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Photochemistry has become an increasingly important enabling technology across synthetic 
chemistry, medicinal chemistry, process development and materials science. As the use of 
photocatalytic methods continues to expand, researchers require reactor platforms capable 
of delivering reproducible irradiation, controlled thermal management and scalable 
workflows. 
 
A recent academic benchmarking study from Imperial College London and BASF investigated 
the influence of photoreactor design on photon delivery and photochemical reaction 
performance. The work compared multiple commercially available photochemical reactor 
architectures using quantitative actinometry and representative photocatalytic 
transformations. 
 
The study reinforced several important principles relevant to modern photochemistry: 
• Efficient photon delivery is critical for reaction performance 
• Reactor geometry strongly influences reaction kinetics 
• Direct irradiation can improve photon transfer efficiency 
• Temperature control and mixing consistency are important for reproducibility 
 
These findings are highly relevant for laboratories seeking reproducible and scalable 
photochemistry workflows. 
 
The Asynt Illumin8 photochemical reactor aligns closely with these design principles through 
its direct irradiation architecture, controlled reaction geometry and flexible workflow 
compatibility. 

 
 

Photochemistry has undergone significant growth in recent years due to advances in LED 
technology and the increasing adoption of photocatalysis in synthetic chemistry. 
 
Modern photochemical methods enable: 
• Mild reaction conditions 
• Access to previously challenging transformations 
• Improved selectivity 
• Enhanced sustainability 
• Efficient catalytic activation 
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Applications now span a broad range of chemistry disciplines and industrial sectors.: 
• Pharmaceutical discovery 
• Medicinal chemistry 
• Agrochemical development 
• Process chemistry 
• Materials science 
• Academic research 
 
As photochemical methods continue to move from exploratory academic workflows into 
routine synthetic and process chemistry applications, the need for reproducible and 
standardised reactor platforms is becoming increasingly important. Small variations in 
irradiation geometry, photon delivery and thermal management can lead to significant 
differences in reaction performance between laboratories. The publication reinforces the 
importance of carefully engineered reactor systems capable of delivering consistent and 
reproducible photochemical conditions. 

 
 

Unlike conventional thermal chemistry, photochemical performance is heavily dependent on 
photon flux and irradiation geometry. 

Photocatalytic reactions are fundamentally dependent on efficient excited-state generation. 
Inefficient photon transfer can limit catalyst activation, reduce reaction kinetics and 
introduce variability into photochemical workflows. Reactor designs capable of maximising 
photon utilisation can therefore significantly influence reaction efficiency and reproducibility 
 
Key reactor design considerations include: 
• Light intensity and wavelength 
• Uniformity of irradiation 
• Distance between light source and reaction mixture 
• Optical path length 
• Temperature management 
• Stirring and mixing efficiency 
• Scalability and workflow flexibility 
 
As mentioned above, even relatively small changes in reactor architecture can significantly 
influence: 
• Reaction rate 
• Product conversion 
• Catalyst efficiency 
• Experimental reproducibility 
• Scale-up performance 
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One of the key observations from the academic benchmarking study was the importance of 
efficient photon transfer in photocatalytic workflows. The study compared direct irradiation 
reactor geometries with commercially available reflective reactor designs. 
 
The authors concluded that direct irradiation systems provided substantially improved 
photon delivery efficiency compared with reflective architectures. The publication also noted 
that the Asynt Illumin8 direct irradiation reactor compared favourably during actinometric 
evaluation. 

 
 

Photon delivery was evaluated using ferrioxalate actinometry, a widely used quantitative 
technique for measuring photon flux in photochemical systems. 

 

Figure 1. Ferrioxalate actinometry reaction 

10 seconds 8.71 × 10⁻⁶ mol 2.10 × 10⁻⁵ mol 
20 seconds 1.63 × 10⁻⁵ mol 3.92 × 10⁻⁵ mol 
30 seconds 2.43 × 10⁻⁵ mol 5.55 × 10⁻⁵ mol 

 

Table 1 – Comparison of Average Photons Delivered over Irradiation time. 

