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Abstract

Mass spectrometry has become a key analytical tool for the online monitoring of chemical reactions.
Conventional approaches often suffer from sampling delays, labor-intensive pretreatment proce-
dures, and perturbations to the reaction system caused by the introduction of additional organic
solvents, making it difficult to obtain the true chemical reaction mechanism. In contrast, modern
mass spectrometric techniques, enabled by diverse ionization strategies, allow in situ, real-time,
and minimally invasive monitoring across a wide range of conditions, spanning from high vacuum
to atmospheric pressure, from solutions to solid surfaces, and from trace amounts to macroscopic
systems. Ionization methods such as electron ionization (EI), atmospheric pressure chemical ioni-
zation (APCI), and electrospray ionization (ESI) collectively constitute versatile analytical platforms
adaptable to different reaction types. These techniques enable continuous tracking of reactants, in-
termediates, and products, while revealing reaction pathways and mechanisms under near-native
reaction conditions. As a result, mass spectrometry has been widely applied in catalysis, organic
synthesis, biotransformation, and environmental degradation studies. Looking forward, further ad-
vances are expected toward higher spatiotemporal resolution and intelligent hybrid analytical sys-
tems.
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Figure 1. (A) Schematic of the FIA/APCI-MS system [10]; (B) Schematic of the Nano-ESI-MS system [18]; (C) Schematic
of the online time-resolved TiO2 photocatalytic LAESI-MS device [19]

[& 1. (A) FIA/APCI-MS A% RE=E[10]; (B) Nano-ESI-MS RGRE=EE([18]; (C) TELATE 4 ## TiO: JMELL LAESI-
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Figure 2. (A) Schematic of the workflow for studying heterogeneous catalysis using PSI-MS technology with embedded na-
noparticles [33]; (B) Schematic of the online reaction monitoring system of ESI-MS [27]; (C) Schematic of DESI-MS coupled
with a water wheel electrode system [1]

& 2. (A) BRAKFRIAY PSI-MS AR SHEL TIERIEREE33]; (B) ESI-MS &R N SN RGN RE
[#[27]; (C) DESI-MS & KEHBERARGEREE(1]
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Figure 3. (A) Schematic of PESI-MS device [38]; (B) Schematic of SCI-DSI-MS system [41]
3. (A) PESI-MS #ERZEE[38]; (B) SCI-DSI-MS A& REE[41]
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P, SEIILTOGT T R T 4 2 T R A8 S 2 PR SR M, E S T TR A AR BEE 5 e I Tk =R (1) 1E

FHIME . Santos 25 A [43 170 FH ey 0 SC e B B RIS B B RN il I S0 A5 e 55 LS, SRB 170
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(41 DESI. PESI. DART. LTP %), JiilfEsRidm THMHEFEE s, KR EA HMERr0
HALE e BSI RVIBARTEAEIL “HABEs” Rk, 78 MM AP 55 F RIRR A AL S 77 TR BR H
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