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Single crystals are unique, being characterized by a well-defined three-dimensional

structure. This property makes them excellent model systems to mimic real-world

situations, but also to supplement solution–sample studies or model the (inter-)surface

environment. Therefore, it is understandable that crystallographic methods can be

applied to a great number of problems from a wide range of scientific fields, including

chemistry, physics, biology, medicine, materials science, geology, etc. In the early days of

crystallography, over 100 years ago, crystal structure determination based on X-ray

diffraction data constituted a challenge (Authier, 2013). The development of methods

over the years and novel technical solutions opened up new opportunities not accessible

before. Hence, crystallography can now be fairly easily combined with high-pressure,

multi-temperature or spectroscopic research. In this way, crystallographic studies have

gained additional dimensions and enabled investigations of materials behaviour under

various conditions. While structural studies have become nearly routine (even including

experimental charge–density investigations; Coppens, 2005), similar to high-pressure

structural research, which is now conducted by a large number of scientists, photo-

crystallographic studies are significantly less common. This does not mean, however, that

investigations of light and matter interactions are not important, but rather shows that

the experiments, especially the time-resolved ones, are usually very demanding, both

technically and in terms of data processing and interpretation.

Indeed, the importance of photocrystallographic studies cannot be overestimated.

Interaction of light and matter is a phenomenon crucial for processes which are relevant

industrially [e.g. solar (Grätzel, 2001, 2009) or photoelectrochemical cells (Coggins &

Meyer, 2016; Alibabaei et al., 2013)] or biochemically [e.g. light-induced biological

transformations in proteins (Schmidt, 2023) or photochemical reactions of biological

importance like retinene isomerization (Wald, 1968)]. Nevertheless, despite real break-

throughs towards the understanding of theoretical principles of light and mater inter-

actions, the description of real-world systems remains a challenging task. This is due to

the complexity of such systems; thus, theoretical predictions are often inaccurate or not

even feasible. The common point of light-induced processes is the energy of light con-

version into some other action, such as charge transfer within a molecule. This can further

trigger transformations in which the molecule changes its geometry, reacts with adjacent

moieties, changes its function, emits photons of a different energy, etc., which may then

translate into the properties of a material. Therefore, despite the great success of

advanced theoretical tools, independent experimental data are needed in order to track

light-induced processes occurring in molecular systems, as well as to verify the theoretical

modelling methods. The understanding of light-induced processes will then contribute to

our understanding of nature and shall stimulate materials design for specific applications.

Photocrystallography, with its roots in the 1950–60s, has many different faces

(Coppens, 2003, 2011, 2017; Hatcher & Raithby, 2013, 2014; Cole, 2008; Jarzembska &

Kamiński, 2023). It covers static methods which can be readily realised using a home

laboratory diffractometer and a simple source of light. In this way, metastable products of

light-induced processes can be determined. Nowadays, there are special light-delivery

assemblies which facilitate uniform crystal exposure to LED/laser light in situ on a

diffractometer (Kamiński et al., 2016; Yufit, 2017; Brayshaw et al., 2010). In turn, far more

complex is the problem of studying very short-lived photogenerated species. A very

important breakthrough came with strong X-ray sources – synchrotrons and, more

recently, XFELs (X-ray free-electron lasers) – capable of producing very short X-ray
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pulses of sufficient intensity (down to femtoseconds for

XFELs). Equally important was the development of high-

repetition and high-power lasers and advanced detectors. Via

synchronization of laser and X-ray pulses, it became possible

to track structural dynamics upon light excitation of the

sample. Such studies are challenging; however, the complexity

of the problem depends on the time-resolution and the sample

(protein, metal–organic framework, small-molecule crystal,

etc.) (Hatcher et al., 2022; Kang et al., 2024; Pandey et al., 2020;

Łaski et al., 2024; Spence et al., 2012; Ren et al., 1999).

Nowadays, more and more is becoming possible – data

handling software is being written, new technical solutions are

being applied [for some examples, see Henning et al. (2024),

Levantino et al. (2021), Milne et al. (2017), Palmer et al. (2019),

Yabashi et al. (2015, 2017), Hoshino et al. (2015) and Chollet et

al. (2015)], however, time-resolved photocrystallographic

studies are still rather unique and exclusive (Schmidt, 2021),

especially for small molecular systems (Kang et al., 2024;

Hatcher et al., 2022).

So as to broaden the community and encourage researchers

to use the methods, review articles showing the fundamentals

of the approaches, most significant examples of such studies,

but also guiding the reader through various stages of sample

preparation and experiment planning, are very much needed.

