UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Preventing sintering of Au and Ag nanoparticles in silica-based hybrid gels using
phenyl spacer groups

Wichner, N.M.; Beckers, J.; Rothenberg, G.; Koller, H.

DOI
10.1039/c000105h

Publication date
2010

Document Version
Other version

Published in
Journal of Materials Chemistry

Link to publication

Citation for published version (APA):

Wichner, N. M., Beckers, J., Rothenberg, G., & Koller, H. (2010). Preventing sintering of Au
and Ag nanoparticles in silica-based hybrid gels using phenyl spacer groups. Journal of
Materials Chemistry, 20(19), 3840-3847. https://doi.org/10.1039/c000105h

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

Download date:11 Mar 2026


https://doi.org/10.1039/c000105h
https://handle.uba.uva.nl/personal/pure/en/publications/preventing-sintering-of-au-and-ag-nanoparticles-in-silicabased-hybrid-gels-using-phenyl-spacer-groups(0b0970ba-5ad2-483b-bf3e-3fc30acc5274).html
https://doi.org/10.1039/c000105h

Supplementary Material (ESI) for Journal of Materials Chemistry
This journal is (c) The Royal Society of Chemistry 2010

Preventing sintering of Au and Ag nanoparticles in silica-based
hybrid gels using phenyl spacer groups

Nina M. Wichner®, Jurriaan Beckers®, Gadi Rothenberg ™ * and Hubert Koller® *

¢ Institut fiir Physikalische Chemie, Westfilische Wilhelms-Universitdt, Corrensstrasse 28/30, 48149 Miinster
Germany. E-mail hubert.koller@uni-muenster.de Fax. +49 251 8323409.
Y Van ’t Hoff Institute for Molecular Sciences, University of Amsterdam, Nieuwe Achtergracht 166, 1018 WV
Amsterdam, The Netherlands. E-mail g.rothenberg@uva.nl Fax. +31 (0)20 525 5604.

SUPPORTING INFORMATION

Tab. 1, Supporting Information: Composition of metal nanoparticles stabilized by
phenylethylthiol in hybrid silica gels, composed of TMOS and PhTS; the metal to Si
ratio (M / Si) is the atomic ratio of the synthesis mixture

sample metal source M/ Si= pH color after
calcination
A Aux1(SC2H4Ph)y1 0.012 7 violet
B Aux1(SC2H4Ph)y1 | 0.014 6 red
o Aux1(SC2H4Ph)y1 | 0.035 6 red
D Agx2(SC2H4Ph)y2 | 0.033 6 brown
E Agx2(SC2H4Ph)y2 | 0.009 6 beige
F Agx2(SC2H4Ph)y2 | 0.016 7 beige
G --- 0 6 colorless
H Agx2(SC2H4Ph)y2 | 0.014 5 brown
I* Agx2(SC2H4Ph)y2 | 0.016 7 grey-brown
J* | Agx2(SC2H4Ph)y2 | 0.016 7 brown
K AgNO3, NaBHg4 0.016 7 grey-brown

* silver particles are adsorbed post-synthetically on the surface of the silica gel
**no PhTS
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Fig. 1, Supporting Information: N, adsorption of
calcined silica gel with and without silver particles
before and after treatment with HNO; under reflux.
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Fig. 2, Supporting Information: Nitrogen sorption isotherms of sample F (pH=7)
after calcinations steps (solid lines), reduction steps (dashed lines) and after
catalytic test and subsequent reduction (solid line). Trace (0) is the as-made
sample, and trace (1) was already shown in Fig. 5 for the calcined sample, F-calc.
Interestingly, the adsorption isotherm decreases after reduction of the silver
particles (trace (2)). This effect can be attributed to a decrease in the mesopore
volume, and a substantial decrease in the external surface area (Tab. 1). We suggest
that the particles aggregate upon reduction, and their external surface is reduced,
accordingly. Further analysis would be necessary to investigate this effect, but it is
out of the scope of this work. Trace (3) shows the adsorption isotherm of the
sample of trace (2) after another calcination step. A large recovery of pore volume
can be identified after this treatment, and the isotherm then remains stable after
another reduction step (trace (4)). The Figure also shows the adsorption isotherm of
the sample of trace (1) after CO oxidation and reduction.
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Fig. 3, Supporting Information: Raman spectra of a metal-free , a
gold-containing and silver-containing hybrid gel before and after
calcination at 923 K. The intense phenyl vibration at 1000 cm-! can
only be observed for the uncalcined samples.



