With more light, chemistry speeds up
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applications, especially when dealing with highintensity light sources. These include, among
others, various microscopic imaging techniques,
ultra-fast spectroscopy and photovoltaics,
particularly if light-focusing devices such as solar
collectors are used," says Dr. Gonzalo Angulo (IPC
PAS).

Some chemical reactions can be accelerated by
increasing the intensity of illumination -- this has been
demonstrated by researchers from the Institute of
Physical Chemistry of the Polish Academy of Sciences
in Warsaw. Credit: IPC PAS, Grzegorz Krzyzewski

In light-induced reactions, a photon with the
appropriate energy excites a molecule of dye.
When there is a molecule of quencher near the
excited molecule, an interaction takes place. There
may be a transfer of energy, an electron or a
proton, between the two reactants. Reactions of
this type are common in nature. A good example is
electron transfer in photosynthesis, which plays a
key role in the formation of the Earth's ecosystem.

One factor that can influence the speed of reactions
is the intensity of the light that initiates them. In
order to study the nature of these processes, the
chemists used laser pulses lasting femtoseconds
instead of the traditional continuous stream of light.
The energy of the impulses was adjusted so that
Light initiates many chemical reactions.
the dye molecules moved into the excited energy
Experiments at the aser Centre of the Institute of
state. The pulses were grouped in pairs. The
Physical Chemistry of the Polish Academy of
interval between pulses in a pair was several dozen
Sciences and the University of Warsaw's Faculty of
picoseconds (trillionths of a second) and was
Physics have, for the first time, demonstrated that
matched to the type of reacting molecules and the
by increasing the illumination intensity, some
environment of the solution.
reactions can be significantly accelerated. Here,
researchers achieved reaction acceleration using
"The theory and the experiments required care and
pairs of ultrashort laser pulses.
attention, but the physical idea itself is quite simple,
here," notes Jadwiga Milkiewicz, a Ph.D. student at
In order to thoroughly investigate the nature of the
IPC PAS, and explains: "In order for the reaction to
processes involved, the researchers used ultraoccur, there must be a molecule of quencher near
short consecutive pairs of laser pulses. A high
the light-excited dye molecule. So if we have a pair
increase in the rate of reaction between the
of molecules that have already reacted with each
molecules was observed. The Warsaw scientists
other, it means that they were close enough to
have reported their findings in Physical Chemistry
each other. If, after the reaction, both molecules
Chemical Physics.
have managed to return to their ground state, the
absorption of a new photon by the dye has the
"Our experiments provide fundamental knowledge
potential to initiate another reaction before the
about the physical processes that are important for
molecules move away from each other in space."
the course of important light-induced reactions.
This knowledge can potentially be used in many
The course of reactions in solutions depends on
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many factors such as temperature, pressure,
viscosity or the presence of an electric or magnetic
field. The research at the IPC PAS has proved that
these factors also influence the acceleration of the
chemical reaction that occurs with an increased
intensity of illumination. Under some conditions, the
acceleration of the reaction was unnoticeable; in
optimal conditions, the rate of the reaction
increased by 25 to 30 percent.
"In our experiments so far, we have concentrated
on light-induced electron transfer reactions—that is,
those which change the electrical charge of the
molecules. However, we do not see any reason
why the mechanism we have observed could not
function in other variations of these reactions. So in
the near future, we will try to confirm its efficacy in
energy transfer reactions or in reactions involving
also proton transfer," says Dr. Angulo.
More information: Gonzalo Angulo et al,
Influence of the excitation light intensity on the rate
of fluorescence quenching reactions: pulsed
experiments, Phys. Chem. Chem. Phys. (2017).
DOI: 10.1039/c6cp08562h

Provided by Polish Academy of Sciences
APA citation: With more light, chemistry speeds up (2017, May 5) retrieved 26 June 2019 from
https://phys.org/news/2017-05-chemistry.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private study or research, no
part may be reproduced without the written permission. The content is provided for information purposes only.

2/2
Powered by TCPDF (www.tcpdf.org)

