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Aero-ZnS prepared by physical vapor transport on
three-dimensional networks of sacrificial ZnO microtetrapods
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Aeromaterials represent a class of increasingly attractive materials for various applications. Among them, aero-ZnS has been pro-

duced by hydride vapor phase epitaxy on sacrificial ZnO templates consisting of networks of microtetrapods and has been pro-

posed for microfluidic applications. In this paper, a cost-effective technological approach is proposed for the fabrication of aero-

ZnS by using physical vapor transport with Sn,S3 crystals and networks of ZnO microtetrapods as precursors. The morphology of

the produced material is investigated by scanning electron microscopy (SEM), while its crystalline and optical qualities are assessed

by X-ray diffraction (XRD) analysis and photoluminescence (PL) spectroscopy, respectively. We demonstrate possibilities for

controlling the composition and the crystallographic phase content of the prepared aerogels by the duration of the technological pro-

cedure. A scheme of deep energy levels and electronic transitions in the ZnS skeleton of the aeromaterial was deduced from the PL

analysis, suggesting that the produced aerogel is a potential candidate for photocatalytic and sensor applications.

Introduction

Porous materials represent a class of solid-state networks
widely used in adsorptive and photocatalytic removal of pollu-
tants from the atmosphere and from water, in other catalytic

processes, including photocatalytic water splitting, in energy

production and storage, in microfluidic systems, in drug
delivery and other biomedical applications, in sensing, in elec-
tronic, photoelectronic, optoelectronic and nanophotonic

devices, and in other specific applications, such as electromag-
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netic interference shielding and microwave absorbing materials.
Among inorganic porous materials, several groups predominate,
such as metal halide perovskites (MHP) [1], Si and III-V semi-
conductors [2-6], chalcogenides [7-9], and metal oxides
[1,9,10]. Metal oxides include TiO,, ZnO, Al,03, WO3, Cu,0,
CuO, SHOZ, Fe203, Bi203, Ag3PO4, BiW04, BiVO4, BiFeO3,
and SeTiOs3, while chalcogenides are represented by ZnS, ZnSe,
CdS, PbS, CdSe, SnS»,, and Bi,S;.

Among porous semiconductor materials, recently developed
super-lightweight ones with ultrahigh degree of porosity, the
so-called aeromaterials, are of special interest [11-18]. Aeroma-
terials are similar to aerogels, which are widely explored
and used in various applications. Aerogels include inorganic
[19-24], organic [21-25], and hybrid composite [26,27] materi-
als.

Aeromaterials have been prepared on the basis of sacrificial
nano/microstructured templates. Nanofibrillated cellulose has
been used as a sacrificial template for the preparation of inor-
ganic nanotube networks, such as titanium dioxide, zinc oxide,
and aluminum oxide nanotube networks, by atomic layer depo-
sition [20]. Another aeromaterial, so called aerographite, has
been produced by a one-step chemical vapor deposition process
with a simultaneous and complete removal of the template ma-
terial consisting of highly porous 3D networks built from inter-
connected micrometer-thick ZnO rods with the shape of
tetrapods [28]. This aerographite material is a tubular graphitic
carbon mimicry of a sacrificial ZnO template architecture in
which ZnO has been replaced by carbon from the toluene pre-
Cursor.

Sacrificial porous ZnO networks of microtetrapods have also
been used for the preparation of the abovementioned semicon-
ductor-based aeromaterials. Most of these aeromaterials have
been produced by hydride vapor phase epitaxy (HVPE) [11-18].
Particularly, an aero-ZnS material exhibiting hydrophilic prop-
erties under tension and hydrophobic properties when
compressed against water was fabricated using HVPE of CdS
on sacrificial ZnO microtetrapods through the simultaneous or
subsequent transformation of CdS into ZnS and the removal of
the sacrificial ZnO crystals [16]. Self-propelled liquid marbles
have been demonstrated on the basis of this aeromaterial. How-

ever, HVPE is an expensive technology.

The goal of this paper is to demonstrate a cost-effective vapor
transport approach for the preparation of ZnS aeromaterials.
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