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Catalysis in the circular economy concept

Vasile I. Parvulescu”

University of Bucharest, Center of Catalysts and Catalysis Processes, 4-12 Regina Elisabeta
Av., Bucharest, 030018, Romania

e-mail: vasile.parvulescu@chimie.unibuc.ro

Circular economy (also referred to as "circularity™) defines an economic system that
tackles global challenges like climate change, biodiversity loss, wastes, and pollution.
Chemistry is playing an important role in this system since most of the challenges have it at
the origin. To limit the negative effects Circular economy operates with a series of concepts
such as: reuse, share, repair, refurbish or remanufacture (Fig. 1) [2]. Therefore, its application
is expected to eliminate wastes and regenerate natural systems.
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Figure 1. Visualization of the Circular economy concept

Recycling of valuable resources represents a mandatory key instrument of the
moments. Catalysis is at “the heart” of the efficient transformations of the molecules and
materials and on this basis is a needed important actor for a circular economy [3]. Recycling
food, agriculture, textile, plastics and carbon dioxide wastes can be efficiently achieved only
utilizing catalysis.

To date, reports indicate the use of catalysis in such processes in both the
homogeneous catalysis (catalysis with metal complexes and biocatalysis) and biphasic
systems (heterogeneous catalysis and photocatalysis). However, heterogeneous catalysis is
more preferred due to the possibility to recover catalysts also affording a complete
sustainability of catalysts containing expensive metals. This makes even more sense where
the catalysts are as well prepared from renewable wastes and can be recycled.

Based on this state of the art, in line with the circular economy concepts, this
contribution will focus three aspects: i) heterogeneous catalysts from wastes and their
efficiency; ii) heterogeneous catalysis in valorization of water soluble biowastes and iii)
valorization of CO; following the Circular economy concepts.
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Chemo-enzymatic synthesis of enantiomers for 3 -antagonists and -
agonists
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Boquin, Elisabeth Egholm Jacobsen”

Norwegian University of Science and Technolgy, Department of Chemistry, Hogskoleringen
5, 7491 Trondheim, Norway

e-mail: elisabeth.e.jacobsen@ntnu.no

Introduction

Many drugs on the marked today have active pharmaceutical ingredients (API’s) with
one or several stereogenic centra. 3-Blockers, (drugs that slow down the heart rhythm by
blocking-or inhibiting the action of hormones, like adrenaline and noradrenaline, also named
b-antagonists) have normally one stereogenic center, and then consist of two enantiomers.
The enantiomers may have the same effect on the actual receptor in patients, or the
enantiomers may have different effects, or worse: one enantiomer may cause several
unwanted side effects. The American Food and Drug Administration (FDA) considers the
«wrong» enantiomer as an impurity and demands for pure enantiomers as the API in the
marketed drugs, not racemates. The demand for enantiomerically pure drugs has increased
since FDA demanded manufacturers to evaluate the pharmacokinetics of a single enantiomer
or mixture of enantiomers in a chiral drug. Quantitative assays for individual enantiomers
should be developed for studies in in vivo samples early in drug development. During the last
decade, our group has developed environmentally friendly methods for synthesis of
enantiomerically pure building blocks for several p-antagonists using lipases in kinetic
resolutions of racemates [1-5]. We have also obtained high enantiomeric excess of synthons
in asymmetrisations of prochiral compounds with ketoreductases as catalysts [6]. Our
ongoing projects on synthesis of enantiomerically pure building blocks for the B-antagonists
(S)-esmolol and (S)-penbutolol will be discussed, and synthesis of building blocks for the -
agonists clenbuterol and sotalol will also briefly be discussed.

Results and discussion

Chlorohydrin building blocks (R)-1a-2a for the synthesis of enantiomers of the -
blockers esmolol ((S)-1c) and penbutolol ((S)-2c) have been synthesized in 89-96% ee by
chemo-enzymatic methods (Scheme 1). Since the enzymatic step is kinetic resolution only
50% of the desired enantiomer will be obtained. Dynamic kinetic resolution may be
performed in order to obtain full conversion of the starting material.
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Q © Ad2d (R)-1a-2a
1.Flash chrom.
=Y % oH e OH CALB + oH
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Scheme 1. Chemo-énzymatic synthesis of enantiomers of esmolol and penbutolol.
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Asymmetrisations of ketones with suitable enzymes is another way of obtaining
enantiopure compounds. Depending on the stereoselectivity of a catalyst towards a chosen
substrate, a theoretical yield of 100% might be obtained. Scheme 2 shows asymmetrisation of
ketone 1, 2 and 4-7 with ketoreductase KRED 228 as catalyst (Syncozymes Co., Ltd.,
Shanghai, China). Several regeneration systems were tested, in order to find a suitable system
to regenerate NADP", and we were successful with glucose-6-phosphate dehydrogenase with
glucose-6-phosphate as the co-substrate [7,8]. The co-solvent was dimethyl sulfoxide
(DMSO) in all the asymmetrisation reactions.

9 10% DMSO o
Xa X1 pH 7.0 phosphate buffer, X X
RHIN KRED 228 RHN (R/S)
Xo Xa
NADPH NADP*
OPOH
" \GBP'DH OPO3H,
HO R HO -
HO o HO
OH OHon
1:X;=H,X,=ClLR=H 1a: X, =H,Xp=Cl, R=Hnr.
2:X;=Br,X,=Cl,R=H (R)-2a: X; =Br, X, =Cl, R = H 93% ee
4 X;=H,X,=H, R=H 4a: X;=H,X,=H,R=Hn.r.
5:X;=H,X;=H,R=Ac (5)-5a: Xy =H, X, =H, R =Ac 73% ee
6:X;=H,X;=Cl,R=Ac (S)-6a: Xy =H, X; =Cl, R =Ac 98% ee
7: X1 =Br,Xp=H,R=Ac (R)-7a: Xy =Br, X; =H, R =Ac 35% ee

Scheme 2. Asymmetrisation reactions of prochiral ketones catalysed by ketoreductase 228
(KRED 228) from SyncoZymes, Co LTD.

Conclusions

High enantiomeric excess of synthons as building blocks for several aminoalcohol
drugs have been obtained both by kinetic resolutions of racemic mixtures catalysed by lipases
and in asymmterisations of prochiral ketones catalysed by ketoreductases.
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Nanoscaled metal fluorides: promising catalysts for the fine chemicals
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Biochemistry and Catalysis, 4-12 Regina Elisabeta Av., Bucharest, 030018, Romania
2Humboldt-Universitit zu Berlin, Department of Chemistry, Brook-Taylor-Str. 2, 12489
Berlin, Germany

e-mail: simona.coman@chimie.unibuc.ro

Catalysis is clearly one of the foundational pillars of Green Chemistry and it will
continue to be one of the main vehicles that take the chemical enterprise into a future of
sustainability. For this, the production of chemicals, nowadays based on catalysis (ca. 90% of
chemicals produced via catalytic routes), should have to move from homogeneous to
heterogeneous catalysis (whenever possible) in order to avoid product contamination, reduce
the processing costs, enhance the recovery and favor recyclability of catalysts. Therefore,
with the aim to improve older industrial processes or to initiate other nowadays new
processes under a greener manner, novel selective efficient solid catalysts were created and
developed.

For instance, until recently, metal fluorides played a minor role in the field of
heterogeneous catalysis but the recent developments of new synthesis approaches toward
nanoscaled metal fluorides significantly increased the interest in these materials. Compared to
classically metal oxides, metal fluorides just play a minor role in the field of heterogeneous
catalysis, but nonetheless, there are several important reactions for which metal fluorides are
the only choice as catalysts [1, 2].

Certainly, the classical sol-gel synthesis is one of the most powerful synthesis routes
in terms of the wide variety of synthesis approaches and technical applications. Via the
fluorolytic sol-gel synthesis strongly Lewis acidic nanoscopic metal fluorides, as well as bi-
acidic hydroxide fluorides with tuneable Lewis to Brensted acidity can, for the first time, be
synthesized. By tuning the oxygen to fluoride stoichiometry inside these phases the surface
side character can be altered from strongly Lewis acidic at high F-content towards weak
Lewis but stronger Bronsted acidic or even basic (depending on the metal M at high oxygen
content) resulting in optimized solid catalysts with high potential for a wide range of acid-
base catalysed reactions [3, 4]. Moreover, the introduction of a second metal into these new
compounds allows for further functionalization resulting in unlimited new compounds with
high impact on catalytic applications for important industrial sectors, as fine chemicals and
pharmaceutical ones.

These nanoscaled metal fluorides and hydroxide fluorides represent not only new,
catalytically active classes of compounds with very high surface areas but also are excellent
candidates to be used as supports for e.g. precious metals like Au, Pd, Pt etc. [4].

All the metal fluoride based catalysts which will be presented were comprehensively
characterized by XRD, TEM, XPS, FTIR-spectroscopy, Solid State NMR, and MS-coupled
DTA/TG measurements.

A variety of catalytic reactions performed with these new catalytic materials, in the
area of fine chemicals synthesis will be presented. The most important envisaged fine
chemicals synthesis were selected from those which still raises environmental problems at
industrial level through the generated wastes and high energy consumption, as E and K
vitamins synthesis and menthol synthesis [5-9].

But not only the unacceptable high level of wastes and pollution is the nowadays
problem of the humanity. The important reduction of fossil fuel reserves on which is based
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the current world economy corroborated with the global pollution and climate change is a
major political, economic and scientific concern. To survive, our civilization has to make a
strategically shift toward renewable fuels/products obtained via sustainable processes. In this
context, the discovery and development of novel and efficient pathways for the conversion of
the valuable bio-polymers (i.e., cellulose, hemicellulose and lignin) into bio-chemicals (also
named “’platform molecules™) are among the big challenges facing heterogeneous catalysis.
The successful use of the novel inorganic hydroxylated nanoscopic fluorides catalytic
materials in the primary building block production from renewable resources is further
evidence of their extraordinary catalytic capabilities. The scientific achievements in the
development of these materials and their catalytic properties connected with the catalytic
performances will be also discussed [10-13].
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Synthesis/deposition and characterization of supported
nanostructured/nanopowdered semiconductor oxides
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National Institute of Materials Physics, Magurele, Romania
e-mail: Ifrunza@infim.ro

Introduction

Composite nanostructured materials containing semiconductors, such as TiO,, ZnO,
CdS, AgS, CdSe became very attractive due to their applications as photocatalysts for
decomposing environmental pollutants, as solar cells, in different sensors, in opto-electronics
or for transparent conducting films.

Recently we have studied the synthesis of nanoparticles of semiconductor oxides
(especially TiO, and ZnO) and/or their deposition upon different (unusual, e.g. textiles)
supports [1]. In addition, the investigation methods were chosen for these complex systems as
well, being adequated to each material component and also to their application as atalytic
properties.

The present work brings together some of our results and offers a challenge to enlarge
the application aria of such multifunctional nanostructured materials.

Experimental

Textiles made from natural or synthetic fibers (as much as possibly by unic
components) like polyester, cotton, linen, wool were commercially available.

The semiconductor nanoparticles were deposited by sol-gel, electroless deposition,
sputtering etc.

Sometimes one of the semiconductor oxides was used as support for deposition of a
second semiconductor.

Several techniques were routinely applied for structural and morphological
characterization: optical microscopy, XRD, SEM, TGA, UV-Vis spectroscopy, FTIR-ATR
XPS. In addition, dielectric properties, ESR studies, optical examination, wetting and wicking
properties were developed and corresponding data obtained when it was necessary. Thus,
wetting properties were tested under static conditions by estimating the water contact angle.
The sessile drop method was applied. Dielectric spectroscopy was applied in a broadband
frequency and temperature range.

Semiconductor adherence on the support was checked by ultra-sonication.

Decolorization of dyes of Rhodamine B or methylene blue type was determined by
measuring the variation of characteristic absorption peak at 554 nm wavelength. The
percentage of dye photodegradation was estimated by using the known equation:

Degradation ef ficiency = (Cy — C)/Cyx100

where, Cyis the initial value of the dye concentration, C is the value of dye concentration at t
time.
[llumination was performed with UV or visible light.

Results and discussion

Let speak about some of the obtained materials, especially about those mentioned in
Table 1 containing different supports and diferent deposition methods. Deposition was then
successful even at the low temperature asked by the support nature.

11
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Table 1. Temperature and pressure.

Sample | Support Semiconductor | Deposition Pretreatment
A Knitted wool wear | ZnO sputtering

B Knitted wool wear | ZnO sputtering Plasma

C Knitted wool wear | ZnO Electroless

E Knitted wool wear | TiO; Sol-gel

F Knitted wool wear | TiO; Sputtering

G Zn0O CdS Wet chemical

As shown by TG and SEM measurements, the deposited matter represents 3 to 8 wt%,
covering rather uniformly the fiber surface.

Treated samples show mostly lower values of contact angle than the pristine ones.
XRD Data have shown that TiO, layer has either an amorphous structure or is highly
dispersed while pure hexagonal wurtzite phase of ZnO was observed for the corresponding
samples. As concerning ZnO-CdS composites, they contain ZnO also in hexagonal wurtzite
structure and CdS in cubic phase.

Oxide deposition might be conducted by the coordination of the transition metal ion
to the protein oxygen atoms, this making a slight shift of the position of the vibration (IR)
bands and modifying a bit the shape of these bands. Oxide deposition creates thus composite
interfaces of hierarchical roughness since aggregated oxide nanoparticles sit over the periodic
structure of microfiber array.

Plasma pretreatment and oxide deposition lead to a decreased hydrophobicity of the
wool samples, no matter of their origin.

We have found that the photocatalytic activity of the studiedfabric-semiconductor
oxide systems could be increased as comparing with the activity of original fabric.

Since some photocatallitically active samples did not showeither XRD crystalline forms or
SEM images of the titanium oxide cryatallites we considered that the presence of anatase
nanocrystals does no more seem to be a sine qua non photocatalytic element.
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Abstract

Paraffin wax crystals precipitate from waxy petroleum fluids upon cooling, leading to
various production problems including paraffin wax deposition, gel formation, emulsion
stabilization, filter plugging and fluid viscosification. Pristine paraffin wax crystals often
adopt platelet-like morphologies with an orthorhombic lattice structure. The paraffin wax
crystals generally have a thickness on the order of tens to hundreds of nanometers. Therefore,
waxy petroleum fluids are nano-fluids at low temperatures.

The pour point temperature is a physical property which establishes the temperature at
which a given fluid loses its ability to flow at short time scales under only the force of
gravity. From a rheological perspective, the pour point temperature defines the boundary
between a primary solid-like mechanical response and a primary liquid-like mechanical
response. Polymer-based fluid additives are used in the petroleum production industry to
reduce the pour point of waxy petroleum fluids, including waxy crude oils and waxy gas
condensate fluids. Reduction of the fluid pour point temperature allows economic pipe
transport of waxy petroleum fluids in cold environments, without incurring economic or
energy penalties related to thermal management measures such as insulation or heating. The
climate footprint of transporting waxy petroleum fluids is minimized by reducing the pour
point using polymer-based chemical additives. Pour point depressants are formulated
chemical products that are injected into waxy produced fluid streams to reduce the pour
point, enabling low-temperature flowability. Pour point depressant formulations contain
specially tailored polymers that physically bind to paraffin wax crystals. The polymers alter
the wax crystal morphology and/or impart interparticle repulsions, thereby reducing the pour
point.

