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Functional inorganic materials are an indispensable part of innovative technologies,
which are essential for development in many fields of industry. The use of new materials,
nanostructures, and multicomponent composites with specific chemical or physical proper-
ties promotes technological progress in electronics, optoelectronics, catalysis, biomedicine,
and many other areas that are concerned with aspects of human life. Due to the broad and
diverse range of potential applications of functional inorganic materials, the development
of superior synthesis pathways, reliable characterization, and a deep understanding of the
structure—property relationships in materials are rightfully considered to be fundamentally
important scientific issues. Only synergetic efforts of scientists dealing with the synthesis,
functionalization, and characterization of materials will lead to the development of future
technologies. This Special Issue on “Advances in Functional Inorganic Materials Prepared
by Wet Chemical Methods (Volume II)” covers a broad range of preparation routes, the
characterization and application of functional inorganic materials, and metal-organic ma-
terials that are important in the fields of catalysis, electronics, optics, biomedicine, and
others.

Metal phosphates are a family of inorganic compounds that are widely used in differ-
ent areas such as medicine, catalysis, sensors, water treatment, the development of optical
materials, etc. Calcium hydroxyapatite (Cajo(PO4)s(OH);) is probably the most popular
member of the calcium phosphate (CP) subfamily, whose solubility, specific surface area,
surface wettability, and adsorption characteristics strongly depend on the morphology and
crystallinity. Karalkeviciene et al. [1] investigated the effects of different organic solvents
on the formation of hydroxyapatite via the hydrolysis of x-tricalcium phosphate under
solvothermal conditions. The syntheses were performed with different proportions of
water—organic solvents: ethylene glycol, methyl alcohol, ethyl alcohol, isopropyl alcohol,
and butyl alcohol. The influence of the solvothermal conditions, the nature of the solvent,
and the effect of the organic solvent fraction in the solution on the phase purity and mor-
phological features of HA were investigated. It was demonstrated that methyl alcohol and
ethylene glycol had a stronger inhibitory effect on the hydrolysis process. The morphology
of the obtained samples varied from plate-shaped to rod-shaped depending on the reaction
medium and synthesis conditions. Out of all the solvents analyzed, ethylene glycol had the
highest impact on the sample morphology. A different efficient way to modify the morphol-
ogy of hydroxyapatite considers the usage of various organic additives. A comprehensive
experimental study was carried out to compare the effects of sodium lauryl sulfate and
three amino acids (DL-aspartic acid, dodecanedioic acid, and suberic acid) on the formation
of calcium-deficient hydroxyapatite via the hydrolysis of x-tricalcium phosphate [2]. The
study revealed that higher concentrations of sodium lauryl sulfate and dodecanedioic acid
induced the formation of impurities in addition to hydroxyapatite, whereas aspartic and
suberic acids did not affect the phase purity. The morphology of the samples varied from
plate- to rod-like depending on the concentration of the specific organic additive.
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Another member of the CP group is brushite (CaHPO,-2H,0), which is a material that
can be synthesized in aqueous medium by using simple wet precipitation. Alshaaer et al. [3]
studied the feasibility of full-scale substitution of Ca?* by Ni** ions and its influence on the
crystal structure of brushite. The authors concluded that the substitution level is limited,
and that the replacement of 20% of Ca®* leads to the formation of a mixture of compounds.

Rare-earth phosphates are another group of phosphate-based materials that recently
have gained much scientific interest, especially in the field of luminescent materials. Ez-
erskyte et al. [4] reported the hydrothermal synthesis of GAPO4:Eu®" nanoparticles by
varying different synthesis parameters: pH, <Gd>:<P> molar ratio, and Eu®* concentra-
tion. It was shown that the nanoparticle length can be adjusted from hundreds to tens
of nanometers by changing the pH. Increasing the <Gd>:<P> molar ratio resulted in a
decrease in nanoparticle length and an increase in its width. The temperature-dependent
measurements in the 77-500 K range revealed that the GdPO4:50%Eu>* sample maintains
half of its emission intensity, even at room temperature.

