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Introduction 
Understanding fundamental photo-induced proton-coupled 
electron transfer (PCET) reactions of small molecules is central 
to research ranging from solar fuels, biological signalling, 
and organic electronics. By combining spectral and kinetic 
information of the photo-generated excited states and radical 
species present, researchers are able to elucidate the PCET 
reaction mechanisms involved in these applications. The 
Edinburgh Instruments LP Transient Absorption Spectrometer 
is the world’s only commercial system capable of recording 
instantaneous spectral information utilising an ICCD camera, 
while then easily being able to switch to measuring kinetic 
data on a PMT detector – all under software control.  

Figure 1: The Edinburgh Instruments LP980 Spectrometer.

Research 
Researchers at the University of North Carolina, Chapel Hill, in 
the lab of Prof. Jillian L. Dempsey, have utilised an Edinburgh 
Instruments LP laser flash photolysis spectrometer equipped 
with an ICCD camera and PMT detector to record the 
spectral and kinetic PCET reaction mechanisms of a famous 
fluorophore, acridine orange (AO), with tri-tert-butylphenol 
(ttbPhOH) (J. Am. Chem. Soc. 2014, 136, 12221-12224).

Figure 2: PCET mechanistic pathways between photo-excited acridine 

orange (AO) and tri-tert-butylphenol (ttbPhOH).

Acridine orange is well known for its ability to stain DNA 
and RNA in cellular imaging, however, it also posses efficient 
intersystem crossing and a long-lived triplet state with a well-

defined radical cation; ideal for monitoring photo-induced 
PCET reactions. Phenols, such as tri-tert-butylphenol, have long 
been studied given their close resemblance to tyrosine and its 
importance in photosystem II solar harvesting, making this a 
perfect combination for fundamental photochemistry studies.

 

Figure 3: Photo-induced transient absorption spectra of 40 μM acridine 

orange during the PCET mechanism with 1 mM tri-tert-butylphenol 

(ttbPhOH) in acetonitrile; excitation was at 425 nm.

The defined spectral features (Figure 3) of each species during 
the PCET reaction with acridine orange is easily recorded 
using the ICCD camera, even noting the bathochromic shift 
from the triplet excited state (3AO) at 410 nm to the neutral 
acridine radical (AOH*) at 425 nm. Further concentration 
studies show drastic changes in lifetime, with increased tri-
tert-butylphenol (ttbPhOH) quenching the triplet acridine 
orange excited state (Figure 4).

Figure 4: Triplet lifetime of acridine orange in the presence of increased 

concentrations of tri-tert-butylphenol (ttbPhOH) in acetonitrile; lifetimes were 

recorded at 560 nm.

Conclusion
Utilising model compounds with distinguishable transient 
spectral features facilitates fundamental understandings of 
PCET events that could benefit new device designs for solar 
harvesting and better insights into biological signalling. The 
Edinburgh Instruments LP980 Spectrometer, with both ICCD 
spectral and PMT kinetic detectors is impeccably suited for 
these measurements, among many more.

Link to Article: https://pubs.acs.org/doi/10.1021/ja505755k  
Figures reprinted with permission from J. Am. Chem. Soc. 2014, 136,  

12221-12224. Copyright 2014 American Chemical Society.

A P P L I C A T I O N  N O T E  –  R E S E A R C H  H I G H L I G H T

https://pubs.acs.org/doi/10.1021/ja505755k 


edinst.com 
©Edinburgh Instruments Ltd 2019  
Words and logos marked with ® or ™ are registered trademarks or trademarks owned by Edinburgh Instruments Limited. Other brands and names 
mentioned herein may be the trademarks of their respective owners. Neither the whole nor any part of the information contained in, or the product 
described in, this document may be adapted or reproduced in any material form except with the prior written permission of the copyright holder. 

Stg02/01.2019

EDINBURGH 
INSTRUMENTS

2 Bain Square,  
Kirkton Campus, 
Livingston, EH54 7DQ 
United Kingdom

Tel: +44 (0)1506 425 300 
Fax: +44 (0)1506 425 320

sales@edinst.com

Customer support is 
available worldwide

U.S. SUPPORT

Tel: +1 800 323 6115 
Fax: +44 (0)1506 425 320

ussales@edinst.com

MANUFACTURED 
WITH PRIDE IN THE 
UNITED KINGDOM