When polymer molecules are thoroughly dispersed in a petroleum fluid, the chains
may adopt a soluble coil conformational state or an insoluble globule conformational state,
depending on the relative free energy favorability of intermolecular interactions. In the coil
state, physical interactions between fluid molecules and polymer chain segments are
favorable and abundant. In the coil state, the chain swells to maximize the favorable physical
interactions. Conversely, in the insoluble globule conformational state, physical interactions
between fluid molecules and polymer chain segments are unfavorable and sparse. In the
insoluble globule state, the polymer chain retracts to minimize unfavorable physical
interactions. As such, in the globule conformation, fluid molecules are expelled from the
globule, and the polymer loses solubility. The coil-to-globule transition is governed by
polymer size and temperature. An equivalency exists between temperature and polymer chain
length with respect to the occurrence of the coil-to-globule transition. Low temperatures and
long chains favor the insoluble globule state; high temperatures and short chains favor the
coil state. Polymer chains must exist in the coil state to effectively bind with wax crystals and
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reduce the pour point temperature. Considering only polymer solubility, shorter polymers are
more effective in maintaining the fluidized coil conformation necessary for binding to
paraffin wax crystals. Commensurately, low molecular weight polymer fractions would be
considered preferable for usage in industrial pour point depressant formulations, based solely
on solubility considerations.

In addition to polymer solubility constraints, physical binding between polymers and
paraffin wax crystals must be considered when tailoring polymer molecular weight fractions
for use in pour point depressant formulations. In addition to adopting a soluble coil
conformational state (with fluidized polymer chains) in the bulk petroleum fluid at the
paraffin wax crystallization temperature, effective pour point depressant polymers must
physically bind to wax crystals by adsorption or co-crystallization. The effective binding
strength of a polymer to wax crystals is
quantified by the Gibbs free energy of binding:

AG" = AH® — TAS’

The Gibbs free energy of binding is a function of polymer molecular weight and
temperature. In fact, there exists an equivalency between polymer molecular weight and
temperature with respect to the Gibbs free energy of binding. The overall magnitude of the
Gibbs free energy of binding increases monotonically with increasing polymer chain length.
Longer polymers bind more strongly to wax crystals than shorter polymers. Accordingly,
higher molecular weight fractions of polymer bind more strongly to paraffin wax crystals
than lower molecular weight fractions. High molecular weight fractions of polymer can
potentially provide improved pour point reduction efficacy in comparison to low molecular
weight polymer fractions, based only on binding considerations.

Solubility considerations and binding considerations show opposite predictions
regarding the influence of polymer molecular weight on the efficacy of pour point depressant
formulations. Solubilization and binding are both essential components of the complete pour
point reduction mechanism. Intermediate molecular weight polymer fractions fulfill the
necessary conditions of solubilization and binding. Therefore, the intermediate molecular
weight polymer fractions provide optimal pour point depressant efficacy.

Commercial pour point depressant polymers typically consist of a polydisperse
distribution of polymer chain lengths. Consider a waxy petroleum fluid existing at a specific
low temperature and dosed with a highly polydisperse pour point depressant polymer. The
high polydispersity implies that polymers of varying chain length will exhibit vastly
dissimilar behavior in terms of phase behavior. The entire distribution of polymer chain
lengths can be grossly categorized into 3 separate fractions with distinct phase behavior:

(1) The shortest polymer chains adopt soluble coil conformations in the bulk fluid phase
and bind weakly to wax crystals as quantified by a small Gibbs free energy of
binding.

(2) Mid-length polymer chains adopt a soluble coil conformation in the bulk fluid phase
and bind strongly to wax crystals as quantified by a larger Gibbs free energy of
binding.

(3) The longest polymer chains adopt an insoluble globule state in the bulk fluid phase. In
the globule state, the polymer chains lose fluidity, lose solubility in the bulk fluid, and
are prevented from binding to paraffin wax crystals.
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This overall phase behavior description with respect to polymer chain length portends
a single optimal polymer molecular weight for maximum binding to paraffin wax crystals,
applicable at a single defined temperature condition. The optimal polymer length also
approximates the polymer solubility threshold with respect to chain length at the defined
temperature condition. An additional complication arises in petroleum production systems in
the field, where paraffin wax precipitation occurs over a wide range of temperatures, rather
than occurring at a single defined temperature condition. As such, non-isothermal
crystallization occurring at real field conditions necessitates a somewhat broader polymer
chain length distribution in an optimal pour point depressant formulation, characterized by a
finite polydispersity. However, such a finite polydispersity of an optimal formulation is
substantially smaller than the polydispersity values of currently existing industrial pour point
depressant formulations. Hence, substantial improvements in industrial pour point depressant
efficacy are achievable by simply tailoring the molecular weight distribution to the targeted
petroleum fluid. In this way, inactive low and high molecular weight polymer fractions may
be excluded from product formulations, and the formulated product can be restricted to
contain only active polymer chains in addition to other required formulation ingredients.

Experimental data is presented to support the unified phase behavior description with
respect to polymer chain length and temperature. The experimental methods of scission and
fractional precipitation are introduced to alter molecular weight distributions of pour point
depressant polymers. For two polymers, identified as polymer alpha and polymer beta, the
low molecular weight sub-fractions of the polymer distribution generally exhibit a poorer
performance in reducing the yield stress in comparison with the unmodified polymer
distribution, which is consistent with a smaller Gibbs free energy of binding for the shorter
polymer chains. The performance of a third polymer, identified as polymer tau, shows a
complex dependency on chain length, fully consistent with the Gibbs free energy of binding
trend as well as competing solubility effects. When crystallization occurs at low
temperatures, polymer tau is marginally soluble, and the low molecular mass scission
products (of higher solubility) exhibit improved performance in reducing the yield stress in
comparison to the unaltered polymer tau. At high temperature conditions, polymer tau retains
adequate solubility, and the low molecular weight scission products exhibit poorer
performance in reducing the yield stress in comparison to the unaltered polymer tau, which is
consistent with a lower magnitude of the Gibbs free energy of binding for shorter polymer
chains. The experimental data corroborate a postulated molecular binding mechanism for the
activity mode of the pour point depressant polymers alpha, beta, and tau. Therefore, the
unified phase behavior description applies to polymers known to be molecularly dispersible
in a bulk fluid phase at the respective wax crystallization temperature. In contrast, polymers
that are known to self-assemble in the bulk fluid may show entirely different activity modes
and mechanisms, such as nucleation templating, which are to a large extent insensitive to
polymer molecular weight. Hence, the unified phase behavior description may be
inapplicable to self-assembling pour point depressant polymers.
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Toxic organic and inorganic chemicals are discharged into water, air and soil,
severely contaminating the environment. Recently, the so-called emerging contaminants are
gaining more and more attention in scientific research, both due to the need to establish legal
regulations, the development of analytical methods used in monitoring as well as methods of
their disposal. Emerging contaminants (EC) is a wide group of chemical compounds
including pharmaceuticals and personal care products (PPCP), endocrine disruptors (ED),
pesticides, perfluoroalkylated substances (PFAS), polybrominated diphenyl ethers (PBDES),
polychlorinated biphenyls (PCBs), and so on. Therefore, finding an effective method of their
removal or neutralization is a challenge.

The removal of hazardous pollutants from the environment is an issue of the utmost
importance and many methods have been investigated lately to resolve it. Adsorption,
however, seems to be the best for that purpose and it is widely used due to its low cost, ease
of operation and high effectiveness. Wide range of materials such as activated carbons,
zeolites, modified clays, polymeric resins and fly ash have been applied in this process.
However, ordered porous silicas modified with tailor made organic functional groups is an
excellent example of advanced materials whose potential is yet not fully recognized.

Several examples of organically modified silicas used in removal of synthetic dyes,
heavy metals and pharmaceuticals will be shown. Also application of standard methods of
physicochemical characterization such as XRD, UV-Vis, FTIR as well as an unusual one,
thermoporometry, will be presented.

organic layer
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Figure 1. SBA-15 silica modified with aminothiazole [1].
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Introduction

Low temperature plasma was used to introduce oxygen functional groups on the
surface of graphene paper. To optimize the degree of graphene paper functionalization the
DoE methodology was applied. This method was a key element that helped to indicate which
factors (time, plasma generator power, oxygen pressure) have the greatest impact on the
modification of graphene paper. DoE is a mathematical methodology used for planning and
conducting experiments but also analyzing and interpreting data obtained from the
experiments. This is the branch of applied statistics that are used to research a system,
process or product in which the input variables have been manipulated to investigate their
effect on the measured response variable. [1,2].

Experimental

Graphene paper modification tests were carried out by the DoE application (time,
power, pressure in the plasma chamber). For this purpose, 8 experiments were performed
following Table 1 and Table 2.
Table 1. Factors and their values used for Table 2. The conditions of the experiments
the DoE methodology.

FACTOR MIN MAX TI’:\/IE PO\|/3VER PRES%URE
VALUE | VALUE

1 -1 -1 1
(-1) (1) 2 -1 1 1
TIME 6s 15 min 3 1 -1 1
POWER | 40w | 100w ‘5‘ 11 11 11
PRESSURE | 0,2 mbar | 0,5 mbar 6 1 1 1
7 1 -1 -1
8 1 1 -1

The effect of the modification was measured as the change in the work function (WF)
using a Kelvin probe. The work function values exhibit a substantial exponential decay just
after the plasma treatment, due an electrostatic charging. The obtained results were thus
interpreted for the initial WF changes and after stabilization of the graphene paper in distilled
water. X-ray photoelectron spectroscopy was used to determine the nature and surface
concentration of surface functional groups.

Results and discussion

The use of the DoE methodology saved time and materials. Thus, with a small
number of repeatable measurements, it was found that time and oxygen pressure had the
greatest influence on the modification of graphene paper with the use of oxygen plasma. The
obtained results are valid both for conditions after stabilization in water and without it. The
results are displayed in Fig. 1.
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Figure 1. Experimental data collected using the DoE.
The DoE methodology allowed to determine that the factor that have the greatest impact on

the level of material modification is plasma treatment time. Thus, treatment time optimization
was performed and shown in Fig. 2 and 3.
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Figure 2. Optimalization of the plasma Figure 3. Optimalization of the plasma
treatment time (without water stabilization) treatment time (using water stabilization)

As shown in Fig. 2, the time at which we achieve the most modified material without
stabilization in water is 12 seconds, and with the increase in the time of plasma exposure to
graphene paper, this value decreases. It may be related to the more effective charging of the
material with the increase of plasma time. For the same material after stabilization in water,
the material with the highest work function changes is obtained after applying plasma for 6
seconds. The highest WF represent most effective surface functionalization allowing for the
strongest interaction with an adsorbate.

Conclusions
The DoE methodology allowed to determine the optimal conditions to modify the
surface of graphene paper with low temperature plasma.
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Introduction

Ethanol steam reforming (ESR) is a promising and widely researched process for
obtaining hydrogen. Although noble metal-based catalysts are very active in the ESR, due to
their high cost, equally active systems based on transition metals, e.g. cobalt, are increasingly
being investigated [1]. The use of zeolite supports for the ESR catalyst is a promising
solution due to their large specific surface area and porosity [2]. This work explored the
influence of potassium doping on the structure, surface properties, and efficiency in the ESR
process of the cobalt-modified HY zeolite (Si/Al=31) catalyst (CoY).

Experimental

A series of catalysts containing 10 wt.% cobalt phase, with different K content (0 — 4
wt.%) was obtained. The chemical and phase composition, texture, morphology, and
reducibility of the catalysts were examined using the methods: ICP, XRD, low-temperature
adsorption of N, STEM/EDX, and H,—TPR. The acidity of the catalysts was investigated by
FT-IR spectroscopy with the use of probe molecules such as pyridine and carbon monoxide.
The tests of catalytic activity in the ESR process were carried out at the temperature of 500
°C for the molar ratio of ethanol to water 1:4 and 1:12.

Results and discussion

The potassium donation to the CoY catalyst caused a slight reduction of its porosity
and deterioration of the cobalt dispersion. At the same time, the addition of K caused a drastic
reduction in the concentration of acid sites in the system. The strength of the observed effect
depends strongly on the nature of potassium in the catalyst. The differences in the influence
of potassium on the physicochemical properties of the CoY catalyst are reflected in its
performance in the ESR process. 100% ethanol conversion observed for the CoY catalyst is
reduced to a value of 75 — 80% upon K introduction in the ion exchange positions, and even
to 5 — 10% upon K introduction on the external surface of the system. Importantly, the
introduction of potassium significantly lowered the selectivity to the C,H; — a highly
undesirable product of the ESR process. The selectivity to C,H4 from 65 — 70% decreased
to 45 — 55% for the sample with K in the ion-exchange positions and to 0 — 5% for the sample
containing K on the external surface of the catalyst.

Conclusions

This study showed the effect of potassium addition on the performance of the zeolite-
supported cobalt catalyst (CoY) in the ethanol steam reforming process. The catalytic activity
of the studied catalysts was discussed in terms of potassium impact on the structure and
acid/redox surface properties of the CoY catalyst.
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Introduction

The activated carbon global market is continuously growing due to the versatility of
these materials in industry and municipalities for cleaning purposes. Their main application
involves the removal of contaminants in water and air environments [1]. The attractiveness of
activated carbon as a universal adsorbent is due to its low cost, the versatility in its
production, and the possibility to design the porous structure and surface chemistry upon
request. Although the porous structure has a profound impact on the performance of the
activated carbons (e.g., microporous activated carbons exhibit an optimum performance for
gas and energy storage [2,3]), the presence of surface functionalities, although being also
important, has been less explored due to the difficulty to tailor the surface chemistry [4,5].
Non-essential amino acids can be anticipated as potential platforms to obtain carbon materials
with a rich surface chemistry. Amino acids are organic compounds that contain amino (-NHy)
and carboxyl (-COOH) functional groups, together with side chains that could contain other
functional groups such as sulphur (e.g. cysteine & methionine). A priori these platforms
could be susceptible to be converted into activated carbon, after a proper activation step,
although they have never been evaluated. Based on these premises, the main goal of the
present study is the preparation of activated carbon materials combining oxygen, nitrogen and
sulphur functionalities starting from L-cysteine as a raw material.

Experimental

In a first step, L-cysteine was spread in the alumina boat and thermally treated in a
horizontal furnace at 700 °C for 2 h under a N flow rate of 100 ml/min (heating ramp of 3
°C/min). The reaction process is a simple condensation reaction of L-cysteine under nitrogen
atmosphere. After condensation the yield was 5.4 wt.%. In the second step, the condensed
material was activated with CO, (100 ml/min) at a temperature of 800 °C with the heating
ramp of 3 °C/min and the activation time of 1 h, 3 h, 6 h. An additional sample was prepared
using 900 °C as activation temperature for 1 h. Four different cysteine-based activated
carbons (CAC) were prepared and labelled CACxy00, where x = activation time and y =
activation temperature. The synthesized samples have been characterized by different
techniques, such as N, adsorption measurements at -196 °C, CO, adsorption at 0 °C, FESEM
and XPS.

