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Introduction — Organic photochemistry started ‘outdoors’ on the
roofs of chemical institutes as a solar discipline in the 19% century.!
The potential of solar photochemistry was described over 100 years
ago by a pioneer in organic photochemistry, Giacomo Ciamician.? In
his visionary lecture “T'he Photochemistry of the Future” he imagined the
replacement of hazardous, at that time coal-based, processes with
clean, solar-driven alternatives.> A century has passed and his vision
remains largely unfulfilled. Recently, the call for sustainable and
climate-smart technologies has led to a revival of the sun as an energy
and light source.* Modern solar concentrators were furthermore
developed to accelerate reactions and increase space-time-yields.>
Likewise, cost estimation studies have demonstrated that solar
production can indeed operate economically.6

The Applied and Green Photochemistry Group at James Cook University
(JCU) in Townsville, Australia, has been at the forefront of solar
photochemical research and has realized solar transformations from
laboratory through to production scales.” Located in tropical North
Queensland, Townsville experiences over 300 days of sunshine per
year, which makes it a favorable location for solar research. The
current Solar Chemicals from and for the Tropics initiative of the group
builds on both of tropical Australia’s abundant natural resources,
sunlight and biomass, and utilizes these for the bulk production of
commercially and tropically relevant chemicals. Since sunlight
excludes most of the highly energetic UV light, solarchemical
transformations often proceed more cleanly and produce less side
products. Compared to lamp-driven processes, this commonly
reduces purification steps and results in better product qualities.
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Solar reactors — The group at JCU operates a number of solar
reactors for small to pilot-scale synthesis in sunlight (Figure 1).
Small-scale illuminations are still commonly performed following the
traditional ‘flask in the sun’ approach. Larger reactions are conducted
in custom-made 1 m? flatbed reactors (<8 L capacity) and a 2 m?
Compound Parabolic Collector (CPC; <50 L capacity). Both reactor
types use direct and diffuse light and are operated in circulation
mode. The unique “round-W” mirror shape of the CPC reactor
additionally allows optimal capture of sunlight.

As part of a recent commercialization grant, the Applied and Green
Photochemistry Group has synthesized pilot kilogram-batches of valuable
commodity chemicals, within 1-3 days of solar exposure using flatbed
or compound parabolic concentrator (CPC) reactors. The advantage
of operating several different size solar reactors, as seen below, is that
it allows for rapid feedback in process development, modifications
and refinements. Because of this our preliminary results have
received significant attention from local media and industry.

Based in costal North Queensland, the group at JCU is also
investigating applications of ‘solar floats’ (developed by Prof. Liu at
the University of Hawaii, USA).8 These devices use natural water-
reservoirs as heat-sinks and thus avoid the high cooling water
demand of conventional lamp-driven processes or heat exchangers
attached to solar reactors.

Figure 1. Matthew Bolte in between the solar reactors at James Cook
University in Townsville, Australia.
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Solar photoreactions — At JCU, the solar research activities are
focused on photooxygenations of renewable materials (Scheme 1).°
Air is commonly used as a safe and inexpensive oxygen source.
Likewise ethanol, a renewable resource from the sugar industry, is
employed as a non-hazardous solvent. The targeted commodity
chemicals are of particular economic value for tropical North
Queensland.
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Scheme 1. Selected photooxygenations investigated.

Sugarcane bagasse from the local sugar industry, for example,
represents an important fuel source and potential renewable
feedstock. The transformation of furfural, a bagasse-derived
compound, into high value chemicals is thus of strategic
importance.!® The photooxygenation of furfural into the versatile
building block hydroxyfuranone proceeds in one step, without the
need of further reduction.!! In contrast, elevated temperatures
furnish directly the corresponding alkoxy-derivatives as novel
fragrances.!? Similarly, Australia was a major producer of essential
oils, however, increasing pressure from Asia and customer demands
have seen a declining share of the world market. This has created a
need for value adding and diversification of product portfolios. The
conversion of essential oils into high end, natural fragrances thus
addresses this need and opens innovative new markets.!3> The
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transformation of citronellol to the important fragrance rose oxide,
for example, follows a simple three-step procedure.!* The crucial
photooxygenation step has been previously realized on large-scale
using concentrated sunlight. The conversion of B-pinene to the low
volume fragrance myrtenol via a two-step protocol is likewise
investigated at JCU.15

Conclusion — Tropical Australia offers excellent opportunities for
solarchemical research. Solar photooxygenations in particular allow
for the easy conversion of renewable materials from the local
agriculture and forestry industry into high-value chemicals of
industrial importance.
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