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Driving sustainable chemical transformations using solar energy remains a central
challenge in modern chemistry, particularly in achieving temporal decoupling
between energy capture and chemical conversion. Nature provides an elegant
solution to this challenge through photosynthesis. In this process, the Calvin cycle
produces carbohydrates not through direct illumination but by consuming energy
carriers such as nicotinamide adenine dinucleotide phosphate (NADPH) and
adenosine 5’-triphosphate (ATP) generated during the light-dependent reactions'.
Inspired by this concept, writing in Nature Chemistry, Peidong Yang and colleagues
at the University of California, Berkeley recently reported a photochargeable
semiconductor capable of storing photogenerated electrons and releasing them on
demand™. This capability allows chemical reactions to proceed even in the absence
of continuous light irradiation, enabling highly efficient and scalable
dehydrogenative coupling of amines into diamines with concurrent hydrogen
evolution.

An artificial system that mimics segregated energy utilization was developed using
zinc indium sulfide nanocrystals (ZIS NCs) as a model photochargeable material.
These nanocrystals are capable of storing photogenerated charges in long-lived trap
states [Figure 1A]"™, thereby decoupling light absorption from catalytic turnover.
Functioning similarly to solar batteries, they capture electrons generated under
illumination and retain them beyond the irradiation period. As a result, reactive
carriers are preserved over extended timescales and recombination losses are
suppressed, enabling transformations that are difficult to achieve with conventional
photocatalysts to be feasible'”. Notably, diamines are important building blocks for
polymers such as polyamides, epoxy resins and polyurethanes. Traditional synthetic
methods for diamines often involve harsh conditions, toxic reagents and generate
substantial waste, raising environmental concerns'*. In contrast, photocatalytic
dehydrogenative coupling using ZIS provides an efficient route in which two amine
molecules are coupled™?), releasing hydrogen gas as the sole byproduct where
hydrogen serves as a clean energy carrier, offering a more sustainable alternative.

'Department of Chemical and Petroleum Engineering, University of Calgary, Calgary, AB T2N 1N4, Canada.
?College of Materials and Environmental Engineering, Hangzhou Dianzi University, Hangzhou 310018, Zhejiang, China.

*Correspondence to: Prof. Jinguang Hu, Department of Chemical and Petroleum Engineering, University of Calgary, Calgary, AB T2N 1N4,
Canada. E-mail: jinguang.hu@ucalgary.ca; Prof. Yang Ding, College of Materials and Environmental Engineering, Hangzhou Dianzi
University, Hangzhou 310018, Zhejiang, China. E-mail: dingyang@hdu.edu.cn

www.oaepublish.com

Submit a Manuscript: https://ucenter.oaepublish.com


https://www.oaepublish.com
https://ucenter.oaepublish.com
https://dx.doi.org/10.20517/cs.2026.19
https://dx.doi.org/10.20517/cs.2026.19
https://crossmark.crossref.org/dialog/?doi=10.20517/cs.2026.19&domain=pdf

Page 2 of 5 Wang et al. Chem. Synth. 2026, 6, 55

otochargeable semiconductors enable dark photocatalysis
A B Photochargeable semiconduct ble dark photocatalysi
e . (ll) charge storage Catalysisin the dark
] \ il
CBl \ (@) § i R-NH,
A g €.l
Charging A Dischargin i a7 e St
0 A A R-NH-NH-R
(i) B- 2 G e RN &
VB al L AL ORI A
& < ) S S H,
\ / s Stored electrons release
Oxidation (i) and Discharging for nanocrystals
Charging (ii) reduction (iii)

Figure 1. (A) Schematic illustration of photochargeable semiconductors enabling temporally decoupled photocatalysis; (B) Photocatalytic
dehydrogenative coupling of amines over ZIS-based photochargeable catalysts. CB: Conduction band; VB: valence band; ZIS: zinc indium
sulfide.

Incorporation of nickel as a hydrogen evolution cocatalyst, deposited in situ on the ZIS NCs via
photoreduction of Ni**, enhances catalytic performance. Note that while ZIS NCs serve as photochargeable
electron reservoirs, the nickel cocatalyst provides catalytic sites for proton reduction, enabling the stored
electrons to be efficiently utilized for hydrogen evolution during the dark phase [Figure 1B]. Diamine
production rates exceed 120 mmol-g™-h™, with selectivity surpassing 95% and an apparent quantum efficiency
(AQE) of 39.4% under ambient conditions. Notably, the production rate substantially surpasses previously
reported semiconductor photocatalysts in amine dehydrogenative coupling reactions”, underscoring the
remarkable efficiency enabled by the photochargeable ZIS NCs platform. Interestingly, hydrogen evolution
persists for over 15 min after light irradiation is stopped [Figure 1B]. The presence of residual
photogenerated electrons in the ZIS nanocrystals was further confirmed by introducing ferricyanide
[Fe(CN),]* as an electron scavenger after light-off. The system also shows excellent scalability, maintaining

high efficiency on the tens-of-gram scales, along with robust recyclability over multiple cycles.

The exceptional photocatalytic performance originates from the unique photocharging behavior of the ZIS
NCs. UV-vis spectroscopy reveals that illumination induces electron accumulation, leading to excitonic
bleaching associated with conduction band filling, which is reversible upon oxygen exposure”’. Quantitative
analysis suggests that the stored electron density exceeds the conduction band capacity, indicating additional
charge storage in deep trap states. Upon illumination, photogenerated holes oxidize surface-bound amines,
while electrons are stabilized in sulfur-vacancy-associated trap states. Electron paramagnetic resonance and
operando X-ray absorption spectroscopy confirm that these vacancies act as long-lived electron reservoirs,
enabling charge persistence on the timescale of tens of minutes.

Such behavior fundamentally alters photocatalytic dynamics. Oxidation and reduction occur sequentially:
oxidation takes place at the catalyst surface under illumination, whereas reduction proceeds after the light is
turned off as trapped electrons are gradually released. The reaction proceeds via a-amino carbon-centered
radical intermediates'*’. Importantly, the highly reducing environment created by trapped electrons
suppresses overoxidation to imines by stabilizing radical intermediates, thereby ensuring high selectivity
toward diamines. Hydrogen evolution is simultaneously facilitated by the nickel cocatalyst, highlighting
efficient charge utilization between the semiconductor and cocatalyst.

Most importantly, the ZIS NCs photochargeable system exhibits broad substrate compatibility. A wide range
of aryl amines undergo efficient coupling to yield diamines in high yield and selectivity. Amino acid esters
are also readily converted, while secondary and tertiary amines, as well as dehydrogenative polymerization
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reactions, are also efficiently converted under similar conditions. Such versatility highlights the general
applicability of the photochargeable concept in both small-molecule synthesis and polymer construction
under mild conditions.

In summary, this work highlights the importance of storing and releasing photogenerated carriers in a
controlled manner. Integrating energy storage functionality into photocatalysts bridges solar energy
harvesting with chemical synthesis, allowing reactions to proceed independently of continuous illumination.
Therefore, photochargeable semiconductors offer a promising strategy to overcome key limitations in
conventional photocatalysis and open new avenues for sustainable chemical production.

Looking ahead, such systems provide a versatile platform for solar-driven chemical transformations ranging
from organic synthesis to solar fuel production. Nevertheless, several challenges remain, including extending
light absorption into the visible region, improving performance for non-aromatic substrates and integrating
such systems into continuous-flow or industrial reactors. Despite these limitations, we still remain optimistic
that the ability to separate light and chemistry opens new avenues for designing next-generation
photocatalytic systems.
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