Results and discussion

The results described in Fig. 1 (right) show that, for a given activation temperature
(800 °C), the porous structure of the synthesized samples scales-up with the extend of the
activation treatment, i.e. activation time from 1 h to 6 h. Sample activated for 1h at 800 °C,
i.e. CAC1800, exhibits a poorly developed porous structure, with a BET surface area ca. 140
m?/g. The presence of a scarcely developed porous structure can be clearly appreciated in the
N, adsorption isotherm (Type | according to the IUPAC classification), with a narrow knee at
low relative pressures associated with a purely microporous material. An extension in the
activation process to 3 h and 6 h at 800 °C gives rise to a significant development of the
porosity with a BET surface area of 600 m?/g and 1013 m%/g, respectively. The CAC1900
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sample exhibits a moderate BET surface area (ca. 378 m?/g). Interestingly, the N, adsorption
isotherms confirm that the activation treatment with CO, provides purely microporous
samples, independently of the activation degree. Despite these large differences in the
nitrogen adsorption performance for the three samples synthesized at 800 °C, their CO,
uptake (Fig. 1 right) at 0 °C and 1 bar is rather similar. This observation anticipates the
presence of diffusional restrictions for N to access the inner porous structure in samples with
a low activation degree (e.g., CAC1800). The restricted accessibility of nitrogen at -196 °C is
confirmed after comparing the micropore volume (Vo) and the narrow micropore volume (V)
deduced after application of the Dubinin-Radushkevich equation to the N, and CO,
isotherms, respectively. For this specific sample (CAC1800), V,>>V, (0.18>>0.06), thus
confirming the presence of diffusional restrictions for nitrogen to access the inner porous
structure at cryogenic temperatures. The presence of narrow micropores is also reflected in
the more concave shape of the CO; isotherm at 0°C. In the specific case of sample CAC3800,
Vn~Vy (0.24>>0.25), thus reflecting the presence of a narrow micropore size distribution.
Only sample CAC6800 possess wider micropores Vo>>V, (0.42>>0.26), although without
mesoporosity. Overall, these results show that L-cysteine is an excellent platform to
synthesize purely microporous activated carbons with molecular sieving properties. The XPS
analysis (not shown) confirm that the synthesized carbons exhibit a rich surface chemistry
containing oxygen, nitrogen and sulphur functional groups. Their performance in the
adsorption of relevant probes (CH4, C,H, and CO,) will be further discussed.
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Figure 1. (left) N, adsorption/desorption isotherms at -196 °C and (right) CO, isotherms at
0 °C in the different carbon materials evaluated.

Conclusions

A series of activated carbon materials have been successfully prepared from a non-
essential amino acid, such as L-cysteine. The synthesized carbons combine a widely
developed porous structure (BET surface area up to 1000 m?/g) and a rich surface chemistry
(mainly oxygen, nitrogen and sulphur functionalities). Furthermore, the synthesized carbons
exhibit an excellent adsorption performance for CO, (up to 3 mmol/g at 0 °C).
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Introduction

Semiconductors which can be activated under visible light have attracted intense
research interest due to their applications in heterogeneous photocatalysis, especially in the
degradation of organic pollutants. Bismutite (Bi,O,CO3;, BSC) nano discs (NDs) have
recently emerged as an important candidate in photocatalysis due to its alternate (Bi»0,)*"
and COs* layered anisotropic crystal structure and internal static electric field, which
facilitates photoinduced charge transfer and separation [1]. Previous works have reported
BSC as an efficient photocatalyst in the degradation of organic dyes such as methylene blue,
methyl orange and rhodamine B [2, 3]. However, its use has primarily been limited to the UV
spectrum due to the relatively wide bandgap of 3.12 eV. On the other hand, silica, due to
porous structure and high surface-to-volume ratio, has attracted attention as a good adsorbent
for organic pollutants [4].

In this work, pristine BSC nanoparticles were modified with silica by the addition of
different volumes of sodium silicate solution prior to hydrothermal treatment. The presence
of silica in the samples was verified by elemental mapping, X-ray diffraction (XRD) and
Fourier transform infrared spectroscopy (FT-IR). Increased surface area observed from
Brunauer-Emmett-Teller (BET) isotherms and a shift in the zeta potential to more negative
values further confirmed the incorporation of silica in BSC NDs. Morphological studies using
scanning electron microscope (SEM) revealed the presence of silica to induce thinning and
self-assembly of the NDs. The samples were then tested for visible light photocatalytic
degradation of methylene blue (MB). Improved adsorption of the cationic MB dye was
observed for the samples with higher silica content due to the presence of electrostatic and
hydrogen bond interactions with the large amount of silanol groups present on the catalyst

surface [5].
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Scheme 1. Schematic of visible light photocatalytic degradation of MB by silica-modified
bismutite nanoparticles.
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Experimental

The enhanced adsorption of MB on silica-modified BSC would ensure better
availability of charge carriers for photocatalytic degradation of MB and lead to faster
mineralization in the presence of visible light. The mineralization pathway of MB has been
reported in literature to occur via intermediates such as Azure B, Azure A, Azure C, thionine
etc. [6]. However, an absorbance shift corresponding to these metabolites have not been
observed during these reactions, indicating MB to be the primary component still present in
the mixture. In contrast, a blue shift in the absorbance peak of MB observed at the start of
reaction in the presence of silica-modified BSCs verified quick mineralization of the dye.
Further analysis using a mass spectrometer confirmed Azure C and thionine to be the main
metabolites after 3 hours of visible light irradiation in silica-modified BSC, whereas heavier
metabolites such as Azure B, Azure A and MB itself could be detected with pristine BSC
particles. This confirmed faster mineralization of MB in presence of visible light as a result of
its stronger adsorption on the catalyst surface. Total organic carbon (TOC) analysis was also
performed, and the results indicated 20% better mineralization with silica-modified BSC
particles. Hence, this work highlights the importance of incorporating a good adsorbent to the
semiconductor photocatalyst for faster mineralization of organic pollutants and is anticipated
to lay foundation for future research in obtaining an optimized photocatalyst capable of
capturing a wide spectrum of dyes for wastewater remediation.
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Introduction

Carbon quantum dots (CQD) have recently attracted much attention for their
promising applications, especially in photocatalysis [1], bioimaging [2] and bacterial labeling
[3]. However, although a huge library of synthetic methods are available for CQDs
production, either using the “top-down” or “bottom-up” approaches, their commercial
viability is still limited due to the production costs which requires either costly precursors,
complex instrumental set-ups or/and post-treatment in the reaction system [4]. Therefore,
CQDs must be prepared by green and environmentally friendly methods. In connection with
this, an important progress for sustainability was registered with the research focused on low-
temperature hydrothermal CQDs synthesis from non-edible biomass or biomass waste
streams as feedstock [5]. Humins, for instance, are generated in high amounts in the acid-
catalyzed dehydration of carbohydrates [6], as insoluble polyfuranic polymers by-products,
thereby severely limiting the utilization efficiency of renewable biomass. In order to improve
the process efficiency, humins formation should be avoided but this alternative is quite
difficult since it is thermodynamically favored. Fortunately, the presence in a significant
amount of the organic functional groups in their structure, humins posses a wide potential for
valorization. Nevertheless, information about the use of humins wastes as raw materials for
the synthesis of CQDs are almost completely missing in literature in spite of their chemical
structure and morphology which recommend them for a such valorization way.

In the post-treatment stage a number of separation methods for the CQDs isolation,
including the dialysis process, have been investigated [7] but all these methods have a low
efficiency, high complexity, high cost, energy consumption, and produce a large amount of
wastewater and by-products. Facile and convenient separation of CQDs by liquid-phase
extraction should be developed but the application of this alternative is almost missing in
literature reports [8].

Herein, we demonstrate that the worthless humins by-product generated in the glucose
acid-dehydration can be successfully transformed into CQDs with ultra-small size,
homogeneous size distribution and bright luminescence (PL). Moreover, we demonstrate the
efficiency of a biphasic butanol/water system in which the low-temperature hydrothermal
synthesis of CQDs is combined with their liquid-phase extraction process in a single step.

Experimental

For the synthesis of CQDs an organic phase/water biphasic system (20 mL) was used.
As organic phase n-butanol was used, in the range of 1/1 — 1/5 v/v butanol/water ratio.
Humins (20 mg) were added to the biphasic system and the obtained mixture was vigorously
stirred at 180-200°C, for 4-12 h, in an autoclave. After synthesis, the layers were separated
and the bottom CQDs reach aqueous layer was collected and further analyzed by techniques
as ATR-FTIR, UV-vis and photoluminiscene spectroscopy (PL). The relative quantum yields
(Qys) of the CQDs were calculated by using fluorescein standard. To reveal the humins
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degree of decomposition during the hydrothermal synthesis the top brown organic layer was
also analyzed by GPC-SEC chromatography. The obtained CQDs were denoted: CQDr.p,
where T — represent the synthesis temperature and h — represent the synthesis time.

Results and discussion

A preliminary study was performed to optimize the synthesis parameters of CQDs in
single-phase system (water). The obtained results clearly showed that CQDs with small
dimension (< 10 nm), a preponderantly homogeneous size distribution and an intense blue
emission may be obtained at either to a high temperature and a short reaction time (ie,
CQDgg0-4) Or to a lower temperature and a longer reaction time (ie, CQD1go.12). Therefore, for
the biphasic butanol/water system (1/1 vol/vol ratio) the CQDs synthesis and their isolation in
a one-pot fashion was applied in these conditions.

It is well known that water and butanol spontaneously form two immiscible phases.
However, the wet butanol phase consists of an almost

equimolar mixture of butanol and water molecules / N -
[9]. The water content inside of butanol is structured | % %% .. PR b
and forms inverse micelles [9]. Inside of these water |* ‘ . ! . AN [
pockets ultra-small polar nanoparticles can be 1*1“::*"_,&}11“-::::1 - Sanees Fiags
trapped (Fig. 1). Taking into account these ,’-‘-’;-‘ *0'0 Sl o=t _0 *
statements we can claim that during the one-pot |= = o & R
synthesis of CQDs, the most polar CQDs are trapped L -=* ¢ oo S BB et

Into n_butanol phase along humln fragments (Flgure Figure 1. The schematization of the reverse micelles

formation and the entrapment of small polar CQDs in

1). The same effect was obtained with an increase in i piue - caps, brown — humins fragments)

water content from 1/1 to 1/2. This supposition was

also supported by GPC analysis of the separated butanol phase. The CQDs characteristics, in
terms of chemical composition, luminescence properties and QY will be discussed.

Conclusions

A novel green biphasic butanol/water system in which the low-temperature
hydrothermal synthesis of CQDs is combined with their liquid-phase extraction process in a
single step was developed. The developed biphasic butanol/water system methodology is
attractive not only in terms of efficiency and simplicity but also in terms of sustainability.
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Introduction

Coordination polymers are infinite systems build up with metal ions and organic
ligands as main elementary units linked via coordination bonds and other weak chemical
bonds [1]. Numerous multitopic organic ligands with specific binding strength and
directionality have been used to obtain coordination polymers. Among them, polycarboxylic
acids have been extensively employed, due to the tunability of the obtained structures and
their suitability for hydrogen storage, sorption, separation and sensing [2]. On the other hand,
amino-alcohols have received much less attention, in spite of the variety of coordination
modes or their capability for formation of hydrogen bonds [3,4].

In the present work we report on the synthesis and characterization of a MOF
synthesized under solvothermal conditions from zinc(ll) nitrate, triethanolamine (TEA) and
isophthalic acid. Owing to its porous network, the obtained MOF was tested in two selective
reactions: photo-oxidation of phenol to hydroguinone and aerobic photo-oxidative
condensation of benzylamine to N-benzylidenebenzylamine.

Experimental

Selective photo-oxidation of phenol to hydroquinone. 15 mg of photocatalyst were
added to 10 mL aqueous solution of 40 ppm phenol. Samples were irradiated for three hours
and 30 pL of solution were collected at 30 min intervals for HPLC investigation.

Photo-oxidative condensation of benzylamine to N-benzylidenebenzylamine. The
benzylamine selective photo-oxidation experiments were solvent free. In a typical experiment
50 mg of photocatalyst were added to 2 mL of benzylamine. Samples were irradiated for two
hours, with 30 uL collected after each hour for gas chromatography analysis.

Both sets of reactions were carried out by irradiation in the following conditions:
under UV with a UV lamp centered at 365 nm (2x120W Vilber Lourmat VL-340.BL, 11520
Lm, 33672 Ix), and under visible with a visible lamp (150W Philips Master Colour CDM-T
150W/830, 13500 Lm, 5810 Ix). Control experiments were carried out testing substrates
irradiated without catalysts and with catalysts stirred in the darkness. In all these cases the
conversion of substrates was zero.

Results and discussion

Photo-oxidation of phenol to hydroquinone. The evolution of phenol photo-oxidation
is presented in Figure 1. A conversion of about 20% was achieved after 180 minutes
disregarding the irradiation source (UV or Vis).
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Figure 1. Photo-oxidation of phenol under UV and visible light irradiation.

Photo-oxidative condensation of benzylamine to N-benzylidenebenzylamine. The
photo-oxidative condensation was performed under both UV and Vis irradiation. Time
evolution of the content of benzaldehyde in the reaction mixture is presented in Figure 2.
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Figure 2. Time evolution of the content of benzaldehyde in the reaction mixture.

Conclusions

The synthesized MOF proved to be active in the selective photo-oxidation of phenol
and, even more remarkably, in the selective photo-oxydation of benzylamine to form N-
benzylidenebenzylamine. The results are promising and highlight the potential application of
this kind of materials in photocatalysis.
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Introduction

Photocatalytic reactions driven by sunlight represent a promising way to address the
increasing environmental and energy concerns. Therefore, developing and optimizing highly
efficient photocatalysts under visible light has attracted worldwide attention. In particular, the
modification of TiO, with carbon nanomaterials such as CNTs, fullerenes and graphene, have
been used for the production of such photocatalysts [1]. However, CNTs and graphene easily
aggregate and are difficult to disperse in common solvents, limiting their wide applications
[2]. In this context, a new member of carbon family, namely carbon quantum dots (CQDs),
have recently attracted considerable attention as the next-generation of green multifunctional
nanomaterial with promising applications in photocatalysis. However, although CQD@TiO;
composites have been intensively investigated [3], their practical application it remains
challenging. This is the result of either costly precursors, complex instrumental set-ups or/and
post-treatment in the reaction system of most of the applied methodologies for CQDs
synthesis [4]. An important progress for sustainability was registered with the research
focused on low-temperature hydrothermal CQDs synthesis from non-edible biomass or
biomass waste streams as feedstock [5].

Here we report the development of CQD@TiO, composites in which CQDs were
synthesized by the low-temperature hydrothermal decomposition of humins wastes generated
during the glucose dehydration process. Their photocatalytic efficiency was evaluated in
methylene blue (MB) dye adsorption and degradation under visible light irradiation.

Experimental

Humins were prepared in agree with a recently reported hydrothermal decomposition
of D-glucose [6]. CQDs were synthesized by applying a hydrothermal treatment at
temperatures of 160-200 °C, for 4-12 h. The obtained CQDs were denoted as CQDr., where
T — represent the synthesis temperature and h — represent the synthesis time. CQDs@TiO,
composites were obtained by a hydrothermal method, following a reported methodology by
Zhang and co-workers [7]. Prepared materials were exhaustively characterized by adsorption-
desorption isotherms of liquid nitrogen at 77K, XRD, DRIFT spectroscopy, UV-vis
spectroscopy, elemental analysis, TG-DTA, SEM, TEM and STEM-EDS.

For MB discoloration, blue LED lamps (112W), emitting at 445-465 nm, and red
LED lamps (112W), emitting at 630-650 nm, were used as light source. To reach the
adsorption equilibrium prior illuminating all the systems were kept in darkness for 20 min.
The dye concentration was determined from a standard curve using the absorbance values
measured by the UV-visible spectrophotometer (SPECORD 250-222P108), which was
adjusted at 664 nm (wavelength corresponding to the maximum absorption of MB).
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Results and discussion

As XRD and ATR-IR measurements showed, the as-prepared CQDs possess different
structures and sizes of the carbon core, as a function of the hydrothermal synthesis
parameters. Moreover, the fluorescence emission study found that CQDs with brightest
luminescence were obtained at 200 °C and 4 h (CQD2go-4) or at 180 °C and 12 h (CQD1sgp-12).
Not the last, these CQDs exhibited excitation-independent photoluminescence for Aex = 240-
340 nm, while a red-shifted fluorescence emission was identified with an increase in the
excitation wavelength in the range 360-420 nm. This behavior indicates a relatively uniform
size distribution of CQDs but also the presence of a high amount of polar groups (such as —
OH and —COOQH) in the shell of the CQDs.

