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Multi-timescale interface reaction kinetics of intermediates
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Picosecond Pulse Radiolysis – ELYSE, Pulse – Probe spectroscopy

Pulse duration 4 – 15 ps
Energy 6 – 8 MeV
Charge 1 – 7 nC
Frequency 5 - 20 Hz
Probe light 280 - 1500 nm
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Multi-timescale interface reaction kinetics of intermediates
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Direct time-resolved observation of surface-bound 

CO2
•– radicals on metallic nanocatalysts
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➢ The interfacial stabilization of CO2
•– radicals
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Theoretical calculation
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Ni without stabilization dynamics of CO2
•– radicals 
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Oxidation state effect
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J. Am. Chem. Soc., 2024, 146, 30164–30173.

Time-scale of surface-bound process: microseconds

of interfacial reactions : milliseconds
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Oxidation state effect
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CuI/Cuatom = –2.6 eV

CuI/Cumetal = –0.36 eV
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Rate constant calculations
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On different 5 nm NP(0.5 mM):

C0 ≈ 3 × 10–7 M
k ≈ 2.2 × 1010 M–1 s–1

On the same NP :

C0 = 2.7 × 10–5 M

k ≈ 2.4 × 108 M–1 s–1
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Interfacial Radical Dynamics by Pulse Radiolysis
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Interfacial dynamics

Selective conversion

Structure-property

relations

Mechanism

elucidation

Experimental

verification

Small molecule conversion
(CO, N2, NO3

– ……）

Time-resolved Interfacial Radical Dynamics

by Pulse Radiolysis

Key intermediates of CO2 reduction

CO + eaq
– → •CO–

HCHO + •H(•OH) → •CHO + H2(H2O)

CO + •H → •CHO

CO + •OH → •COOH +

HCOOH + •H(•OH) → •COOH + H2(H2O)

Key intermediates of nitrate reduction
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