Silver phosphate (Ag3POy) can be used as an efficient photocatalyst, which shows a
very strong oxidation capacity and high visible-light catalytic activity. However, AgzPOy
is prone to photoelectron corrosion and becomes unstable during photocatalysis, which
severely limits its application in this field. A tubelike g-C3N4/Ag3PO4 heterojunction was
constructed with the chemical precipitation method by Yan et al. [5]. The photocatalytic
activity of the photocatalyst was evaluated based on the degradation of RhB under visible-
light irradiation. The degradation rate of the RhB was 90% under irradiation for 40 min;
moreover, the recycling experiment showed that there was no apparent decrease in the
activity of the heterojunction after five consecutive runs.

Precious metal-based catalysts are the most widely studied and are currently regarded
as state-of-the-art electrocatalysts for formic acid /formate oxidation because of their high
catalytic activity and good anti-poisoning properties. In a study by Nacys et al. [6], a
platinum-coated Ni foam catalyst (PtNi/Ni) was investigated for the oxidation of the for-
mate reaction in an alkaline medium. The catalyst was fabricated via a two-step procedure,
which involved an electroless deposition of the Ni layer and the subsequent electrodeposi-
tion of the platinum layer. The obtained composite demonstrated enhanced electrocatalytic
activity compared to the Ni/Ni foam catalyst and pure Pt electrode.

Another area of application of precious metals is molecular analysis by SERS spec-
troscopy. Zavatski et al. [7] fabricated gold nanostructures on two different types of
substrates, namely, meso- and macroporous silicon, via an electroless chemical deposi-
tion method for different time periods. SERS measurements were performed for the R6G
molecules adsorbed on different Au-coated samples at a 10~ M concentration. The authors
demonstrated the correlation of the R6G SERS spectra intensity with the morphology and
structural properties of Au coverage on the silicon surface.

Carbon-based materials comprise another wide and diverse class of functional inor-
ganic compounds, which can be modified in a variety of ways. A special subgroup of these
materials, known as graphite intercalation compounds (GICs), are especially interesting due
to their use in Li-ion batteries, superconductivity, catalytic activity, etc. Rimkute et al. [8]
demonstrated the synthesis of GICs using three different oxidizers: (NH4),S,03, K25,0s,
and CrOj3, with and without P,Os as a water-binding agent. The use of CrO; resulted in a
much higher structural disorder, whereas a minimal defect concentration was reached by
using K»5,0s. The use of P,Os can help to achieve more effective intercalation and has a
positive effect on the formation of the stage I GIC phase.

Graphene-polypyrrole nanocomposites were synthesized via a wet-way protocol us-
ing a graphite bisulfate precursor, which was prepared in the presence of concentrated
sulfuric acid and potassium periodate [9]. Three different types of graphite precursors with
particle sizes of <50 pm, >150, <830 pum, and <2000 um were used for this purpose. The
nanocomposites prepared from exfoliated graphene and polypyrrole had a core—shell struc-
ture, where the particle core is composed of exfoliated graphene covered by a polypyrrole
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shell. The most relevant areas of application for these obtained nanocomposites, including
energy storage and (bio)sensing, were considered.

Synthetic conditions for the preparation of different types of spherical amine-holding
silica particles were proposed by Melnyk et al. [10]. The Stober version of a sol-gel method
of co-condensation of two alkoxysilanes was used for the one-pot synthesis of silica par-
ticles with =Si(CH,)3NH,, =Si(CH,)3;NH(CH,),NH,, and =[Si(CH;)3;NH], functional
groups that had an available group content of 1.3-2.3 mmol/g. The sorption proper-
ties of these hybrid materials for nickel(Il) and copper(Il) ions, as well as for bovine
serum albumin, were found to be dependent on the structure of the materials and the
type of incorporated functional group. The maximal static sorption capacity values to-
ward the targeted adsorbates were shown by the samples with 3-aminopropyl groups
(1.27 mmol Ni/g), diamine groups (1.09 mmol Cu/g), and secondary amine groups
(204.6 mg BSA/g).