The XRD patterns of the CQD@TIiO, samples did not evidence diffraction lines
characteristic to CQDs, indicating their small loading weight, poor crystallinity, small size
and their high dispersion in the CQD@TiO, composites. This is also confirmed by STEM
analyses which evidenced the presence of ultra-small CQDs particles on the TiO, surface,
with a size of 2 nm, for CQDyg.4 and 8 nm for CQD1go.12. Moreover, the identical XRD
patterns with that of the TiO, carrier, without diffraction lines shifting, demonstrate that the
CQDs were just well deposited on the surface of the TiO, and not incorporated into its lattice.
This is also confirmed by DRIFT analysis which evidenced the presence of bands
corresponding to —COQTi- group. When coupling CQDs with TiO,, the CQDs anchored on
the surface of TiO, increases its surface roughness, resulting in the formation of a
heterointerface between CQDs and TiO,.

Conclusions

In summary, we succeeded to synthesize CQD@TiO, photocatalytic composites in
which carbon quantum dots (CQDs) were produced by hydrothermal decomposition of
humins wastes. The materials display a high adsorption capacity of MB and its photocatalytic
decomposition. The CQDs play an important role in the visible light photocatalytic process.
First of all, the electrons photogenerated from TiO, can be trapped by the CQDs and retard
the recombination of photoexcited electron-hole pairs. What’s more, these heterostructures
formed between CQDs and TiO; can greatly prolong the life of the photoexcited electron and
hole pairs. All this aspects will be presented and discussed in detail.
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Introduction

Searching for novel synthetic procedures which enable control over particle shape,
size and crystallinity is highly demanded. Intensely studied metal-organic frameworks
(MOFs) known for their high porosity and sophisticated structures distinguish from other
materials with a unique morphology. MOFs are reticular structures, where building blocks are
made up of organic linkers, and metallic nodes. The morphology of MOF crystallites is
mainly determined by their composition. It is proven that particles shape and size affect
material properties which further can influence its broad application in different fields. In
conventional MOF syntheses, salts are used as metal reservoirs, however easily soluble
particles cannot maintain their shape. A novel attempt to gain control over particle shape and
size is using metal oxides which simultaneously can be structure-direct agents and a metal
source. Metal oxides’ low solubility and shape preservation facilitate better control over
metal ions diffusion and MOF growth. Therefore, metal oxide conversion to MOF qualifies
as an alternative synthetic route. Careful optimization of synthesis parameters can lead to
efficient metal oxide conversion resulting in new MOF materials. The recent reports present
mostly zinc or copper oxides as substructures for ZIF-8 and HKUST-1, respectively [1].
Concurrently, there is a multitude of other MOFs which offer a variety of applications. For
instance, cobalt-based MOFs (Co-MOFs) are famed for their catalytic activity or use in
energy storage [2]. However, Co30., which is the potential foundation for obtaining these
materials, has not been explored due to its high stability and insolubility in aqueous solutions.

In the presented work, the aim was to obtain unique Co3O4 particles and apply them in
the Co-MOF synthesis. The optimization of the Co30, transition to Co-MOF was conducted.
All materials obtained were characterized with the use of different analytical techniques
including X-ray diffraction, elemental analysis, thermogravimetric analysis, and scanning
electron microscopy with energy dispersive X-ray spectroscopy.

Experimental

Firstly, Coz04 was synthesized via a hydrothermal approach. Different salts were used
as a metal source, such as CoCl, and Co(NOs), in the presence of urea and surfactant
hexadecyltrimethylammonium bromide (CTAB) as a capping agent. The aqueous solution
was subjected to a thermal treatment at 120 °C for 12 h. In the end, the obtained precipitates
of cobalt hydroxides were calcined in various temperatures in the range of 300-500 °C.

As synthesized Coz04 were subsequently applied as cobalt cations source, along with
1,3,5-benzenetricarboxylic acid as a linker in the solvothermal synthesis of Co-MOF. They
were dispersed in a mixture of solvents (water, dimethylformamide, and ethanol) with a small
addition of inorganic acids (HF and HNOs3). Final solutions were placed in the Teflon-sealed
autoclave and heated at 120 °C at various times (6-48 h). The materials obtained were filtered
and dried.

Results and discussion

It was established that the synthetic routes have led to the formation of Co30,
nanosheets and spherical Co-based MOF (Fig. 1). The diffractograms showed crystalline
phase for Co30,4, and also for Co-MOF. The Co30, obtained indicated a dependence of
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particles size and sheet width on the type of salt and temperature of calcination. Co304
synthesized from nitrates and using low-temperature calcination resulted in smaller particles
and thin sheets. Moreover, the study indicated that cobalt oxide particles of different sizes
influence the efficiency of conversion to Co-MOF. It was established based on reducing
intensity of CosO, reflections in MOF diffractograms and also on the results of elemental
analysis and the increasing amount of carbon. The highest conversion was achieved using
metal oxides with small crystallites. Also, the time of the solvothermal reaction was crucial,
indicating that longer syntheses (over 24 h) are more effective leading to nearly full Co304to
MOF transition.

Conclusions

The presented solvothermal methods can be successfully applied for preparation of
Co-MOF from Co30,4 nanosheets. By optimization of synthetic parameters such as the
temperature of Co304 calcination and time of its reaction with organic linker it is possibile to
control metal oxide—-MOF conversion. It is an alternative for cobalt-based MOF syntheses,
which opens a new pathway for obtaining highly applicable materials e.g. in catalysis or
energy storage.
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Introduction

With the rapid development of economy, there are more and more toxic gases
generated in the environment. That is why various sensor-based technologies are needed to
ensure the safety of industrial production and improve the public health conditions [1].
Sensors based on metal oxide semiconductors (MOSSs) such as WO3 [2], CuO [3], ZnO [4],
SnO; [5], In,03 [6], and NiO [7] have been extensively used to monitor air quality [8], food
safety [9], aerospace [10], and medical diagnosis [11] because of their excellent properties
including easy production, low power consumption, and high security [1].

Experimental

The metal oxide considered in this study, i.e., nickel oxide, is a p-type semiconductor
with a face centered cubic structure and a reported band gap energy between 3.6 and 4.0 eV
[12,13]. It is an attractive material well known for its chemical stability as well as for its
excellent optical and electrical properties [13]. NiO is an attractive material for gas sensor
[14] applications as well as in other areas [12,13].

It is well known that the preparation method and the deposition parameters play an
important role in the physical properties of metal oxide-based gas-sensing layers.

Therefore, we present some original results to demonstrate the potential use of NiO
thin films as gas sensors. This study highlights the properties of thin films obtained by two
different deposition techniques: DC Reactive Sputtering and Advanced Gas Deposition
(AGD).

Films have been characterized by SEM and XRD. Also, sensing measurements on the
NiO structures to different test gases (H,S, CO, and NO,) were performed. Figure 1
illustrates the sensing properties.

Results and discussion
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Figure 1. Sensing properties modulated by the operating temperature.
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The best results were obtained in the case of the H,S gas tests. When operated at ~ 25
° C, NiO-AGD has a pronounced selectivity of S ~4000 and for NiO-DC Reactive Sputtering
at the same operating temperature an S ~900 response was recorded. For NO, and CO, test
gases the signal is negligible. The results presented in this paper are promising for further
development of gas sensing devices.
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Introduction

Perovskite solar cells (PSC) have been reported to yield outstanding power
conversion efficiencies [1-3]. This performance is due to the perovskite active layer, which
exhibits excellent optical absorption properties, as well as long charge carrier diffusion length
and direct bandgap transition [4]. However, there are still several drawbacks [5-7] that must
be overcome in PSC technology and fabrication, before they may be considered as a viable
alternative to silicon solar cells, the main solar energy converters marketed today. Accurate
device and material characterizations are crucial for resolving these shortcomings.

The two most widely used models in solar cell device characterization are the one
diode equivalent model (see Fig. 1a), respectively its more complex derivation, the two-diode
model (see Fig. 1b).

R Ry

O ¥

a) b)
/] 7]

Figure 1. Equivalent circuit models used for solar cell device characterization: a) the
one diode model, and b) the two-diode model, where I, is the current source which models
the photocurrent generated within the cell under illumination, diodes D and D; model the p-n
junction in the cell, diode D, represents the charge carriers recombination that takes place in
the junction at low voltages, the series resistance Rs models the interface defects found
between the active layer and the electrodes, and the parallel (or shunt) resistance R, models
the bulk defects in the active layer of the cell.

Experimental

This paper focuses on the two-diode model, which provides a more accurate
approximation of device parameters. Each component in the two-diode equivalent circuit
models a certain effect that appears in the solar cell under illumination, as follows: the current
source I models the photocurrent generated within the cell under illumination, diode D;
models the p-n junction in the cell, diode D, represents the charge carriers recombination that
takes place in the junction at low voltages, the series resistance Ry models the interface
defects found between the active layer and the electrodes, and the parallel (or shunt)
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resistance R, models the bulk defects in the active layer of the cell. The current | yielded by
this circuit represents the current yielded by the cell under illumination, and it is described by
the following equation:

= e 22 ) - o[22 - ) - 22 ®

where e is the elementary electron charge, U is the voltage yielded by the cell, k is the
Boltzmann constant, T is the temperature, 1o is the dark saturation current of diode D, v1 is
the ideality factor of diode D1, 1y, is the dark saturation current of diode D, vy, is the ideality
factor of diode D,, respectively. The seven circuit parameters necessary for solar cell
characterization are: Iy, Rs, Rp, v1, Y2, lo1, lo2, and they must be extracted from Equation 1.
However, equation 1 is implicit, therefore it cannot be resolved analytically, numerical
methods must be considered for parameter extraction. Based on previous work conducted on
the one diode model [8-10], this paper proposes a method involving the Lambert W function,
tailored for extracting the parameters of interest. The method is applied on the experimental
data obtained for a perovskite solar cell, and the results are compared with the values
obtained using other parameter extraction methods, in order to demonstrate accuracy.
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Introduction

Silymarin (Silybum marianum), a natural mixture of flavonolignans with valuable
worldwide-known medicinal properties, is slightly soluble in both organic and aqueous
media, thus consisting of its drawback on cellular adsorption and bioavailability. Silybins (A
and B, 1:1) are one of the most biologically active compounds from silymarin [1].
Structurally, these are responsible for weak acidic properties due to the chromone ring that
enables donor-acceptor interactions with basic counterparts. Meanwhile, the presence of
polyphenol hydroxyls sustains the ability to form complexes with transitional metal ions,
imprinting high oxidant activity to the molecule [2].

In the frame of drug and cosmetic formulations, we propose a biocatalytic cold-active
lipase-mediated system for the acylation of silybin A/B, with proper fatty acids or esters to
improve the initial liposolubility. The biocatalyst is founded on the protein material
extracellularly produced by a novel Psychrobacter sp. Extracted from Scarisoara Ice Cave
(Romania) [3].

Experimental

Structural analysis was conducted through bioinformati tools and plate screening
assays evidenced the existence of lipases outside the bacterial cell. The relative enzyme
activity was evaluated for both free and immobilized biocatalysts using the standard method
of p-nitro phenylbutyrate hydrolysis, while the immobilization performance was evaluated
through FT-IR and SEM techniques. The performance of the biocatalytic system was
followed up through HPLC-DAD method of detection and quantified in terms of substrate
conversion for silybin (trans)esterification. The conditions of the experiments regarding the
biocatalytic transformation are listed in Table 1.

Table 1. Conditions of the biocatalytic system.

60 mM Octanoic Acid
30 mM Oleic Acid

45 mM Me-decanoate 10% biocatalyst
40 mM Me-laurate (V/v)

35 mM Me-miristate
30 mM Me-plamitate

2 mM Silybin A/B

25 °C, 24h, 1000 rpm

Results and discussion

Genome of Psychrobacter sp. Of Scarisoara Ice Cave revealed the existence of
bacterial lipases from Family IV and V, and through plate screening tests on Tween 80 and
olive oil substrates the extracellular lipolytic activity of the strain was evidenced. Total
protein material was partially purified with 80% acetone precipitation procedure and
concentration ranged between 5-7 mg/mL.
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The protein material was immobilized on different nano-/micro-sized magnetic and
polymeric resin supports through covalent bonding, and FT-IR interferograms and SEM
micrographs revealed good protein attachment. Finally, five potential biocatalysts were
obtained, whose functionality based on lipase activity was further studied in contrast to the
unimmobilized biocatalyst.

Good lipolytic activity was established in terms of Km and catalytic efficiency on p-
nitrophenyl butyrate substrate at two different temperatures (25 °C, 40 °C) to highlight the
cold-active character preservation during multiple-step process of biocatalyst design.

Silybin esters were produce when silybin substrate reacted with different acylating
agents: octanoic acid, oleic acid, methyl decanoate/laurate/myristate/palmitate. Performance
of the biocatalytic system was evaluated as substrate conversion via HPLC-DAD with
percentages of success of 40% for free biocatalyst and 70% for immobilized specimens.
Increased activity for immobilized specimens is attributed to lipase stabilization in the solvent
and the interfacial activation is promoted. Part of the results are displayed in Fig. 1.

- 0 . loo
A & 80 = 30 B
50 2= 60

Figure 1. Experimental data. A, B: esterification process of silybin with octanoic and oleic
acid. C, D: transesterification process of silybin with methyl myristate and palmitate.

Conclusions

A valuable biocatalytic process was successfully elaborated for silymarin improved
bioavailability. Acylation of silybin to corresponding esters was achieved by cold-active
biocatalysts, free or immobilized. The cold-active biocatalysts were wisely chosen to promote
energy saving mode from the cold-pressed milk thistle oil technology to produce and improve
silymarin.
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Introduction

Lignin is a component of lignocellulosic plants which can be an alternative raw
material with enormous potential to replace diminishing fossil-based resources for the
sustainable production of many chemicals and materials, including petroleum-based products.
It is one of the most abundant natural bio-polymers with high heterogeneity, strong intra- and
intermolecular hydrogen interactions and modifications introduced during the pulping
process which represent a challenge for researchers. Key enzymes can be used to tailor lignin
properties such as composition or functional groups in order to obtain new polymers with
predictable properties (Scheme 1) [1].

Scheme 1. Enzymatic pathways leading to lignin derivatization [1].

In this study, we investigated biocatalytic routes for the derivatization of lignin.
Firstly, lignin was reacted with aniline in the presence of various peroxidase enzymes and
H,0, as oxidation reagent. The oxi-polymerization process led to an amino-derivatized lignin
with controlled properties (e.g., conductivity, acidity/basicity, thermostability) [2-3]. The
grafting bioprocess was optimized working with different concentrations of biocatalyst and
different types of lignins. Secondly, the lignin was grafted with a carboxymethylation agent
(dimethylcarbonate-DMC) using lipases as biocatalysts. Both free and immobilized lipases
were investigated and temperature/DMC concentration was varied.

Experimental

Different types of lignins and peroxidases were tested in the grafting process with
aniline. A phosphate buffer saline (PBS) solution (10 mM pH=7.4) and 30 wt % solution of
hydrogen peroxide (H,O,), methanol (MeOH), Na,COj Folin-Ciocalteu reagents of
analytical purities were purchased from Sigma-Aldrich. The reaction was set up at 40 °C
temperature, 24 h and 1000 rpm. For the carboxymethylation process, different types of free
and immobilized lipases were tested in the presence of DMC (also from Sigma Aldrich) and
PBS buffer at different reaction temperatures, 24 h and 1000 rpm.