Across all irradiation intervals tested, the direct irradiation architecture delivered 
substantially higher measured photon flux. 
 
The results also demonstrated highly linear irradiation behaviour, supporting stable and 
reproducible light delivery. 
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The study investigated several representative photocatalytic transformations to evaluate 
how reactor design influence’s reaction kinetics. 
 

 

 

Figure 2. trans-Stilbene photoisomerisation benchmark reaction 

The photoisomerisation study demonstrated that direct irradiation resulted in: 
• Faster conversion 
• Improved early-stage reaction kinetics 
• Shorter reaction completion times 
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Figure 3. Phenyl bromide dehalogenation 

The dehalogenation study demonstrated that direct irradiation resulted in: 

• Significantly enhanced reaction rates under improved photon-delivery conditions 
• Faster product formation 
• More efficient photocatalytic performance 

 

 

Figure 4. Nickel-catalysed cross-coupling reaction 

This more complex photocatalytic system highlighted the importance of controlled 
irradiation and consistent photon flux showing: 
• Consistent photon delivery 
• Stable irradiation conditions 
• Temperature management 
• Controlled reactor geometry 
 

 
 

One of the central themes throughout the publication was the importance of reproducibility 
in modern photochemistry. 
 
The study highlighted several reactor characteristics that influence experimental 
consistency: 
 
• Controlled irradiation geometry 
• Consistent vial positioning 
• Stable temperature management 
• Uniform stirring performance 
• Reliable photon delivery 
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These factors are increasingly important for: 
 
• Reaction optimisation 
• Method development 
• High-throughput screening 
• Cross-laboratory reproducibility 
• Process development workflows 

 

 

The findings from the academic benchmarking study closely align with the engineering 
principles behind the Asynt Illumin8 photochemical reactor. The system has been developed 
to support reproducible photochemistry through controlled irradiation geometry, direct 
photon delivery and stable experimental conditions. 
 
As modern photocatalytic workflows become increasingly sensitive to reproducibility, reactor 
architecture is no longer simply a hardware consideration - it is an important experimental 
variable influencing reaction performance, consistency and method transferability. 

 
 

The principles highlighted throughout the publication are highly relevant to day-to-day 
photochemistry workflows where reproducibility, consistency and experimental 
transferability are increasingly important. 
 
Carefully controlled irradiation conditions can support: 
 
• Faster and more reliable reaction optimisation 
• Reduced experimental variability 
• Improved confidence during method development 
• More reproducible photocatalytic screening 
• Greater consistency between users and laboratories 
• Improved transferability of experimental conditions 
 

 
 

✓ Efficient photon delivery strongly influences photochemical performance 
 
✓ Reactor geometry plays a critical role in reaction kinetics and reproducibility 
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✓ Direct irradiation architectures can improve photon transfer efficiency 
 
✓ Consistent temperature management and mixing are important for reliable workflows 
 
✓ Modern photochemistry increasingly requires scalable and reproducible reactor platforms 

 

 

 
 

As photochemistry becomes increasingly integrated into mainstream synthetic workflows, 
reactor reproducibility and photon-delivery efficiency are likely to become critical 
experimental parameters rather than secondary equipment considerations. 
 
The academic benchmarking study reinforced the importance of efficient photon delivery, 
controlled irradiation geometry and reproducible experimental conditions in modern 
photocatalysis. The results demonstrate that reactor architecture can significantly influence 
photon transfer efficiency, reaction kinetics and experimental reproducibility. 
 
Importantly, the publication also highlights a broader challenge facing modern 
photochemistry: the need for standardised and reproducible reactor platforms capable of 
delivering reliable experimental performance across laboratories and applications. 
 
The engineering principles behind the Asynt Illumin8 photochemical reactor have been 
developed specifically around these requirements, supporting modern photochemistry 
workflows where consistency, reproducibility and efficient photon delivery are essential. 
 
As photochemical methods continue to expand across synthetic chemistry, medicinal 
chemistry and process development, carefully engineered reactor systems will play an 
increasingly important role in enabling reliable and reproducible photochemical science. 
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