The study of Pt and Pd complexes with various organic compounds is of funda-
mental and practical interest due to a wide range of applications, including biosensors,
DNA visualization, and catalysis. Novikov et al. [11] reported the synthesis of new
[PdCly(HGua);]Cly-H,O and [PtCls(HGua)]-2H,0O compounds using wet chemistry meth-
ods. It was shown that the complexes have an M-N bond, and the organic ligand is included
in the first coordination sphere. In the palladium complex, n-halogen and n-stacking inter-
actions were found, whereas in analogues, such interactions were not found. On the other
hand, r-halogen and halogen interactions were found in the structure of a platinum com-
plex and its analogues. The same group of authors reported the synthesis of new platinum
and uranium compounds with nicotinic acid [12]. The authors described the synthesis of
two new anionic complexes, (HNic),[PtClg] and (HNic),[UO,Cly], using wet chemistry
methods. It was determined that hydrogen bonds (H:--Hal/Hal---H and O---H/H---O)
are the main contributors to the intermolecular interactions in both compounds. Other
important contacts in cations are H---H, C---H/H---C, and C:--Hal/Hal---C; in anions, it
is H---Hal/Hal---H. The Pt-containing complex has a halogen-m interaction and halogen
bonds, but this type of interaction was not observed in the U-containing compound.

Another successful synthesis of metal-organic compounds was demonstrated by
Zhang et al. [13]. In this study, two different phase-pure cobalt(I) cyanoguanidine bromide
coordination compounds, Co(C;N4Hy)2(H»O)4-2Br-2H,0 (1) and Co3(CoN4Ha)g(HpO)s-6Br
(2), were precipitated from aqueous and methanol solutions, respectively. It was shown that
the magnetic susceptibility of 1 is consistent with either isolated or very weakly interacting
Co?* centers, whereas the magnetic susceptibility of 2 is evidence of the potential weak
antiferromagnetic exchange interactions that may arise from the superexchange within the
binuclear clusters.

Layered double hydroxides or hydrotalcite-like compounds are layered basic salts,
whose structural features give them a number of specific properties which can be tuned
by the modification of the chemical composition and partial substitution of metal ions.
Nestroinaia et al. [14] employed three different wet chemical methods (co-precipitation at
variable pH, co-precipitation followed by hydrothermal treatment, and co-precipitation
with microwave treatment) to synthesize Mg/Ni-Al layered double hydroxides containing
triply charged nickel cations. Despite the variety of synthetic approaches, the properties of
the samples synthesized by the different methods were shown to be quite similar.

Author Contributions: Conceptualization, A.Z., A.K. and L.T.-T.; writing—original draft preparation,
AZ., AK. and L.T.-T,; writing—review and editing, A.Z., A.K. and L.T.-T.; funding acquisition, A.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by the grant WHITCERAM (No. S-LJB-22-1) from the Research
Council of Lithuania.

Conflicts of Interest: The authors declare no conflict of interest.



Crystals 2023, 13, 324 4 of 4

References

1.

10.

11.

12.

13.

14.

Karalkeviciene, R.; Raudonyte-Svirbutaviciene, E.; Gaidukevic, J.; Zarkov, A.; Kareiva, A. Solvothermal Synthesis of Calcium-
Deficient Hydroxyapatite via Hydrolysis of a-Tricalcium Phosphate in Different Aqueous-Organic Media. Crystals 2022, 12, 253.
[CrossRef]

Karalkeviciene, R.; Raudonyte-Svirbutaviciene, E.; Zarkov, A.; Yang, ].-C.; Popov, A.L; Kareiva, A. Solvothermal Synthesis of
Calcium Hydroxyapatite via Hydrolysis of Alpha-Tricalcium Phosphate in the Presence of Different Organic Additives. Crystals
2023, 13, 265. [CrossRef]

Alshaaer, M; Issa, K.; Afify, A.S.; Moustapha, M.E.; Alanazi, A.A.; Elsanousi, A.; Qahtan, T.F. The Impact of Full-Scale Substitution
of Ca?* with Ni?* Tons on Brushite&rsquos Crystal Structure and Phase Composition. Crystals 2022, 12, 940.