Results and discussion
The derivatized lignins were characterized in order to identify the resulted chemical
structure and the induced properties. Thus, the insertion of the amine groups was certified by
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'H-NMR technique, where NH protons were detected in the range of 5.01-4.99 ppm and
carboximethylation process was demonstrated by *C-NMR, where carbonate carbonyl
carbons were detected at 154 ppm respectively. The FTIR spectra collected before and after
the grafting/carboxymethylation bioprocess evidenced as well the lignin modification.
Additionally, the grafted/carboxymethylated lignin was characterized using conductivity
measurements, gel permeation chromatography (GPC), thermogravimetric analysis (TGA),
temperature-programmed desorption (TPD-NH3/CO,), scanning electron microscopy (SEM),
and nuclear magnetic resonance (NMR) analyses. All these characterizations provided clearly
evidences for a successful bicatalytic derivatization.

Conclusions

A new strategy for the derivatization of lignins using a biocatalytic alternative was
demonstrated considering as modifiers amino and carboxymethyl groups. The produced
changes afforded suitable characteristics for industrial applications, such as ion-exchange
resins, cationic surfactants, flocculants, coagulants, heavy metal adsorbents or support for
protein immobilization [4].
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Introduction

Monoterpenes are a class of compounds with wide occurrence in nature, acting as
natural defense against herbivores, and to attract pollinators. Terpenoids are the
corresponding oxygenated derivates and are used as flavor and fragrance products [1].
Therefore, an increased interest for developing methods for monoterpenes valorization, and
previous studies showed the bioconversion of limonene to limonene-1,2-diol is achievable
using whole cell biocatalysis [2]. However, this method has some drawbacks, such as:
difficulty of controlling the process, low tolerance of substrate concentration, and high
chances of side reactions [3]. Therefore, we propose a bienzymatic cascade pathway that
overcomes the mentioned disadvantages.

Experimental

The material was characterized using infrared and ultraviolet-visible spectroscopy
before and after co-immobilization. For the applications of the bienzymatic biocatalyst
sampes were prepared with the following components: 1.6 mols/ L monocyclic monoterpene,
1.6 mols/L octanoic acid, 0.1 mols/L phosphate-buffer saline with pH of around 8, 11 mg
biocomposite, 0.3 milimols trisodium citrate. Gas chromatography was used for analysis.

Results and discussion

We analyzed the bienzymatic biocatalyst using IR and near UV spectroscopy, and the
resulting data showed that the immobilization was successful. We tested the system using
lipase — hydrolase enzymes couple for different substrates transformation, eg I-(+)-limonene
and o-phellandrene. The experiments were performed with Novozym®435 (Candida
antarctica B lipase immobilized on acrylic support), Novozym®435 in the presence of free
hydrolase, and hydrolise@Novozyme®435 biocomposite. Novozym®435 in the presence of
free hydrolase (CH55-LEH) allowed achieving a conversion of 45% I-(+)-limonene and a
diol yield of 27%. On the other hand, the biocomposite transformed 74% of 1-(+)-limonene
with 39% vyield in limonene-1,2-diol. Additionally, the biocomposite offered 47% of a-
phellandrene conversion with 31% yield in p-menth-5-ene-1,2-diol. In all the cases, the
enantiomeric excess was above 90% for (1S, 2S, 4R)-(+)-limonene-1,2-diol and (1S, 2S, 4R)-
p-menth-5-ene-1,2-diol. The results are displayed in Fig. 1.

80
60
m Conversion
40 7 M Epoxideyield
20 - — Diol yield
0 -
a-phellandrene (R)-(+)-limonene

Figure 1. Bienzymatic biocatalyst efficiency.
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Conclusions

The developed bienzymatic system exhibited an efficient enantio-biotransformation of
I-(+)-limonene/ a-phellandrene into diol derivatives which find many applications in the
industrial field.
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Introduction

In recent years, considerable attention has been paid to hydroxychloroquine (HCQ)
that antiviral activity was tested against the HIV-1, poliovirus, Ebola virus, hepatitis A,
SARS-CoV-1, and SARS-CoV-2 [1,2]. This drug is effective for the treatment of discoid
lupus erythematosus, malaria, rheumatoid arthritis, and antiphospholipid syndrome [3].
Nevertheless, it was reported that hydroxychloroquine showed several adverse effects such as
gastrointestinal disorders, myopathy, retinopathy, and hepatic failure [4]. In order to dimmish
them and to reduce the frequency of drug daily dosage, it is suggested to apply ordered
mesoporous silicas as drug carriers. These nanomaterials can be used as ideal candidates for
hosting active compounds mainly due to their nontoxicity, high stability, well-developed
surface area, and great pore volume [5]. The aim of this study was to apply mesoporous
silicas in the adsorption and release of hydroxychloroquine. The SBA-15 and SBA-16
materials were selected to be modified with 3-aminopropyltriethoxysilane and copper(ll)
chloride. The amino-functional groups were introduced to the surface of these materials to
improve their sorption abilities towards the drug, while copper was chosen because it is
reported that exhibited antiviral and antibacterial activity.

Experimental

Pristine and functionalized samples were synthesized and characterized by various
techniques such as X-ray diffraction, small-angle X-ray scattering, low-temperature nitrogen
sorption, transmission electron microscopy, X-ray photoelectron spectroscopy, infrared
spectroscopy, laser diffraction, and elemental analysis. Next, these nanomaterials were
applied as carriers for hydroxychloroquine. The drug loading into mesoporous silica was
achieved in adsorption processes. Series of aqueous drug solutions with concentrations from
the range of 6.25 to 125.00 mg/dm?® were prepared. 0.04 g of each nanomaterial (SBA-15,
Cu/SBA-15-AS, SBA-16, and Cu/SBA-16-AS) were suspended in 50 cm® of
hydroxychloroquine solutions. As prepared samples were shaken steadily in a shaker for 24 h
at room temperature. Afterward, the mixtures were filtered off and the concentration of HCQ
found in the supernatant liquid was measured at the wavelength of 231 nm by
spectrophotometer UV-Vis. Next, the release behavior of hydroxychloroguine from
unmodified and modified materials was studied in three different conditions to simulate
gastric fluid (pH 1.2), intestinal fluid (phosphate buffer of pH 5.8), and saliva (phosphate
buffer pH 7.2).

Results and discussion

The results proved that both unmodified and modified mesoporous silicas were
successfully obtained. Pristine SBA-15 and SBA-16 materials were characterized by high
surface area, ranging from 703 to 727 m%/g, respectively. The modification of materials with
aminosilane and copper(Il) chloride led to decrease in the specific surface area and pore
volume for both Cu/SBA-15-AS and Cu/SBA-16-AS. Based on small-angle X-ray scattering
profiles and transmission electron microscopy images it was found that pristine SBA-15 and
SBA-16 had highly ordered mesoporous structure, while for the modified materials the
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degree of mesostructure ordering decreased. The results revealed that the adsorption process
of hydroxychloroquine was more efficient on the surface of copper and aminosilane modified
materials only at low drug concentrations (Fig.1A). It was found that pore volume is the
significant parameter that had an influence on the drug sorption capacity. The highest amount
of HCQ was adsorbed on SBA-15 with the largest pore volume (0.614 cm®/g) compared to
other ordered mesoporous silica materials obtained. The results proved that the release
behavior of hydroxychloroquine from ordered mesoporous silica was determined by different
factors including pH conditions, textural parameters, surface charge, and presence of surface
functional groups. The biggest differences in the HCQ release profiles were found at pH 7.2
(Fig. 1B).
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Figure 1. Adsorption isotherms of HCQ on modified and non-modified ordered silica
materials (A) and release profiles of HCQ from modified and non-modified mesoporous
silica materials at pH 7.2 (B).

Conclusions

Based on these findings it is suggested that functionalized mesoporous silica materials
could be applied as smart carriers for hydroxychloroquine that will enable the release of the
antiviral drug at the chosen location of the body in a controlled manner.
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Introduction

Migraine is now the sixth most common disease in the world. The drugs usually
applied during migraine attacks are non-steroidal anti-inflammatory drugs, which include, i.e.
ketoprofen, diclofenac, and naproxen [1]. Despite a large amount of anti-migraine substances,
it was still not possible to find the ideal drug. Current migraine treatment and prevention
strategies focus on finding solutions that will simultaneously increase the effectiveness and
absorption rate of the drugs taken, as well as reduce their side effects. Therefore, the best idea
is using porous nanomaterials whose unique physicochemical properties make them
promising drug carriers. Metal-organic frameworks (MOFs) are good candidates for
biomedical applications due to their porous nature, modular structure, and readily chemical
functionalizability. They can be commonly used as active compound carriers, bioimaging and
therapeutic agents. The porosity and topology of MOFs can be modulated through post-
synthetic modification, variations of the metal-node and pre-designed ligand geometries.
Organic linkers (e.g., carboxylates, imidazolates, or phosphonates) in the hybrid structure of
MOFs provide biocompatibility and high sorption capacity towards different drugs, while
inorganic groups can be optimized for controlled release profiles [2-4]. The aim of the study
was to synthesize MOF materials with different morphology and porosity, and to evaluate the
importance of their physicochemical properties during the adsorption and release of
diclofenac.

Experimental

Metal-organic frameworks were synthesized under solvothermal conditions in
autoclaves. Obtained MOFs included MIL-88A, MIL-101(Fe) and MIL-53(Fe). These
materials consisted of iron cations and organic linkers, i.e. terephthalic acid and fumaric acid.
The materials were subjected to detailed physicochemical characteristics using X-ray
diffraction, low-temperature nitrogen adsorption/desorption, elemental analysis, scanning and
transmission electron microscopy. To determine the adsorption properties of selected MOFs,
a series of adsorption experiments were conducted at room temperature. 25 mg of each
nanomaterial were suspended in 50 mL of diclofenac solutions. As prepared samples were
shaken steadily in a shaker (KS 4000i control, IKA, Germany) for 24 h. Afterward, the
mixtures were filtered off and the concentration of drug found in the supernatant liquid was
measured at the wavelength of 276 nm by spectrophotometer UV-Vis (Cary 60, Agilent). The
release experiments of diclofenac from MOF materials were performed in the conditions to
simulate intestinal fluid (phosphate buffer of pH 5.8). The receptor fluids were maintained at
37.0 °C + 0.50 °C with the stirring of speed 100 rpm.

Results and discussion

Scanning electron microscopy images of the resulting products revealed the formation
of hexagonal rods in case of MIL-88A. MIL-53(Fe) and MIL-101(Fe) show an octahedral
morphology. MIL-101(Fe) had the highest surface area (584 m?g) and pore volume (0.54
cm®/g) among synthesized adsorbents. The isotherms of diclofenac adsorbed on the surface of
MOF materials are depicted in Fig. 1. It was observed that at low initial drug concentrations
the active sites of samples were highly accessible for drug loading and its adsorption was
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random. With increase in diclofenac concentration, the drug molecules were tightly packed
on the surface of MOFs. At high diclofenac concentration the sorption capacity was constant
because all available active sites were occupied either by drug molecules that could compete
with each other or with water molecules. It was observed that the amount of diclofenac
adsorbed is significantly different depending on the selected material. MIL-88A is the most
effective adsorbent of the drug, even though it is characterized by the smallest specific
surface area (10 m%g). This could be explained by the electrostatic interactions between the
positively charged amine groups derived from diclofenac and the negatively charged
carboxylic groups from fumaric acid present in linker of MIL-88A.
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Figure 1. Adsorption isotherms of diclofenac onto metal-organic frameworks.

Conclusions

Metal-organic frameworks have been found promising adsorbents of diclofenac. The
highest amount of drug was adsorbed on MIL-88A. Morphological irregularities and specific
functional groups created new adsorption sites for diclofenac, supporting host-guest
interactions that enable high drug loading. Additionally, it was found that the diclofenac
release rate exhibited pH sensitivity. These phenomena allow control of the experiment
according to the needs.
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Introduction

In the past few years, a big attention has been paid to valorizing terrestrial biomass as
renewable and inexpensive feedstock for producing chemicals and fuels for replacing fossil-
based ones [1]. The valorization of glucose to its oxidation products, such as gluconic acid
(GIA) or glucaric acid (GA) is quite interesting and promising as such processes can easily be
integrated in already existing carbohydrate technologies [2]. GIA and GA are used in many
fields, including construction industries, food additives, pharmaceutical, raw materials, textile
and paper industries [3] In this respect, many studies on catalytic oxidation were made by
using noble metals (i.e. Pt, Au or Pd) supported on different carriers and in the presence of
aqueous alkali solutions [4]. However, the high price of noble metals demands innovating
cheap alternatives where transition metal-based heterogeneous catalysts would be preferred
[5]. Also, for environmentally friendly considerations (i.e. high stability, reusability,
inexpensive and ease of separation from the reaction media), the use of heterogeneous
catalysts based on core magnetite has been developed [6]. By rationally tuning the shells of
such materials, a range of core—shell nanoparticles can be produced with tailorable properties
such as; acid-base and/or redox properties that can play important roles in various catalytic
reactions which can offer green and sustainable solutions for the environmental problems [7].

In this context, the use of these materials for transformation of bio-renewable
feedstock to highly attractive bio-chemicals are becoming an effective method of minimizing
pollution and improving the efficiency of energy utilization [8].

In this work, we aimed to synthesize highly performance, cheaper, excellent stability
and convenient recycling catalytic system based on Fes0,@S@A@M(5%)Oy (where S: SiOy,
Ce0, and ZrO,, A: 3-aminopropyltriethoxysilane and M: Cu, Co and Ni). Obtained catalytic
systems have been applied in the selective oxidation of D-glucose to carboxylic acid products
(i.e. GIA, GA).

Experimental

All the catalysts were prepared by using the procedure described as following: the
magnetic core was prepared by coprecipitation method (Fe**/Fe*?), followed by adding the
first shell (SiO,, CeO, and ZrO,) by precipitation. After that APTES was linked to the shell in
the presence of toluene for 24 h at 80 °C and mild stirring. Finally, the metal oxides were
deposited on the support by using metal precursor salts in the basic aqueous solution for 24 h
at room temperature. The solids were separated, washed, dried and calcined under inert
atmosphere for 3 h at 250 °C. The catalytic oxidations of glucose to carboxylic acids were
carried out using a 16 mL autoclave reactor in water as solvent and oxidants like O, or H,0..
The reactions were carried out under 0-5 bar of O, at different temperatures and reaction
times. Reaction products were analyzed by GC-MS and HPLC.

Results and discussion
Prepared catalysts were exhaustively characterized before and after catalytic test by
XRD, DRIFT, TG-DTA, etc. The obtained results from XRD and FTIR spectra indicated that
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the magnetic core was successfully covered by all types of the shells (SiO,, CeO, and ZrO,).
Also, APTES were strongly linked to both the first shell and the deposited metal oxides. No
specific diffraction lines for MO, were evidenced, which indicated their formation as small
crystals uniformly dispersed. The TG-DTA shows that all the prepared catalytic samples
were stable under the reaction conditions. The catalytic results revealed different oxidation
products as a function of support/metal oxides combination and the reaction conditions. In
case of SiO,/CoOy based catalyst, for instance, the mainly product was gluconic acid which
transformed into glucaric acid by increasing the reaction time. For the SiO,/CuOy based
catalyst, on the other hand, the oxidation takes place towards low molecular acids, such as
glycolic acid. The catalysts were recycled more than four times without losing their
efficiency.

