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Abstract

Metallic nanoparticles (NPs) have interesting <size-dependent optical properties and a high
surface to volume ratio that make them ap'.eaing for many different applications, such as
sensing, catalysis, energy conversion and s: rage, biomedicine, etc. These applications require
avoiding NPs degradation, coarseniny, and/or aggregation. The use of porous templates has
become a promising strategy to attair thic objective. In particular, ordered mesoporous oxides
prepared by sol-gel reactions comk.rz2a with supramolecular templates are highly appealing
supports, due to their high specific =uiiace and regular and accessible porosity. Moreover, if
these oxides are prepared as trin films, the manipulation and integration in portable devices is
straightforward.

In this work, different alternative > to obtain metallic NPs stabilized within mesoporous oxide thin
films are discussed. Firstl’, t1.> major effect of mesoporous TiO, thin films pores ordering over
the amount and distrihuti 'n o Au NPs obtained within is presented, along with the discussion of
the architecture effect o.~r me materials sensing capabilities.

Afterwards, the use of h/brid mesoporous thin films containing carboxylic and phosphonate
groups as templates to form and stabilize Cu and Ag nanoparticles is presented. In all cases,
the key effect of the surface chemistry over synthesis of the composites and their applications is
highlighted.
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Figure 1 (a) Schematic representat or, «.: the reagents and steps involved in the production of
mesoporous oxides. (b) Schemeu. rezcesentation of the Evaporation Induced Self Assembly
process used to obtain mesng ~rous thin films. (¢) Images of mesoporous TiO, thin films
prepc.ed onto silicon and glass coverslips.
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Figure 2: Main characteristics and electronic n'i~.ro ;copy images of metallic nanoparticles,
mesoporous thin films and con.Yosies containing both of them.
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Figure 3 (a) Schematic representatioi’ o the adsorption-reduction method used to produce Au
NPs inside mesoporous TiO; thir filmo. (b) UV-vis spectra of the obtained composite materials,
as a function of the number of aJ'sorption-reduction steps. (¢) TEM images and NPs size
histograms of different comp. siiw. materials based on Au nanoparticles and mesoporous TiO,
thin films, as indicated in he labels (inset: scheme of the pore ordering). XRS indicates the
amount of ads rption-reduction steps used to produce the material.

Adapted from DOI: 17,.*0.9/7.,9CP01896D with permission from the Royal Society of Chemistry.
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Figure 4 (a) Minimum acquisition times required for 1ne actection of p-nitrothiophenol Raman
probe (shown as inset) using different composite sF.m»les (see Figure 3) and (b) SERS spectra
for p-nitrothiophenol using the samples indice'2d ... (he labels (acquisition time: 10 seconds).
Each spectrum is the average 01 4 spectra taken at 4 different points.

Reproduced from DOI: 10.1039/C9CF1£96D with permission from the Royal Society of
Chuymistry.
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Figure 5 (a) Schematic representation of the gz ive."iz replacement method used to produce Au-
Ag bimetallic NPs inside mesoporous Ti>, *hn. films. (b) Representative TEM image of the
obtained samples. (c) Optical images of v~e samples. (d) Plot of In (A/Ao) as a function of time
for the 4-nitrophenol reduction reacticn cataly zed by different composite materials, indicated in
the labels. For (c) and (d): Ag30 = sa.mole with Ag nanoparticles, Ag30Aux = saples with
bimetallic nanoparticles, obtai’ie ~ changing the galvanic replacement time (x).

Adapte- fro,» DOI: 10.1002/ejic.201901186.
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Figure 6 (a) Schematic representation of the synthetic method used to produce Cu NPs inside
mesoporous thin films functionalized witi. COOH and NH, groups. (b) UV-vis spectra of
different samples obtained using the n.~thod schematized in (a), as indicated in the labels. (c)
XPS spectra in the Cu region for sa *nles based on COOH modified silica prepared using
different amounts of adsorption/reduct on steps. (d) Plot of In (A/Ao) as a function of time for the
4-nitrophenol reduction reactior ca.?lyzed by different composite materials, indicated in the
labels. The iine =~ correspond to linear fitting of the data.

Reprinted from Appl. Surf. S¢i 2219, 471, Coneo Rodriguez, R.; Yate, L.; Coy, E.; Martinez-
Villacorta, A. M.; Bordoni, 7/ V., Moya, S.; Angelomé, P. C., Copper nanoparticles synthesis in
hybrid mesoporous thin fi’io: controlling oxidation state and catalytic performance through pore
chemist.:«. ¢52-368, Copyright (2019), with permission from Elsevier.
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Figure 7 (a) Schematic representation of the synthetic 1. =thod used to produce Ag NPs inside
mesoporous thin films functionalized with phosphr:awe groups and their chemical structure. (b)
UV-vis spectra, (c) optical images and (d) TEM irv.ge s of selected samples, as indicated in the
lai ~Is.
Adapted from Microporous Mesoporous 'Jat :r. 320, 295 Bordoni, A. V.; Zalduendo, M. M.;
Escobar, A.; Amenitsch, H.; Moya, S. E., *ngelomé, P. C., Phosphonate mesoporous hybrid
thin films: Synthesis of organophosp.rosilane by thiol-ene click chemistry and applications in
formation and stabilization of silver hang harticles. 109958, Copyright (2020), with permission
vom Elsevier.
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Figure 8 UV-vis spectra of different composite materia.~ {indicated in the labels) as a function
of aging time. Changes are more noticeable in tr= compusite sample that does not include
phosphonat » y4rcups.

Adapted from Microporous Mesoporous Mate* 2u-0, 295 Bordoni, A. V.; Zalduendo, M. M.;
Escobar, A.; Amenitsch, H.; Moya, S. E ; Ar Jeimé, P. C., Phosphonate mesoporous hybrid
thin films: Synthesis of organophosphosi.r.e by thiol-ene click chemistry and applications in
formation and stabilization of silver n~noparucles. 109958, Copyright (2020), with permission
."om Elsevier.
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