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It is hard to overstate the scientific and technological impor-
tance of photochemical processes and reactions. The fundamen-
tal changes that molecules undergo following absorption of light
drives important process in wide ranging fields, from biology to
catalysis, photodynamic therapies to molecular machinery, cov-
ering the entire spectrum of the physical and life sciences. It is
a pillar of chemical reaction dynamics, which itself has a long
history that includes developments in spectroscopy, crossed-beam
techniques, femtochemistry, and extends to present efforts in ul-
trafast imaging, with many of these topics reflected in past Fara-
day Discussions. The overarching challenge facing photochem-
istry is that it is predominantly a non-statistical process, strongly
influenced by the quantum dynamics of the photoexcited system.
Complications include exponential scaling with the number of de-
grees of freedom, strong coupling of nuclear and electronic mo-
tion through nonadiabatic couplings and conical intersections,
tunneling, interference effects, and ultrafast time-scales. All of
this means that a detailed comprehension remains elusive.

In recent years, new experimental techniques capable of moni-
toring photochemical processes in unprecedented temporal, spa-
tial, chemical, and energetic detail have appeared. This is in
large part due to the development of intense-laser techniques,
the construction of free-electron lasers such as the XFEL in Eu-
rope and the LCLS in the USA, new sources of pulsed electrons,
and advanced detection techniques. The challenges associated
with making such measurements are manyfold, and analysis of
the signals produced is equally difficult due to the often complex
interactions of the pump and probe pulses, meaning that the sig-
nals cannot always be directly related back to the dynamics mea-
sured. This amplifies the complexity, and means experiment alone
is not enough to uncover the true dynamics. Progress in experi-
ments is therefore combined with new approaches and important
advances in theoretical modeling of quantum dynamics. These
have increased the scope and accuracy of the models such that
quantitative comparisons between experiment and theory can be
made in ever more complex systems and for increasingly complex
processes.

Many of these advances are developed by research communi-
ties not traditionally concerned with photochemistry. The pur-
pose of the meeting was therefore to gather key participants rep-
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resenting the full scientific scope of the topic and to set the agenda
for future research. The response from the community was over-
whelming, and nearly 120 delegates from 16 countries gathered
for this Faraday Discussion on Ultrafast Imaging of Photochemical
Dynamics at the historical Royal Society of Edinburgh on August
31st, 2016. The format of a Faraday Discussion meeting is ideal
for discussions that transgress the many emerging experimental
technologies and theoretical techniques, and provides an oppor-
tunity to identify the overlap and complementarity of different ap-
proaches, while also addressing specific areas of contention and
controversy. When reading this volume, it is important to remem-
ber that key insights and discussion points are often contained
within the discussion segments, and we strongly encourage read-
ers to not only explore the articles but also the associated discus-
sions contained herein.

Looking through this volume, a number of important trends
emerge rather clearly. The development of high harmonic sources
and free-electron lasers is beginning to give access to pulsed X-
ray radiation which opens the door for a wholesale import into
the ultrafast regime of an astonishing array of powerful tech-
niques, known for a long time in the synchrotron community.
One readily apparent advantage is that X-ray spectra are com-
paratively uncongested compared to the valence bands. Further-
more, the coherence of lasers increasingly makes non-linear and
multidimensional spectroscopies a viable proposition, even in the
X-ray domain. Various spectroscopies are also increasingly com-
plemented by ultrafast scattering, via X-rays or electrons, provid-
ing a powerful complementary view and more direct access to
the time-evolution of molecular geometry. At the same time, the
ultrashort pulse durations and high intensities attainable provide
alternative routes to structural information and allow us to mon-
itor some of the fastest processes in chemistry through Coulomb
explosion imaging and high harmonic spectroscopy.

With such an arsenal of methods, each providing a different
view of the dynamics, a combination of techniques is increasingly
used in order to attain a more complete picture of the dynam-
ics. Ultrafast imaging techniques are also used to target increas-
ingly complex systems, often including solvents or solid state el-
ements, and dynamic processes that evolve over many different
timescales. In terms of theory, it remains important for interpret-
ing experiments but is also used to charter new opportunities,
including the potential of light-matter interactions to alter pho-
tochemical outcomes. Interestingly, amidst the sustained and on-
going effort towards ever more complete and inclusive quantum
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molecular dynamics simulations, reduced dimensionality models
still remain useful. A point made during the discussion was for
the community to benchmark one theory against another in or-
der to clearly delineate the strengths and weaknesses of different
approximations and approaches.

The experimental and theoretical techniques that are now
available are transformative and provide a view of dynamics
structure that has previously been inaccessible, with new detec-
tion methods only just starting to be explored. Such is the pace
of development that it is important that we maintain a collabo-
rative international effort, combining multiple experimental and
theoretical approaches to obtain a consistent picture and bench-
mark their relative efficacy. While the continued development
will allow us to follow bond rearrangements directly, in larger
molecules and bimolecular reactions, in complex chemical and
biological systems and advanced materials, it is crucial that we
maintain our efforts to study small molecular systems in an ever
more complete manner. The level of detail and precision attain-
able provides the clearest opportunity to develop the general rules
and structural patterns that will provide a "bigger picture" under-
standing, allowing us to predict the key dynamic processes for
wide ranging molecular systems, even if the fine details and ab-
solute timescales differ. Ultimately, it would be fascinating if we
could reach a point where it becomes possible to design molecular
systems and light fields for a particular function.

We hope this volume serves as an enthusiastic call to arms for
the community to not only continue to invent ever better exper-
iments and theory for the study of ultrafast chemical dynamics,
but also to uncover any new simplicity that emerges from the in-
creasingly detailed data obtained.
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