Conclusions

The relationship between the Fe30,@S@A@M(5%)0Oy catalysts structures and their
catalytic performance was investigated. The characterization results show the successful
homogeneously incorporated metal oxides with high dispersion on the shells. The catalytic
results strongly depend on the nature of the support, metal oxides and the reaction conditions.
Optimal catalytic features and reaction conditions as well as the catalytic performances —
catalytic properties correlation will be discussed in detail. The new proposed catalytic
systems do not contain noble metals, are highly efficient, can be separated by applying an
external magnetic field and are recyclable.
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Introduction

Collagen and keratin based biomass is an important bioresource with potential to be
recovered and reused in advanced materials in the frame of circular economy concept.
Leather industry processes a by-product from meat industry which if it were not capitalized it
would cost US$1040 million per year adding ground, water and air pollution [1]. In the last
18 years [2] hide processing has made many advances in terms of environmental impact,
water consumption has fallen 2.5 times, energy consumption has fallen 1.96 times, and solid
waste has remained at the same level. Wool represents a recent waste due to its low quality,
unsuitable for textile industry. At the EU level, a resource of 150,000 tons of unmarketable
wool, which represents about 75% of total wool production per year, becomes waste. The
paper presents results obtained for the extraction, solubilization and refining of collagen and
keratin hydrolysates and the obtaining of value-added products that have been tested as plant
growth biostimulants, nanostructures for skin cellular restoration or organic tanning material
for hide and leather processing.

Experimental

Collagen based waste was supplied by a local tannery and wool waste from sheep
breeders. Chemical reagents of analytical grade (CaO, NaOH, H,SO,, CH3;COOH) were
purchased from Chimopar SA Bucharest, Romania, poly(ethylene oxide)-PEO was supplied
by Alpha Aesar and Alcalase 2.5L with activity of 2.4 AU-A/g was purchased from
Novozymes. Whey and mimosa vegetable tannin, two renewable materials were purchased
from Deco and Silvateam Italy. Collagen hydrolysates (CH, CHC) were obtained from tanned
waste by alkaline-enzymatic hydrolyses according to the method previously described [3].
Keratin hydrolysate was solubilized from degreased wool by alkaline hydrolysis with 10%
sodium hydroxide at 800 °C for 4 hours (KH, KHL) [4]. The characterisation of the protein
hydrolysates was performed by standard methods for dry substance, nitrogen, protein, ash,
cysteine, sulphur content and pH. The molecular weight was determined by gel permeation
chromatography (GPC) using an Agilent Technologies instrument (1260 model) equipped
with PL aqua gel-OH MIXED-H column and multi-detection unit. Depending on molecular
weight the protein hydrolysates were used for preparation of plant biostimulation and
nutrition product, nanofibers for wound dressings and organic tanning materials. Plant
biostimulants were prepared by mixing collagen and keratin hydrolysates with low molecular
weight with macro and micronutrients based on P, K, N, Cu, Fe, Mg, Mn, Mo, Zn and B and
were tested on maize plant foliar fertilization in comparison with water treated plants. The
chlorophyll content and weight of the combs were the indexes for biostimulation efficiency
identification. High molecular weight collagen and keratin hydrolysates were used for
nanofibre fabrication for new wound dressing design by using uniaxial electrospinning
equipment (TL-Pro-BM, China) with a flow rate of 1-3 mL/h, voltage of 18-25 kV and
distance from the needle to collector from 10-12 cm. In view of spinnability improvement
collagen hydrolysate was mixed with 1.5% wi/v chitosan solution and keratin hydrolysate was
mixed with 10% w/v PEO. Collagen and keratin hydrolysates were mixed with whey and
mimosa vegetable tannin in view of a new renewable tanning material development as
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alternative to metal based tannins. The tanning properties were tested by pre-tanning picked
sheepskins followed by shrinkage temperature determination for collagen crosslinking
assessment and organic retanning for full organic process demonstration as alternative to the
use of basic chromium (I11) salts.

Results and discussion

The main properties of collagen and keratin hydrolysates were listed in Table 1 and
show that different protein hydrolysates can be tailored by alkaline and alkaline-enzymatic
hydrolyses of leather industry waste and coarse wool. The potential of advanced materials
preparation from low or high molecular weight proteins is shown in Fig. 1, from plant growth
biostimulant (Fig. 1a,e), organic pre-tanning and retaning new material (Fig. 1b,f) to collagen
and keratin based nanofibers for wound healing (Fig. 1c,d,e). Chlorophyll index was 10%
higher as compared to control sample and the comb weight increased by 101.4%. Collagen
shrinkage temperature of pretanned sheepskins was 69-720 °C which is acceptable for
organic tanned leathers. The protein based mixtures were suitable for nanofiber mats
development.

) _ ] !

a) b) A ‘;rj,-_‘,j =i
Figure 1:a, e) Plant biostimulant; b,

) DR el B e)
f) organic tanning material; c, d, e) nanofibers for wound
dressing

Conclusions

Advanced materials with bioactive properties and collagen crosslinking properties
have been demonstrated by processing collagen and keratin-based by-products. The obtained
products meet the requirements of the circular economy for the leather industry and
agriculture.
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Introduction

Heavy metal poisoning may occur as a result of industrial exposure, air or water
pollution, contaminated medicines, improperly coated food containers, or the ingestion of
lead-based paints. There are various methods for the removal of heavy metals from the
human body, however, if the renal system is severely affected, hemodialysis is the most
recommended one [1]. Amongst synthetic polymers used for the production of hemodialysis
membranes, polysulfone (PSF) remarks itself in virtue of its appropriate physico-chemical
and biological properties, such as good solubility in a large range of polar aprotic solvents,
high thermal and mechanical resistance, chemical resistance on the entire range of pH and in
oxidative medium, intrinsic biocompatibility, high permeability for low molecular weight
proteins and high endotoxin retention ability [2]. In comparison with neat polymeric
membranes, composite ones present clearer pore channels, higher porosity and show better
results in terms of filtration rates and toxin retention [3]. According to various studies, the
incorporation of carbonaceous compounds, particularly reduced graphene oxide (rGO), in
polymeric membranes increases their thermal stability, improves bioactivity and mechanical
properties [4]. The purpose of this study was the synthesis of a novel generation of composite
membranes based on polysulfone and reduced graphene oxide. The membranes were
obtained by blending polysulfone with reduced graphene oxide particles that were previously
functionalized with 4 -aminobenzo-15-crown-5 ether (AB15C5) in order to provide them the
ability to retain metal ions. Crown ethers are cyclic molecules that play a crucial role in the
formation of host—guest complexes due to their ability to accommodate positive metal ions,
coordinated to the ring of oxygen atoms inside their central cavity [5, 6] Therefore, these
novel PSF-based membranes could be successfully used in “one day hemodialysis”
procedures, employed in the case of heavy metals poisoning. The novelty degree of this study
is represented by the functionalization method that ensures the formation of covalent bonds
between the reduced graphene oxide and the complexation agent (AB15C5), thus preventing
the release of the active compound in the bloodstream.

Experimental

First, reduced graphene oxide with surface amine groups (NH,-rGO, Nanoinnova)
was functionalized with 4’-aminobenzo-15-crown-5 ether (Sigma Aldrich) using cyanuric
chloride (C3CI3N3, Sigma Aldrich) as binding molecule. The process was performed under
magnetic stirring, for 4 hours, at temperatures ranging from 40 to 70 °C, depending on the
reaction step. The obtained suspension was filtered and dried in a vacuum laboratory oven
and the resulting powder was dispersed in the polysulfone (Sigma Aldrich) solution.
Ultrasonication was employed for an even dispersion of the carbonaceous filler in the
polymeric matrix. The polymer solution was casted on a glass plate, using an automated film
applicator, and then immediately immersed into a coagulation bath (distilled water) in which
the phase inversion process took place. The obtained membrane was washed with distilled
water to remove residual solvents and dried at room temperature prior to characterization.
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The chemical composition of the neat and composite membranes was investigated
using FT-IR and dispersive Raman spectroscopy. SEM was employed to investigate the
samples morphology, while their thermal stability was studied using TGA. The membranes
ability to retain metal ions from synthetic feed solutions was determined by ICP-MS.

Results and discussion

The presence of two additional peaks at 1651 and 1735 cm™ in the FT-IR spectrum
and respectively the D and G bands in the Raman spectrum confirmed the successful
incorporation of the functionalized graphene oxide in the membranes structure. TGA curves
showed that the carbonaceous filler increased the thermal stability of PSF, Tgse and Tmax
being shifted towards higher values compared to the neat samples. The filler also influenced
the membranes morphology, the composite ones presenting an irregular pore distribution and
a lower porosity. The ICP-MS analysis revealed that AB15C5-rGO modified PSF membranes
had an up to three times increase in copper ions retention ability, compared to neat PSF.

Table 2. ICP-MS analysis results.

Sample Copper Calcium Adsorbed Adsorbed
concentration concentration copper calcium
[ng/l] [ng/l] [%] [%]

Synthetic  feed | 1133.13 208.12 0 0

solution

PSF 1008.88 170.93 10.97 17.87

AB15C5- 786.89 147.64 30.56 29.07

rGO/PSF

Conclusions

The AB15C5-rGO/PSF composite membranes synthesized in this study presented
appropriate physico-chemical properties for metal ions retention. Future trends consist in
hemocompatibility and hydrodynamic stability testing and also in the covalent attachment of
other organic molecules on the surface of rGO, depending on the species that are intended to
be separated.
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Introduction

Layered Double Hydroxides (LDH) continue to be a fascinating class of materials due
to their amazing properties that are important in various fields [1] such as environmental
protection, medicine, pharmacy, catalysis, etc. Quaternary salts such as Tetra Methyl
Ammonium Hydroxide (TMAH) represents a feasible alternative to traditional
NaOH/Na,COj; inorganic alkalis [2] for LDH-type materials synthesis. Usually, the washing
step in the LDH synthesis via inorganic alkali generates a large amount of wastewater and its
subsequent processing generates high costs. On the same note, the mechano-chemical
method, highly demanded by the industry, leads to obtaining pure layered structures in low
energy consumption conditions and the presence of a small number of specific vessels
compared to the traditional route, co-precipitation [3]. Herein we report the results related to
Y-modified LDH preparation using two methods, e.g. co-precipitation and mechano-chemical
route, and also the obtaining of their corresponding mixed oxides by calcinations as well as
the structural properties of these solids in correlation to their activity and selectivity in the
Claisen-Schmidt condensation between benzaldehyde and cyclohexanone.

Experimental

Y-modified LDH (with Mgo75Al0125Y 0125 molar ratio) were prepared by two
methods, co-precipitation and mechano-chemical, in the presence of inorganic
Na,CO3/NaOH (as reference) as well as organic TMAH alkalis. The synthesis of the LDH in
the inorganic alkali presence was carried out at pH of 10 under low super-saturation
conditions using a solution A containing 1.5 M of Mg®*, A** and Y** nitrates in distilled
water and an equal volume of solution B containing 0.18 mol of Na,CO3; and 0.44 mol of
NaOH in distilled water. The obtained gel was then aged, filtered, washed and dried. The
synthesis of the LDH in the organic alkali presence was performed identically to the
procedure described above with exception that instead of the inorganic base previously
introduced this procedure required a volume of TMAH solution such that the pH during
preparation would be maintained at 10. The synthesis by mecano-chemical route in the
inorganic alkali presence was carried out in a mortar with pestle by mixing the required
amounts of Mg, Al and Y nitrates as well as Na,CO3; and NaOH for 1 h without the addition
of water. The white paste obtained was then filtered, washed and dried. The synthesis in the
organic alkali was carried out in the same way like in the inorganic route with the only
exception being the replacement of the inorganic base with a suitable volume of TMAH
solution in order for the working pH to hit a constant value of 10. All samples were calcined
at 460 °C for 18h and reconstructed by memory effect. Claisen-Schmidt condensation was
carried out for 2 h at 120 °C by placing a mixture of benzaldehyde (10 mmoles) and
cyclohexanone (5 mmol) under batch and solvent-free conditions with a specified amount of
catalyst (benzaldehyde/catalyst ratio of 10/1). At the end of reaction time, 1 mL of toluene
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was added to solubilize the reaction mixture, which became solid at room temperature. The
mixture was analyzed using a GC-FID Thermo Quest Chromatograph.

Results and discussion
The XRD patterns of the sample obtained by co-precipitation using inorganic alkalis
revealed the formation of a layered structure with the presence of Y(OH)3 as impurity. This
phase transforms into the corresponding mixed oxide via calcination and does not participate
in the process of reconstruction despite being present in the reconstructed sample. The same
behavior is observed in the sample obtained using inorganic alkalis through mechano-
chemical mixing. In the samples obtained in organic alkalis by co-precipitation, Y(OH)3 is
totally under amorphous form, its presence being marked by the obtaining of Y,0s3 in the
calcined material. The samples obtained through mechano-chemical mixing using organic
alkalis revealed the formation of a layered structure with the presence of Mg(OH),. Their
calcination generates a solid solution of MgO-periclase type under the formula
Mg(AIF*/Y*)O that is actually a defective structure with a certain degree of cation vacancies
generated by the introduction of trivalent cations in octahedral sites. The memory effect is
highlighted in the case of the traditional preparation method. DRIFT spectra highlight the
presence of small amounts of TMAH in the solids pores, regardless of the preparation
method. It is completely removed from solids by calcination. Regardless of the preparation
method or the alkalis type used, the specific surfaces areas corresponding to the reconstructed
samples have drastically lower values than those of the dried materials. Mixed oxides shows
surfaces of about 200 m?/g, being in accordance with the
literature [2,3]. The variation of basicity keeps the trend
- wovcoronee — OF mixed oxides > reconstructed > dried; the preparation

® C-LDH-MgAIY-CO,*/OH-CP
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Conclusions

The Y-modified LDH can be prepared by both co-precipitation and mechano-
chemical methods. The XRD patterns prove the layered structure of dried samples
contaminated with Y or Mg impurities phases. Basicity keeps the trend: mixed oxides >
reconstructed > dried samples. The catalytic activity for aldol condensation shows linearity
between conversion of cyclohexanone and total basicity with selectivity toward di-
condensated compound of 100%.

Acknowledgements

This work was supported by a grant of the Ministry of Research, Innovation and Digitization,
CNCS/CCCDI — UEFISCDI, project number PCE 235 / 2021, within PNCDI 11l. Also, this
work was supported by a grant from the Romanian Ministry of Education and Research,
CNCS-UEFISCDI, project number PNI1I-P4-1D-PCE-2020-0580, within PNCDI I1I.

References

[1] Wang, Q., O’Hare, D., Chemical Reviews, 112 (2012), 4124.

[2] Pavel, O.D., Stamate, A.-E., Bacalum, E., Cojocaru, B., Zavoianu, R., Parvulescu, V.I., Catalysis Today, 366
(2021), 227-234.

[3] Pavel, O.D., Zavoianu, R., Birjega, R., Angelescu, E., Parvulescu V.I., Applied Catalysis A, General, 542
(2017), 10-20.

58



CoSolMat

New coordination compounds based on Cu(ll) and 1,3-bis(4-
pyridyl)propane as a divergent ligand

Petre-Cristian Mitroi, Augustin Madalan, Delia-Laura Popescu”

University of Bucharest, Faculty of Chemistry, Department of Inorganic Chemistry, 23
Dumbrava Rosie, 020462-Bucharest, Romania

emails: petre.mitroi@s.unibuc.ro, delia.popescu@chimie.unibuc.ro

Introduction

Copper coordination polymers have attracted considerable interest as functional
materials due to their structural diversities and also to their remarkable properties, including
gas storage, catalysis, magnetism, luminescence, electrical conductivity, and ion exchange [1-
3].

Experimental

The reagents used in the syntheses were 1,3-bis(4-pyridyl)propane (bpp),
Cu(CF3S03),-6H,0 and Cu(BF;), 45% ag. sol. The solvent used was methanol. All
chemicals were obtained from commercial sources (Sigma-Aldrich and Alfa Aesar) and were
used without further purification. The UV-Vis spectra were recorded in solid phased by the
diffuse refracting technique in 200-1800 nm employing the JASCO V670 UV-Vis-NIR
spectrophotometer, which uses magnesium oxide as reference, and Spectra Manager
Software. The IR spectra were recorded in the 4000-400 cm™ domain using MB3000
spectrophotometer with Fourier transform (FT-IR) purchased from ABB, which uses Horizon
Software and KBr pills as a reference. Single crystal X-ray diffraction was performed using
the Rigaku XtaLAB diffractometer Synergy S with Mo-Ka source (A = 0.71073 A) of
microfocus type. Solving the structures being made through the SHELXT-2018 program and
their refinement was done with the program SHELXL-2018. Graphic representations were
made using Diamond, Mercury and Origin programs.

