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Figure 1 The internal energy distribution of OH products from H,O
photodissociation at 115.2 and 117.5 nm. The progressions have been
assigned as OH ro-vibrational quantum states. Adapted from Ref. [24]
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Figure 2 The H+OH(X) product channel from H,O photolysis in the VUV absorption region. The time-of-flight spectrum (a) and total kinetic energy
release spectrum (b) from H,O photodissociation at 112.8 nm. (¢) The vibrational state population distributions of OH observed from airglow (black)
and from the H+O; reaction (red). (d) The vibrational state population distributions of OH from H,O photolysis at different wavelengths. Adapted from

Ref. [38]
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Figure 3 The O+H+H three body photodissociation channel forms
H,O photolysis in the VUV absorption region. (a) Schematic view of
oxygen production from water photochemistry. (b) The solar photon flux
on the early Earth and the absorption cross-section of H,O molecules. (c)
The wavelength-dependent quantum yield of the three-body dissociation
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Molecular photochemistry is essential for understanding chemical reaction mechanisms, serving as a cornerstone for both
interstellar chemistry and theoretical chemistry. In the early stages of cosmic evolution, many key small molecules have
electronic absorption spectra primarily in the extreme ultraviolet (EUV) range (50-200 nm). Photochemical reactions
driven by the EUV light are crucial for revealing the molecular evolution of the early universe and the origins of life.
Moreover, the EUV photodissociation of these molecules often involves highly excited electronic states, accompanied by
complex non-adiabatic effects, making them valuable for advancing theoretical chemistry. For many years, the study of
molecular EUV photochemistry has been limited by the lack of high-brightness, tunable EUV light sources and challenges
in high-resolution experimental detection. However, recent advancements have provided new opportunities for
exploration. The establishment of the Extreme Ultraviolet Free Electron Laser (EUV-FEL) at the Dalian Coherent Light
Source represents a significant leap forward, offering a powerful tool to study the EUV photochemistry of gas-phase small
molecules. This breakthrough enables researchers to investigate photochemical processes that were previously difficult to
probe. This paper focuses on the application of the Dalian Coherent Light Source to the study of interstellar water
molecules, which play a pivotal role in both cosmic molecular evolution and the origins of life. We systematically examine
the photodissociation dynamics of water molecules in high electronic excited states, providing new insights into the
reaction mechanisms involved. The study highlights new dissociation product channels, which are crucial for
understanding the chemical processes occurring in space. These findings may challenge and refine existing models of
molecular evolution in the cosmos. Water is a fundamental molecule in both terrestrial and extraterrestrial chemistry, and
its photodissociation in space plays a significant role in shaping the molecular environment of interstellar regions. By
investigating the photodissociation of water molecules in the EUV range, the study sheds light on the complex chemistry
occurring in the early universe. The new dissociation channels revealed could help explain the formation of complex
organic molecules in space, offering potential insights into the processes that may have led to the origin of life.
Furthermore, this paper discusses the broader implications of these findings for future research. The ability to precisely
probe the photochemistry of interstellar molecules enables a deeper understanding of the intricate processes that have
shaped the chemical landscape of the universe. The Dalian Coherent Light Source, with its tunable EUV capabilities, is
poised to become an invaluable tool for further exploring these complex photochemical reactions. In conclusion, the Dalian
Coherent Light Source is at the forefront of advancing our understanding of interstellar chemistry and cosmic molecular
evolution. Its unique capabilities open new frontiers in research, offering the potential to transform our understanding of the
molecular processes that contributed to the origins of life and the chemical diversity of the universe.

extreme ultraviolet photochemistry, photodissociation, free electron laser, interstellar chemistry
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