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Scanning Probe: nc-AFM vs. STM

Simultaneous Imaging of Si and O
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Reactions in Confined Space

Water Formation

3



Experimental Setup
SMART

R. Fink et al. J. Elec. Spec. Rel. Phen. 84, 231 (1997)
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• Energy resolution: 180 meV
• Lateral resolution: 2.6 nm (LEEM), 18 nm (XPEEM) 
• Temperature range: 100 ÷ 2000 K;
• Pressure range: 10-11 ÷ 10-5 mbar;
• Photon range: 80 ÷ 1500 eV
• surface sensitive
• temporal evolution
• multi-method: microscopy-diffraction-spectroscopy

SMART:  Spectro-microscope with 
aberration correction  for many relevant techniques



Chemistry in confined space
H2 intercalation at closed Silica films: real time observation

Schwoebel barrier for diffusion

Annealing @ 550 K in p(H2) = 1 x 10-6 mbar 

1 µm
M. J. Prieto, H. W. Klemm, F. Xiong, D. M. Gottlob, D. Menzel, T. Schmidt,, HJF Angew. Chem. Int. Ed 57, 8749 (2018)



Activation energy Ea for water reaction 

Chemistry in confined space
H2O formation at closed Silica films: real time observation

BL Silica/Ru(0001) – confined space:
Ea= 0.27 ± 0.02 – 0.32  ±0.02 eV
Bare Ru(0001):
Ea= 0.50 - 0.55 eV

Activation energy Ea for water reaction

M. Prieto, H. Klemm, F. Xiong, D. Gottlob, D. Menzel, Th. Schmidt, H.-J. Freund; Angew. Chem. Int. Ed. 57, 8749 (2018)
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Chemistry in Confined Space

Modelling Elementary Reaction Steps by DFT
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reaction coordinate

𝜕𝜕𝜕𝜕𝐻𝐻
𝜕𝜕𝜕𝜕

= −2𝑘𝑘−1𝑛𝑛𝐻𝐻2 + 2𝑘𝑘1𝑛𝑛∗2 − 𝑘𝑘2𝑛𝑛𝐻𝐻 𝑛𝑛𝑂𝑂 − 𝑘𝑘3𝑛𝑛𝐻𝐻 𝑛𝑛𝑂𝑂𝐻𝐻 + 𝐷𝐷𝐻𝐻
𝜕𝜕2𝜕𝜕𝐻𝐻
𝜕𝜕𝑥𝑥2

𝜕𝜕𝜕𝜕𝑂𝑂
𝜕𝜕𝜕𝜕

= −𝑘𝑘2𝑛𝑛𝐻𝐻 𝑛𝑛𝑂𝑂

𝜕𝜕𝜕𝜕𝑂𝑂𝐻𝐻
𝜕𝜕𝜕𝜕

= 𝑘𝑘2𝑛𝑛𝐻𝐻 𝑛𝑛𝑂𝑂 − 𝑘𝑘3𝑛𝑛𝐻𝐻 𝑛𝑛𝑂𝑂𝐻𝐻

𝜕𝜕𝜕𝜕𝐻𝐻2𝑂𝑂
𝜕𝜕𝜕𝜕

= 𝑘𝑘3𝑛𝑛𝐻𝐻 𝑛𝑛𝑂𝑂𝐻𝐻 − 𝑘𝑘4𝑛𝑛𝐻𝐻2𝑂𝑂

𝑛𝑛∗ = 𝑛𝑛0 − 𝑛𝑛𝐻𝐻 − 𝑛𝑛𝑂𝑂 − 𝑛𝑛𝑂𝑂𝐻𝐻 − 𝑛𝑛𝐻𝐻2𝑂𝑂

𝑛𝑛O𝑚𝑚𝑚𝑚𝑥𝑥 = 𝑛𝑛0

𝑛𝑛H𝑚𝑚𝑚𝑚𝑥𝑥 = α 𝑛𝑛0

𝑛𝑛OH𝑚𝑚𝑚𝑚𝑥𝑥 =
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Dr. Denis Usvyat (HU), M.Sc. Thomas Mullan (HU) and Dr. Mark Schlutow (FU)

Max. density of free sites:
𝑛𝑛0 = 𝑛𝑛∗𝑚𝑚𝑚𝑚𝑥𝑥 = 3
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Kinetic equations

M. J. Prieto, T. Mullan, M. Schlutow, D. M. Gottlob, L. Tanase, D. Menzel, J. Sauer, D. Usvyat, T. Schmidt, HJF, JACS 143, 8780 (2021)
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