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Arxada is committed to advancing chemistry through innovative technologies.
Photochemistry is emerging as a tool in synthetic chemistry, offering significant
sustainability advantages. As the world seeks greener and more efficient
processes, could photochemistry become an important part of the modern
chemistry toolbox?




Photochemistry: driving sustainable innovation in modern chemistry

Photochemistry is gaining momentum in synthetic
chemistry, as evidenced by the increasing number of
publications and research activities over recent years.
This technology leverages light as an energy source,
utilizes advanced irradiation technologies, and aligns
with key green chemistry principles. Its versatility spans
numerous transformations and provides novel synthetic
routes not accessible via thermal or electrochemical
methods. This paper explores why photochemistry is
transforming synthetic chemistry and how Arxada is
positioned to leverage this technology to deliver
greener solutions.

Traditionally, heat in the form of steam has been used to

drive chemical reactions in industrial settings, resulting in
significant greenhouse gas emissions due to combustion of
fossil fuels*?. In contrast, photochemical reactions use light as
the primary energy source, enabling chemical transformations
through photon-driven mechanisms rather than thermal
activation®. The electricity required to generate this light can
be sourced from renewable energy systems such as solar
panels, hydroelectric plants, and wind farms.

Figure 1: The 12 principles of green chemistry®.

By decoupling reaction energy from fossil fuel combustion,
photochemistry offers a pathway to significantly lower carbon
emissions and improved sustainability. Another important
aspect of photochemical processes is the choice of a light
source. Historically, mercury vapor lamps were the standard,
providing high-intensity UV light but posing significant
drawbacks, including high energy consumption, unwanted
heat generation and limited wavelength control. In recent
years, light-emitting diodes (LEDs) have revolutionized
photochemistry by offering precise wavelength tuning,
lower energy requirements, and minimal heat output. LEDs
also enable safer, more sustainable operations and can

be integrated into continuous-flow systems for improved
scalability and reproducibility®. Their long lifespan and
compatibility with renewable electricity sources further
enhance the green aspects of photochemical technologies,
making LEDs the preferred choice for modern synthetic
applications.
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Photochemistry naturally fulfills some of the key principles
of green chemistry (Figure 1), such as atom economy, design
of energy efficiency, reduction of derivatives, and catalysis.
\While not all green chemistry principles are automatically
achieved, many can be integrated through sustainability-
oriented smart process design®. The basic characteristics

of photochemistry make it possible to design processes
that consume fewer resources and generate less waste.
Beyond the environmental benefits, photochemical methods
possess the potential to simplify complex syntheses by
cutting down the number of steps required to produce
advanced molecules, a feature that can dramatically lower
costs and improve scalability. Furthermore, photoredox
catalysis, a subset of photochemistry that combines

light with redox-active catalysts, adds another layer of
sustainability by enabling highly selective transformations
under mild conditions®. Together, these developments make
photoreactions a frequently used tool in the context of green
chemistry”.

A fascinating aspect of photochemical reactions is their
diversity. As photochemical reactions are defined as such
by their source of energy, many different transformations
fall under the category of photochemical reactions. Figure
2 shows representative examples of [2+2]-cycloadditions®,
isomerization of double bonds'®, or photo(redox) catalysis®

The large number of photochemical reactions allow facile
access to many different chemical moieties, which may

be otherwise thermally inaccessible, harder to synthesize,
or require hazardous reagents. For instance, the formation
of cyclobutane through [ 2+ 2 ]-cycloaddition is
photochemically allowed but thermally forbidden'. Another
example of a photochemical reaction is photooximation™,
which allows the synthesis of lauryl lactam at a multi-ton
scale. In addition, photooxygenation is used in the industrial
synthesis of rose oxide®™. These examples demonstrate that
the diversity of photochemical transformations is mirrored by
the variety of products they can generate (Figure 2).
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Photochemistry, while a powerful and sustainable tool, does
not come without challenges. Scaling up photochemical
reactions is difficult due to limited light penetration in large
reactors, complex heat and mass transfer, and reproducibility
issues caused by variations in light sources. High equipment
costs and reliance on expensive photocatalysts add further
hurdles™. Continuous-flow photochemistry together with
modern light sources helps overcome these barriers by
ensuring uniform irradiation and precise control of reaction
conditions. Modular reactor designs allow numbering-up
instead of sizing-up, and flow systems also integrate inline
monitoring for better reproducibility and safety. These
advances have already been applied in production of
pharmaceutical ingredients and fine chemicals®.

arxada



Figure 2: Examples of photoreactions: a) Synthesis of cubane derivative (2) by [2+2]-cycloaddition, b) photoisomerization
of (E)-1-nitro-4-styrylbenzene (3)", c) photocatalysis using lignin (5) as starting material d) [ 2.+ 2 ]-cycloaddition of
ethen (9)%, e) photooximation of cyclododecane (11)%, f) synthesis of rose oxide (17) starting from 3,7-dimethyloct-6-en-1-ol

(14) using rose bengal (15).

a) [2+2]-cycloaddition:

b) Photoisomerization of double bonds:
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Arxada is committed to making its chemistry greener and
safer. Our R&D team actively explores innovative reactions,
aiming at implementing advanced sustainable alternatives

to conventional processes. Our Visp site benefits from the
Swiss power grid, which generates approximately 80% of

its energy from emission-free sources', further reducing

our environmental impact. Equipped with state-of-the-art
machinery in our laboratories, we can develop photochemical
processes in both flow and batch configurations. \With proven
expertise in scaling various chemical reactions from gram
quantities to multi-ton production, we combine technical
know-how with cutting-edge technology. This allows us to
develop and optimize novel processes, and pave the path to
industrial scale, delivering sustainable and high-performance
solutions for our customers.

Summary

Photochemical reactions represent a dynamic area of
research. Their appeal lies in the unique energy source -

light, combined with the ability to create diverse molecular
structures and the potential for sustainable, green processes.
Due to its versatility, photochemistry is becoming an
attractive tool in modern chemistry. At Arxada, we bring
extensive expertise in reaction development, both in flow
and batch processes, alongside a strong commitment to
green chemistry. Leveraging our agile CDMO (Contract
Development and Manufacturing Organization) approach and
tailor-made solutions, we are ready to unlock the full potential
of photochemistry for your product pipeline.
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Our offer

- Fully integrated CDMO services

- Proven expertise in scaling chemical reactions from
gram quantities to multi-ton production

- Experience in batch and flow chemistry

- Silver EcoVadis Medal 2025, advancing from Bronze in
2023, ranking Arxada in top 15% for sustainability

- Focus on what matters to you
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the subject at the date of publication, but Arxada makes no warranty as to its
accuracy or completeness and Arxada assumes no obligation to update it. All
information in this presentation is intended for use by recipients experienced
and knowledgeable in the field, who are capable of and responsible for
independently determining the suitability and to ensure their compliance with
applicable law. Proper use of this information is the sole responsibility of the
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