Ezerskyte, E.; Zarkov, A.; Klimkevicius, V.; Katelnikovas, A. Hydrothermal Synthesis of Well-Defined Red-Emitting Eu-Doped
GdPO,4 Nanophosphors and Investigation of Their Morphology and Optical Properties. Crystals 2023, 13, 174. [CrossRef]

Yan, X.; Wang, Y,; Kang, B.; Li, Z.; Niu, Y. Preparation and Characterization of Tubelike g-C3N,4/Ag3; PO, Heterojunction with
Enhanced Visible-Light Photocatalytic Activity. Crystals 2021, 11, 1373. [CrossRef]

Nacys, A,; Simkiinaite, D.; Baléitnaite, A.; Zabielaité, A.; Upskuvieng, D,; Sebeka, B.; Jasulaitien¢, V.; Kovalevskij, V.; Norkus, E.;
TamasSauskaité-Tamasitinaité, L. An Enhanced Oxidation of Formate on PtNi/Ni Foam Catalyst in an Alkaline Medium. Crystals
2022, 12, 362. [CrossRef]

Zavatski, S.; Popov, A.L; Chemenev, A.; Dauletbekova, A.; Bandarenka, H. Wet Chemical Synthesis and Characterization of Au
Coatings on Meso- and Macroporous Si for Molecular Analysis by SERS Spectroscopy. Crystals 2022, 12, 1656. [CrossRef]
Rimkute, G.; Gudaitis, M.; Barkauskas, J.; Zarkov, A.; Niaura, G.; Gaidukevic, J. Synthesis and Characterization of Graphite
Intercalation Compounds with Sulfuric Acid. Crystals 2022, 12, 421. [CrossRef]

Rimkuté, G.; Niaura, G.; Pauliukaité, R.; Gaidukevi¢, J.; Barkauskas, ]. Wet Synthesis of Graphene-Polypyrrole Nanocomposites
via Graphite Intercalation Compounds. Crystals 2022, 12, 1793. [CrossRef]

Melnyk, I.; Tomina, V.; Stolyarchuk, N. Synthetic Conditions for Obtaining Different Types of Amine-Holding Silica Particles and
Their Sorption Behavior. Crystals 2023, 13, 190. [CrossRef]

Novikov, A.P,; Volkov, M.A ; Safonov, A.V.; Grigoriev, M.S.; Abkhalimov, E.V. Synthesis and Characterization of New Guanine
Complexes of Pt(IV) and Pd(II) by X-ray Diffraction and Hirshfeld Surface Analysis. Crystals 2021, 11, 1417. [CrossRef]
Novikov, A.P; Volkov, M.A.; Safonov, A.V.; Grigoriev, M.S. Synthesis, Crystal Structure, and Hirshfeld Surface Analysis of
Hexachloroplatinate and Tetraclorouranylate of 3-Carboxypyridinium-Halogen Bonds and 7-Interactions vs. Hydrogen Bonds.
Crystals 2022, 12, 271. [CrossRef]

Zhang, ].; Corkett, A.].; van Leusen, J.; Englert, U.; Dronskowski, R. Solvent-Induced Cobalt(Il) Cyanoguanidine Bromides:
Syntheses, Crystal Structure, Optical and Magnetic Properties. Crystals 2022, 12, 1377. [CrossRef]

Nestroinaia, O.V.; Ryltsova, 1.G.; Lebedeva, O.E. Effect of Synthesis Method on Properties of Layered Double Hydroxides
Containing Ni(IIl). Crystals 2021, 11, 1429. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.3390/cryst12020253
http://doi.org/10.3390/cryst13020265
http://doi.org/10.3390/cryst13020174
http://doi.org/10.3390/cryst11111373
http://doi.org/10.3390/cryst12030362
http://doi.org/10.3390/cryst12111656
http://doi.org/10.3390/cryst12030421
http://doi.org/10.3390/cryst12121793
http://doi.org/10.3390/cryst13020190
http://doi.org/10.3390/cryst11111417
http://doi.org/10.3390/cryst12020271
http://doi.org/10.3390/cryst12101377
http://doi.org/10.3390/cryst11111429

	References