Results and discussion

New coordination polymers, .[Cu(bpp)(H20)2(BF4)2] (1), “.[Cu(bpp)(NH3)2(BF4)-]
(2), and *,{[Cua(bpp)2(CF3S03)2(112-OCH3)](S)} + %A[Cu2(bpp)2(CFsSOs)(12-OCHs)](S)}
(3), where S = CH30OH, have been obtained from reaction of Copper(ll) salts with the
divergent, flexible organic ligand 1,3-bis(4-pyridyl)propane (bpp), by slow evaporation
method. X-ray diffraction on single crystal, as well as spectroscopic techniques (FT-IR and
UV-Vis) were used to obtain the required data for characterization.

The structural diversity of the new compounds depends on the starting Cu(ll) salts,
conducting to 1-D and 2-D extended structures [4]. Compounds 1 and 2 are 1-D zigzag
polymeric chains in which one molecule of bpp acts as bridging ligand. The chain-like
structure of compound 1 is depicted in Fig. 1. Compound 3 has an interesting and not very
common structure in which coexist, as parallel layers, 2-D grid-like structures with 1-D linear
coordination polymers. The X-ray diffraction reveals a significant influence of the nature of
counter-anions on the obtained coordination frameworks, conducting to 1-D and 2-D
extended structures. Therefore, we can conclude that the structural diversity of the new
compounds depends on the starting Cu(ll) salts.
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Figure 1. The 1-D structure of compound 1, view on a axis (Hydrogen atoms were omitted
for clarity).

Conclusions

Copper(Il) coordination polymers reported here demonstrate that 1,3-bis(4-
pyridyl)propane is an excellent, flexible, divergent ligand for the self-assembly of extended
structures with various dimensionalities.
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Introduction

The barbituric acid building block, apart from being extensively studied as a precursor
for neurochemical medicine, it is a useful building block in supramolecular and coordination
chemistry, having 5 metal binding sites and possessing multiple sites for hydrogen bonding

[1].

Experimental

In our effort to develop graphene hybrids for photocatalysis, barbituric acid moiety
was covalently attached on to exfoliated graphene. The graphene was produced via tip
sonication-assisted liquid exfoliation, which is an effective and environmentally friendly
method. The synthesis was done by one step microwave [2+1] cycloaddition of the barbituric
acid on to graphene in the presence of carbon tetrabromide (CBrs;) and 1,8-
diazabicycloundec7-ene (DBU) [2,3]. The resulting hybrid has good dispersibility in e.g.,
DMSO which belongs in the group of green solvents.

Results and discussion

One of the aspects of green chemistry is to reduce the use of harmful solvents and
perform reactions in milder ones. As the exfoliation of graphene is a subject of intense
interest towards mass production of the material, the possibility to use DMSO and barbituric
acid for the exfoliation of the graphite was investigated as an environmentally friendly
alternative. The exfoliation of graphite in saturated solutions of barbituric acid in DMSO
resulted in a stable dispersion (Figure 1, C) in straight contrast to pure DMSO in which the
exfoliation of graphite was unsuccessful (Figure 1, (B). Filtration, extensive wash with
DMSO to remove the excessive barbituric acid and redispersion in DMSO resulted in non-
covalent barbituric acid/graphene nanoensembles (Figure 1, D). Finally, the produced
exfoliated graphene and the hybrids were characterized by Raman spectroscopy and
thermogravimetric analysis (TGA).

Figure 1. Dispersion of covalent barbituric acid-Gr hybrid (A), dispersion of exfoliated
graphene in DMSO (B), dispersion of exfoliated graphene in DMSO/barbituric acid (C), non-
covalent barbituric acid-Gr hybrid (D).
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Introduction

For decades, human beings have produced and used various types of chemical
products both for their daily comfort and for the development of industrial activity. In recent
years, water analysis have found the presence of a large number of pollutants in water, which
are directly related to numerous health problems in both animals and humans [1]. One of the
most prominent groups of pollutants are pesticides, which are not only harmful to living
beings, but also cannot be easily and effectively eliminated from water systems [2].
Imidacloprid, a pesticide belonging to the neonicotinoid group, is mainly used for insect and
pest control, both in agriculture and in parks and lawns etc [3]. Exposure to this substance in
high doses can lead to degenerative changes in vital organs of the body. The main problem
with imidacloprid is its ability to accumulate in nature, which makes most of the removal
techniques used (advanced oxidation, photocatalytic degradation, nano-membrane filtration,
ozonation etc.) unsuitable as they generate equally harmful by-products [4]. For this reason,
much research has been focussed on the use of adsorption to remove the compound from
water, rather than degradation. Adsorption using nanoporous materials has a number of
advantages such as low cost, reasonable removal values, high surface area available and a
large number of active sites for adsorption [5]. One of the most widely used adsorbents in
water treatment is activated carbon. Due to the slow kinetics in liquid-phase, activated
carbons have to be designed with a proper porous structure combining micropores
(adsorption sites) and mesopores (diffusional channels). Based on these premises, the main
goal of the present study is the evaluation of the adsorption performance of a
micro/mesoporous activated carbon, RGC-30 (from Nuchar), in the removal of imidacloprid
in liquid phase.

Experimental

Imidacloprid quantification was performed based on a UV-Vis spectroscopy method.
A 100 ppm stock solution was prepared dissolving 0.1 g of Imidacloprid in a 1000 ml of
ultrapure water. The calibration curve was developed measuring concentrations from 1 to 50
ppm using the UV-Vis Spectrophotometer. Measurements were made at a fixed wavelength
(270 nm) with 3 cycles of measurements with an interval of 5 seconds between each cycle.
To evaluate the adsorption process, adsorbent dosage and volume of solution studies were
carried out to determine the effect of these parameters on the process. The adsorbent dosage
effect was investigated by adding different amounts of RGC-30 as an adsorbent to the fixed
concentration of Imidacloprid solutions (from 2.5 to 30 mg). The volume effect was
investigated by adding the same amount of RGC-30 to differents volumes (from 50 to 100
ml) of Imidacloprid solutions. All experiments were left under stirring until equilibrium was
reached. Aliquots were taken at different times to evaluate the kinetic behaviour of RGC-30.
The activated carbon reaches complete adsorption equilibrium after 48 hours.

Results and discussion

The adsorption results are displayed in Fig. 1. As it can be observed, the adsorption
Kinetics are very promising with more than 70% removal in less than 10 h. Interestingly, the
amount of imidacloprid adsorbed does not scale with the amount of sorbent incorporated. In
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general, the adsorption capacity at equilibrium (mg/g) decreases with the amount of RGC-30,
except for the experiment with 2.5 mg. Most probably at low carbon dose diffusional
limitations are important, thus limiting the adsorption performance. A closer look to the
removal capacity shows that 30 mg are able to remove 100 % of the pesticide in less than 10
h. A much smaller amount of sorbent (5 mg) exhibits an optimum performance with close to
92% removal efficiency after 25 h and a total capacity of ca. 500 mg/g. In the case of the
effect of the volume of the initial solution, the results were as expected. An increase in the
concentration of pesticide molecules present in the medium causes an increase in the
adsorption capacity of the adsorbent, while the performance is worse under diluted
conditions.

Removed percentage (%)

T T T T T T T f T T T T T T T
[¢] 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time (h) time (h)
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—aA—50 ml

Qeq (mg/g)
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Figure 1. Effect of (a-b) amount of RGC-30 incorporated and (c-d) volume of initial solution
of Imidacloprid in the adsorption performance (amount adsorbed at equilibrium — Qeq, and

removal percentage). Experiments are performed at 25 °C.

Conclusions

These results anticipate that an activated carbon with a properly designed porous
structure combining micro and mesopores exhibits a promising performance for the removal
of pesticides with high efficiency (close to 100%), excellent kinetics (less than 10 h) and a
high adsorption capacity (up to 500 mg/qg).
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Introduction

It is widely acknowledged that there is a growing research efforts aiming to developed
new processes based on biomass as a renewable source for production of chemicals and
energy, with environmentally acceptable in the chemical industry [1]. Therefore,
transformation of biomass to high-value furan compounds such as 5-hydroxymethylfurfural
(HMF) has recently awakened considerable interest.

HMF platform molecule which synthesized by dehydration of monosaccharides under
acidic conditions, can be converted into a bunch of useful chemicals such as 2,5-
furandicarboxylic acid (FDCA), diformylfuran (DFF) and levulinic acid (LA). The
demanding on the efficient HMF production has become important and full of challenges like
substrates, solvents, catalyst and the reaction conditions [2,3]. In this context, the significant
aims of the solid acid catalysts development have dovetail with one of the green chemistry
principles, due to several advantages such as easily separated from liquid medium, recycling,
highly selective, works under mild reaction conditions, non-corrosive and safer to handled
compared with homogeneous ones (e.g. H,SO,) [4].

In this context we will present the one-pot conversion of glucose to HMF in biphasic
systems over niobia-based catalysts with two different types of supports such as Beta-zeolites
and humins (by-products biomass treatment).

Experimental

All the synthesis reagents were of analytic purity (Sigma-Aldrich). The two catalytic
systems were prepared by following procedures: (i) The zeolite-based catalysts were
synthesized through a two-step post synthesis methodology, involving a dealumination of H-
Beta zeolite (different Si/Al ratios) with nitric acid followed by its impregnation with Nb
ethoxide (0.02 and 0.05 mol% Nb), then calcined in static air [5]. (ii) For niobia-supported
onto humins, humins prepared by heating up glucose solution with H,SO4 were impregnated
with ammonium niobate oxalate hydrate (0.03 and 0.04 mol% Nb), then calcined in the inert
atmosphere (N,) [6].

All the synthesized catalysts were exhaustively characterized using XRD, TG-DTA,
XPS, CO,/NH3-TPD, DLS, SEM/EDX, SSNMR and IR spectroscopy.

Results and discussion

The characterization results revealed the formation of the mesoporous Nb-Beta
zeolites with residual framework Al-acid sites, extra-framework isolated Nb(V) and Nb,Os
pore-encapsulated clusters in which Nb(V)O-H (DRIFT and XPS analysis) exhibit moderate
strength Brensted acidity. In the case of Nb-humins catalysts the characterizations shows that
for the same concentration of surface niobium (i.e. 2.4 at% from XPS analysis) deposited on,
a relatively more homogeneous distribution (SEM analysis) as —Nb-OH and Nb=0O species
(DRIFT analysis) leads to an efficient catalyst, while the agglomeration in relatively rich
areas determines an appreciable decrease of the HMF vyield. Also, the relative base/acid sites
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ratio (CO,/NH3-TPD) is influenced by the distribution of niobium, the formation of Nb-rich
particles corresponding to an increased ratio.

Catalytic tests showed that the differences in the yield of HMF highly depend on both
the location of the catalyst and the intrinsic catalytic features: (i) the dehydration of glucose
onto the Nb/Beta-zeolites occurred with a selectivity of 84.3% in HMF for a glucose
conversion of 97.4%. This result has been obtained in a biphasic (3.5 ml H,O [(NaCl
20%)]/1.5 ml MIBK) solvents at 180 °C, after 12 h. (ii) the GHNb1.2 catalyst exhibited
excellent catalytic ability and efficiency for dehydration of glucose to HMF with a 96% yield,
under the following reaction conditions: 3.5 ml H,O [(NaCl 20%)]/1.5 ml TBP at 180 °C, for
8h.

Conclusions

Obtained results show that humins (by-products of renewable biomass-based
technologies), may offer valuable solutions for the production of functional materials with
catalytic application. The preparation procedure induced structural modifications of the
humins carrier with the formation of a highly hydrophobic graphite-like carbon structure and
acid-base functionalities, on which niobium is dispersed on. These structural features are
responsible for the high yields to HMF. Moreover, zeolites, some of the most widely used
catalysts in petrochemicals, can be modified in such a way as to become efficient catalysts for
biorefinery. In this case, the residual framework Al-acid sites prevent the solubilization of the
zeolite framework in hot water, while their improved acidity and the mesoporous texture
generates an efficient environment for the dehydration of glucose to HMF.
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Introduction

The progress of a technology-driven society, such as ours, requires the development
of materials with enhanced capabilities and new properties. Among the alternatives,
coordination polymers are one interesting candidate. The design and synthesis of porous
coordination polymers is often based on the node and spacer approach proposed by Robson

[1].

Experimental

We herein describe new coordination polymers obtained starting from Cu" or zn"
salts, mandelic acid and its derivatives, and various exobidentate ligands with nitrogen donor
atoms (4,4’-bipyridine, 1,2-bis(4-pyridyl)ethane, 1,2-bis(4-pyridyl)ethylene, or 4,4’-
azopyridine) or hexamethylenetetraamine. All reactions were performed at room temperature
and single-crystals suitable for X-Ray diffraction have been collected after several days.

Results and discussion

Depending on the reaction conditions and spacer used, different 1-D, 2-D, or 3-D
coordination polymers have been obtained. All of them have been structurally characterized
through single crystal and powder X-Ray diffraction, UV-VIS and IR spectroscopy. The
thermal stability of some of the new coordination polymers has also been investigated. In
case of the 3-D coordination polymers, one of which is the MOF illustrated in Figure 1, the
solid-state architecture proved to be quite robust.

(a) (b)

Figure 1. Voids in the solid-state structure of ..[Cu,(2-Cl-mand),(hmt)]
(2) View along the crystalographic c axis; (b) View along the crystalographic a axis.
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Conclusions

The node and spacer approach proved to be still an efficient method for the synthesis
of coordination polymers. However, it has been observed that slight changes in the
experimental conditions can lead to different dimensionalities of the final solid-state
structure. When 3-D structures are obtained, the solid-state architectures are quite robust
which makes them good candidates for gas storage, separation, catalysis, or biomimetic
design.
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Introduction

Vanadium is a trace element, which may be beneficial and possibly essential in
humans, but it is certainly essential for some living organisms. With its unique features,
vanadium(V) receives a great deal of attention from chemists, biologists, biochemists,
toxicologists, and pharmacologists. Studies carried out so far have demonstrated an essential
role of this element in the metabolism of carbohydrates (through the effects on the glycolysis,
glycogenolysis, glycogenogenesis, and gluconeogenesis pathways), lipids (by stimulation of
lipogenesis and inhibition of lipolysis), phospholipids, and cholesterol. Vanadium salts and
well-known vanadium coordination compounds have shown antibacterial, antifungal,
antitumor, and antidiabetic activities when investigated by various biological methods [1-3].

Experimental

The reagents used in the synthesis of the new oxidovanadium compounds were: L-/D-
/L,D-valine (2-amino-3-methylbutanoic acid), sodium hydroxide (NaOH), vanadyl sulfate
(VOS04:3H,0), and 5-X-salicylaldehyde (X = H, CI, Br, 1), and they were all purchased
from Sigma-Aldrich. All manipulations were carried out with no special solvent and reagent
purification. Elemental analysis was performed on a EuroEA Elemental Analyser (soft
Callidus ™) system. The electronic spectra of the complexes were determined by UV-Vis
spectroscopy with a Jasco V580 spectrophotometer. The infrared spectra were recorded in
KBr pellets, at room temperature, by using the FT-IR Bruker Tensor-V-37 spectrometer. Data
processing was done with OPUS program. The circular dichroism (CD) spectra of vanadium
complexes were measured on a Jasco J-1500 spectrophotometer. X-ray diffraction
measurements were performed on a STOE IPDS Il diffractometer and SHELX-2013
crystallographic software package was employed for calculations. The cytotoxicity of tested
compounds was assessed by the XTT cell viability assay.