Some previous examples include introductions to high-pres-

sure studies (Katrusiak, 2008) or applications of charge–

density methods in chemistry (Koritsanszky & Coppens,

2001). For this reason, a review work by Hatcher, Warren &

Raithby (Hatcher et al., 2024) on methods in molecular

photocrystallography, being a part of the recently initiated

Best practice in crystallography series in Acta Crystallo-

graphica Section C: Structural Chemistry, is very important. It

constitutes a solid source of knowledge on how to approach

the problem, how to plan one’s experiment and how far one

can get nowadays. The authors explain the matter from scratch

and provide information on what to pay attention to. They

stress the importance of complementary methods for the

characterization of sample properties. The reader is given a

number of examples of both static and time-resolved research,

method development, problems and successes. Therefore,

researchers may get a feeling of what is currently possible to

achieve with their sample and, if needed, whom to ask for

collaboration thanks to a well-selected bibliography.

Currently, a lot is being done at large facilities to attract a

wider number of scientists and help them with regard to

experiment planning, data treatment and analysis. Almost

every major synchrotron is being considerably upgraded to

boost its performance and provide even more unique

capabilities. The recently improved sources include the

European Synchrotron Radiation Facility (ESRF) in France

and the Advanced Photon Source (APS) in the USA, whereas

Spring-8 (Super Photon Ring – 8 GeV, Japan) and DESY

(Deutsches Elektronen-Synchrotron, Germany) will be up-

graded soon. Furthermore, an increased amount of and new

science is being done on XFEL sources in terms of time-

resolved studies of various kinds. The experiments are

becoming more accurate and precise, while data collections

are much faster and automatic data treatment protocols are

becoming more user-friendly. Therefore, in order to make use

of the increased scientific capabilities and the financial

resources invested, new users will be more than welcome.

Furthermore, due to the vast development of detectors,

X-ray sources, etc., it is possible to do much more in the home

laboratory. This is also well described in the article by Hatcher

et al. (2024). Being involved in one of the first in-house time-

resolved photocrystallographic experiments realised in Philip

Coppens’ laboratory (University at Buffalo) (Trzop et al.,

2014; Kaminski et al., 2014; Deresz et al., 2021), it is great to

see new technical and methodological solutions (Casaretto et

al., 2017) which have proven that the pulsed X-ray source is

not necessarily needed and the hybrid pixel-array detector

(HPAD), with its fast-gating properties, can do a great job in

collecting data with millisecond time resolution (note that

later a similar approach was implemented at the synchrotron

as well; Hatcher et al., 2022). I am sure that we will shortly see

some great science out of that.

Hence, it would be a pity not to make use of these

achievements if they are becoming available at hand, espe-

cially when the importance of solid-state studies, as opposed to

solution, is increasing because many novel electronic devices

are solid-state devices (including thin single-crystal or poly-

crystalline films, etc.) or alternatively solid-state catalysts and

other materials of real-life applications. It is therefore extre-

mely important to teach and provide the scientific community

with such inspiring review articles collecting important

knowledge and showing the best practices in the field.

However, another aspect is to let people gain some hands-on

experience and the possibility to meet experts in the field. This

can be done via the running of various workshops, such as the

IUCr High Pressure Workshops, Zürich School of Crystal-

lography or European Crystallographic Schools (ECSs) (note

that some photocrystallography topics appeared during ECSs

in Nancy this year and in Warsaw in 2017). Unfortunately, in

the field of photocrystallography, despite its vast development,

not much has been done since the first event of this kind

(Workshop on Dynamic Structural Photocrystallography in

Chemistry & Materials Science) organized by Philip Coppens

in 2013 in Buffalo (more than 10 years ago!) (Trzop &

Jarzembska, 2013). Maybe it is high time to change that?
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Deresz, K. A., Łaski, P., Kamiński, R. & Jarzembska, K. N. (2021).
Crystals, 11, 1345.

Grätzel, M. (2001). Nature, 414, 338–344.
Grätzel, M. (2009). Acc. Chem. Res. 42, 1788–1798.
Hatcher, L. E. & Raithby, P. R. (2013). Acta Cryst. C69, 1448–1456.
Hatcher, L. E. & Raithby, P. R. (2014). Coord. Chem. Rev. 277–278,
69–79.

Hatcher, L. E., Warren, M. R. & Raithby, P. R. (2024). Acta Cryst.
C80, 585–600.

Hatcher, L. E., Warren, M. R., Skelton, J. M., Pallipurath, A. R.,
Saunders, L. K., Allan, D. R., Hathaway, P., Crevatin, G., Omar, D.,
Williams, B. H., Coulson, B. A., Wilson, C. C. & Raithby, P. R.
(2022). Commun. Chem. 5, 102.
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