP) is used to generate the pump 

beam.  The pump-probe timing control was achieved using the 

combination of oscillator roundtrip timing (providing steps of 

12 ns) and an optical delay line (covering the time delay span 

up to 12 ns) as described in detail in reference (9). 

The pump and probe beams are focused into the sample and the 

beams overlapped.  The spot sizes at sample are set to 30-40 µm 

and 60-100 µm FWHM for the probe and pump beams 

respectively.  Typical pump pulse energies are 200-300 nJ.  

After the sample the probe beam is focused into a Newport 

77400 spectrograph (Newport Corporation) and the spectrum 

detected with an OctoPlus line-scan camera (Teledyne e2v Ltd), 

with 2048 10×200 µm pixels.  The camera can sample the 

spectrum of every laser shot with a NI-PXI frame-grabber, at 

12-bit dynamic range. 

The repetition rate of the pump pulses can be controlled by the 

amplifier’s pulse picker and is typically set at 1 kHz, while the 

probe pulse repetition rate is kept at 100 kHz. This provides the 

multiple probe capability, where each pump pulse has 100 

probe pulses associated with it.  

Results 

Spectra of the continua obtained with calcium fluoride using the 

LIFEtime system are shown in Error! Reference source not 

found..  The cut-off at 950 nm is from a short-pass filter used to 

block the fundamental, while the gap at ca 515 nm is from the 

filter used to block the second harmonic. 

 

Figure 1  Spectra of continuum generated using both 515 nm 

driven (red) and 1030 nm driven (blue) calcium fluoride. 

As can be seen the continuum spectrum stops at just above 

350 nm.  This is either due to the coating on the sensor, the 

camera’s window or the sensor simply not being sensitive in 

this region. The gap in the 515 nm driven continuum at ca 

530 nm is caused by the dye solution used to block the second 

harmonic.  
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Figure 2  Offset difference spectra without sample, showing the 

noise level for 0.1, 1 and 3 seconds of data acquisition for the 

full UV-visible spectral region.  

Figure 2 shows the noise across the spectral range 330-900 nm, 

while Table 1 shows the root mean square, RMS, for difference 

spectrum across the two spectral regions for 0.1, 1 and 

3 seconds of data averaging, with the latter being a typical 

averaging time used in a single cycle of data acquisition.  As 

would be expected the noise is greater in the < 400 nm and 

> 850 nm regions of the spectrum where the light intensity is 

reduced. 

Table 1 

Acquisition time 0.1 s 1 s 3 s 

RMS 330-480 nm 3.8×10-4 1.2×10-4 6.9×10-5 

RMS 500-900 nm 2.5×10-4 7.9×10-5 4.4×10-5 

 

Transient absorption spectroscopy  

Error! Reference source not found. shows an example 

transient absorption spectrum recorded over the full UV-visible 

spectral range with the new set-up.  The sample is 

2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphryn ruthenium (II) 

carbonyl in dichloromethane. 

 

Figure 3  Unprocessed transient absorption spectra of 

2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphryn ruthenium (II) 

carbonyl in dichloromethane at a selection of pump-probe time 

delays indicated in the legend (in nanoseconds). The excitation 

is at 390 nm with a pulse energy of 250 nJ.  The notch filter 

used to eliminate the 390 nm pump beam obscures the spectrum 

in this region.  Total averaging time per time-delay is 

12 seconds. 

 

Figure 4  Kinetics of the transient observed at 460 nm for 

2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphryn ruthenium (II) 

carbonyl in dichloromethane.  The pump-probe delays 

represented in blue are obtained using a combination of optical 

and electronic delays, while the TRMPS delays are shown in 

red.  The inset shows a zoomed in view of the optical and 

electronic delays.  

Figure 4 shows the kinetics of the transient peak observed at 

460 nm.  The figure shows both the short timescale pump-probe 

delays achieved using the optical delay line, or combination of 

electronic and optical delay and the TRMPS delays provided by 

the additional probe pulse. 

Future improvements 

The possibility of removing or replacing the window on the 

OctoPlus detector is being investigated.  Clearly a more suitable 

window material which transmits UV light would be preferred.  

In addition, alternative filtering methods are being investigated 

to achieve a complete spectral coverage from 350-700 nm with 

the second harmonic driven continuum. 
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