Results and discussion

Reaction between VOSO,-3H,0 and the ONO donor Schiff base H,L, where L is X-
sal-val, with X = H, CI, Br, or I, a series of Schiff bases obtained by condensation of 5-X-
salicylaldehyde and L-/D-/L,D-valine, respectively, resulted, upon their aerial oxidation in
methanol, in the formation of a family of new coordination compounds with the general
molecular formula (S/R/rac)-([(VYO)(X-sal-val)(CH3;0)(CHsOH)]. All compounds are
characterized in the solid state and in solution, by elemental analysis, spectroscopic
techniques (IR, UV-Vis, circular dichroism), single crystal and powder X-ray diffraction
analysis, as well as a set of biological activity tests. The structures of oxidovanadium(V)
complexes containing the Schiff base Cl-sal-val and octahedral coordinated vanadium centers
are shown in Fig. 1.
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ci

Figure 1. Crystal structures of (S/R)-.[(VO)(C|-Sa|-Va|)(CH30)(CH30H)].

Conclusions

In the present study, we have synthesized a new family of compounds by
condensation of 2-hydroxybenzaldehyde (salicylaldehyde, sal) and its 5-chloro-, 5-bromo-,
and 5-iodo- derivatives with L-valine, D-valine, or D,L- valine, respectively, followed by
coordination with VOSQO,4-3H,O. All obtained compounds have been characterized by
elemental analysis, single-crystal and powder X-ray diffraction, IR and UV-Vis
spectroscopies, as well as circular dichroism measurements. The biological activity of these
new synthesized compounds is investigated; some preliminary results will be discussed. We
hope this work would provide new insight for potential applications of vanadium complexes
as antimicrobial, antidiabetic, antineoplazic, antibacterial and antifungal materials.
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Introduction

Due to the fact that PET is almost impossible to degradate and has such a negative
impact on the environment, new methods for PET recycling are constantly being search. In
order to improve the degradation process and to prevent the release of microplastics in the
natural environment, it is important to understand the degradation process [1].

Experimental

BHET hydrolysis
BHET was used for optimizing the system for future use in PET degradation. An attempt
was made to build reaction systems based on different types of DES. Six types of DES were
created starting from the solubility of BHET in different solvents. The system of BHET and
DES was completed by adding free (lipase from Aspergillus niger) and immobilized enzymes
(Lypozime RMIM, Lypozime TLIM, Novozyme 425 and Transenzyme) as catalysts.

PET degradation
PET from four different sources and with different durity was used in the experimental
processes: ST (PET from a bottle of juice), TA (PET from a packing tray), CU (PET from an
ice cream box) and CF (PET from a bottle of Cif). The PET was cut into pieces of around 0.5
cm x 0.5 cm. The catalyst used in the degradation of PET was the enzyme Aspergillus niger.
After the reaction, the PET pieces were washed with distilled water and then weighed. Their
final weight was compared with their initial weight.

Results and discussion

BHET hydrolysis
After the HPLC analysis, the conversion for each type of DES and each type of enzyme was
calculated. Graphics were made to see which type of DES is the best system for each enzyme.
As a general remarks analysing the graphics, the best systems are: DES 1, 3 and 5 with
Transenzyme, DES 6 with Lypozime TLIM, DES 5 with Novozyme 425 and DES 5 and 6
with Lypozime RMIM.

PET degradation
It can be observed that first and third method have the biggest sums of relative areas, so the
degradation went better in these conditions. Although the second method had an error (the
liquid phase of the CF reaction evaporated), it can be considered a valid method.
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Method 1 Method 2

ST TA CcuU CF ST TA CU CF
Before reaction 0.0122 0.0159 0.0197 0.0420 0.0220 0.0216 0.0276 0.0326
(mg)
After reaction 0.0130 0.0163 0.0194 0.0418 0.0240 0.0216 0.0272 0.0328
(mg)
Difference (mg) +0.8 +0.4 -0.3 -0.2 +2 0 -0.4 +0.2

Method 3 Method 4

ST TA CU CF ST TA CcuU CF
Before reaction 0.0106 0.0163 | 0.0197 0.0321 | 0.0218 0.0197 0.0284 | 0.0369
(mg)
After reaction 0.0112 0.0170 | 0.0194 0.0320 | 0.0220 0.0201 0.0283 | 0.0373
(mg)
Difference (mg) +0.6 +0.7 -0.3 -0.1 +0.2 +0.4 -0.1 +0.4

Method 5

Simple Distilled water Hydrogen peroxide
ST TA CU CF ST TA CU CF ST TA CU CF
0.0186 | 0.0193 | 0.0256 | 0.0429 | 0.0286 | 0.0148 | 0.0262 | 0.0553 | 0.0259 | 0.0213 | 0.0260 | 0.0498
0.0196 | 0.0193 | 0.0255 | 0.0430 | 0.0305 | 0.0159 | 0.0260 | 0.0555 | 0.0275 | 0.0216 | 0.0260 | 0.0498
+1 0 -0.1 +0.1 +1.9 +1.1 -0.2 0 +1.6 +0.3 0 0

Pretreatment method 1, 2 and 3 allowed achieving the most degraded PET surface. Positive
difference between masses could be the effect of DMC attached on the PET surface (carboxy
methylation).

Conclusions

The study will be continued on both directions: BHET system in DES will be

optimized and adapted for PET degradation. Also, sample pretreatment of the PET will be
coupled to the degradation system in order to improve the accessibility of the enzyme on the
PET surface for a better PET degradation.
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Introduction

Porous coordination polymers (PCPs) are a class of materials formed by self-
assembly of metal ions or clusters and different types of ditopic organic ligands [1]. Due to
their structural properties, namely high regularity, tunable pore sizes, and adjustable internal
surfaces, PCPs are used in various application areas: heterogeneous catalysis, magnetism,
sensor technology, biomedical application and adsorption, separation and storage of gases
[2,3]. Emphasizing the storage application, PCPs can be used as a sequestration method for
greenhouse gases. CO,, for example, is the most abundant greenhouse gas and can be stored
within the framework of a PCP via chemical fixation, as well as physical adsorption [4,5].

Experimental

The employed reagents were: 1,2-bis(4-pyridyl)ethane (bpe), 1,2-bis(4-
pyridyl)ethylene (bpy), 4,4’-azopyridine (azopy), Copper(ll) tetrafluoroborate hexahydrate
(Cu(BF4),-6H,0), Copper(ll) perchlorate hexahydrate (Cu(ClO4),-6H,0), and aqueous
ammonia solution (25% NHsg)). All reagents were procured from Sigma-Aldrich and used
without any further purification. X-ray diffraction measurements were carried out using a
Rigaku XtaLAB Synergy-S diffractometer and calculations were performed using ShelX
crystallographic software for single crystal determinations and a Proto AXRD Benchtop for
powder determinations. PXRD data before and after the nitrogen physisorption isotherms
were collected on Rigaku Miniflex 600 powder diffractometer. The infrared spectra were
recorded by a Fourier Transformer Tensor 27 Spectrometer (FT-IR) using OPUS software.
The UV-Vis spectra were recorded in solid state with a JASCO V-670 spectrophotometer.
Thermogravimetric analysis (TGA) was performed on a Netzsch TG209 F3 Tarsus device
under nitrogen conditions. The nitrogen physisorption isotherms were carried out at 77 K
using a Quantachrome Autosorb 6 instrument within a partial pressure range of p/pe = 10°-1
bar.

Results and discussion

Three-dimensional Cu(ll)-based PCPs were obtained using a modified Solvay process
in which NHgzq) is added to a suspension formed by the reaction between the Cu(ll) salts and
the exo-bidentate bipyridine-based ligands (bpe, bpy, azopy). The X-ray diffraction revealed
that all compounds are isostructural, having the general formula {[Cu3(CO3)2(L)3](Y)2}n,
where L = bipyridine-based ligand and Y = CIO, or BF, anions. The structure of the
obtained compounds is presented in Figure 1. Two dimensional inorganic Cu(CO3) layers
with Kagomé arrangement are formed, in the basic ammonia solution, by direct fixation of
atmospheric CO, as carbonate anion and are linked one to another via the organic pillars
represented by bipyridine-based ligands, forming a cationic framework. Disordered counter
anions are found along the channels and neutralize the charge excess. Thermogravimetric
analysis revealed that all compounds have a thermal stability of approximately 300 °C.
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Nitrogen adsorption isotherms have been recorded for all obtained compounds and showed
that their porosity is not high, as expected for this type of materials.
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Figure 1. Crystal structure of {[Cuz(CO3)2(L)3](Y)2}n, hydrogen atoms omitted for clarity.
TGA and N; adsorption isotherm of compound 2.

Conclusions

Six isostructural Cu(ll)-based PCPs with hybrid organic-inorganic structures were
obtained following the chemical fixation of atmospheric CO,. The additional physical
adsorption of CO, requires certain modifications of the obtained structure to increase the

uptake, as a large part of the space along the hexagonal channels is occupied by counter
anions.
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Introduction

For the first time, Rost et al [1] synthetized by solid state synthesis, a 5 equiatomic
components single phase oxide (Mgo2C0o2Nip2Cup2Zng20) presenting rock salt structure.
Berardan et al. [2] proposed the name of high entropy oxides (HEO’s) analogous to high
entropy alloys (HEA). The present work shows the results obtained by soft chemical
synthesis of a new type of oxide (REO(P nanocrystalline powder, containing 5 equiatomic rare
earth elements ((Lag.2SMo2Gdo2Ybo2'\02)0).

Experimental

This powder was prepared in hydrothermal conditions, at high temperature and low
pressure followed by a calcination at 1200 °C. X-ray diffraction identified the composition of
the as obtained REO before and after calcination. It was observed that after heat treatment, a
single phase B-Sm,Os-type structure was successfully obtained. DSC/TG analysis was used
to highlight the thermal stability of the powder in the range of 25-1200 °C after 4 cycles.
Chemical composition was studied by ICP-OES and FT-IR analysis.

Results and discussion

It could be proved that the near-equiatomic rare earth powder was obtained, and that
the peaks corresponding to OH groups (related to hydrothermal process) disappear after heat
treatment. This fact also was proven by DSC/TG analysis. Measurements for thermal
conductivity, thermal diffusivity and volumetric heat capacity were performed on pressed and
1200 °C sintered pellets. For the same type of pellets, impedance measurements in the range
of 1kHz -100kHz, for 600 and 800 °C highlight a major change of the electrical behavior
corresponding to temperature increase.

Transmitance, %

——LSGYN
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4000 3500 3000 2500 2000 1500 1000
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Figure 1. FT-IR spectra of LSGYN and LSGYN 1200.
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Figure 2. Scanning Electron Micrscopy for LSGYN 1200.
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Figure 2. Nyquist plots for LSGYN at 600 °C and 800 °C.
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Introduction

Nowadays, hydrodeoxygenation (HDO) is employed for converting oxygenated
compounds into hydrocarbons through treatment at moderate temperatures and pressures by
means of C-O bond scission [1]. Copper-containing mixed metal oxides seem to be
interesting catalysts for this kind of reactions due to their significant hydrogenolysis activity
and limited propensity for complete hydrogenation of aromatic substrates [2]. These materials
can provide a cheaper, efficient alternative to noble metal catalysts or to typical sulphided
hydrotreatment catalysts commonly used for converting biomass into biodiesel [3]. In this
work, several transition-metal-containing M-MgFeO mixed oxides, with M = Cu, Ni, Co, Ag
or Ce, were prepared, characterized and tested in the HDO reaction of benzyl alcohol.

Experimental

The layered double hydroxides (LDH) precursors, with Mg/Fe = 3 and 10 at. % M or,
for M = Cu from 2.5 to 20 at. %, were prepared through coprecipitation at a constant pH of
10 using Mg, Fe and M nitrates as starting materials. The synthesized LDH were dried and
then calcined at 500 °C for 5 h. The LDH precursors and the mixed oxides were characterized
by XRD, N, adsorption-desorption, H,-TPR, CO,-TPD and SEM-EDX techniques. The
obtained mixed oxides were tested in the HDO reaction in an autoclave reactor at 230 °C,
under 5 atm of H; for 3 hours, with 1 ml of benzyl alcohol and 50 mg catalyst. For the Cu-
containing catalysts, the influence of Cu loading (2.5 — 20%), reaction temperature (150-230
°C), reaction time (15 min — 5 h) and catalyst weight (25 — 100 mg) were also investigated.
Catalytic tests were also performed with benzaldehyde, benzyl benzoate and toluene
substrates in order to propose a reaction pathway for the HDO of benzyl alcohol.

Results and discussion

The XRD patterns of the LDH precursors showed typical reflections for the LDH
structure, with similar crystallite sizes of 6.1-7.1 nm. No segregated phases were detected,
except for the sample with 20% Cu. After calcination, the mixed oxides showed, besides the
periclase phase, the presence of MgFe,O4. The samples with 20% Cu and 10% Ag
additionally showed diffraction lines for CuO and metallic Ag, respectively. All mixed oxides
presented high specific surface areas (97-185 m?/g) and mesoporous structures, with
relatively narrow distributions for the mesopores. Cu-modified samples showed the highest
hydrogen consumption in H,-TPR measurements, in strong correlation with the catalytic
results.

Their catalytic performance strongly depended on both the nature and the content of
transition metal. Among them, Cu-MgFeO with 10 at.% Cu gave the best results, with 93,8%
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alcohol conversion and 93,8% selectivity for toluene. The Ag-MgFeO sample reached 62%
conversion, but with only 61% selectivity for toluene, while Co, Ni and Ce-modified samples
showed poor results (less than 30 % conversion). Considering the excellent performance of
the copper-containing catalyst, the influence of the copper content of the mixed oxides was
then studied by preparing a series of Cux-MgFeO catalysts, where x = 2,5; 5; 7,5; 15 and 20
at.%. The sample with 10 at.% Cu still showed the best results, and the influence of reaction
temperature, reaction time, catalyst weight were studied on this catalyst. Benzaldehyde and
benzyl benzoate were considered reaction intermediates, and catalytic tests using them as
reactants confirmed this hypothesis. Based on the products observed, a reaction pathway has
been proposed.
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Introduction

Cobalt(ll) coordination polymers have lured the attention of many researchers
worldwide due to an unlimited diversity of their structural types, architectures, topologies, as
well as important properties and applications of these functional solids [1-3].

Experimental

The starting reagents used in the syntheses: 4,4 -oxy(bis)benzoic acid (obb), 4,4'-
bipyridine (bipy), 1,2-di(4-pyridyl) ethylene (bpe), and cobalt perchlorate hexahydrate,
Co(ClO4)2-6H,0, are all commercially available and purchased from Sigma-Aldrich. They
were of reagent grade and used as received. All the synthetic operations were carried out at
room temperature, under air atmosphere. The synthesized compounds were characterized by
elemental analysis, single crystal and powder X-ray diffraction, as well as IR spectroscopy
and solid-state diffuse-reflectance UV-Vis. The elemental analysis was performed using the
Euro EA Elemental Analyzer (Euro Vector) and Callidus software. Molecular structures were
determined by single-crystal X-ray diffraction with a STOE IPDS |1 diffractometer using the
SHELX-97 and Diamond 3 softwares for calculations and graphical representations. A XRD
Benchtop Powder Diffraction system was used to aquire the powder diffraction data, which
were processed with NIST software. IR spectra were recorded on a Bruker Fourier
Transformance Tensor V-37 spectrophotometer, using OPUS software. Solid-state electronic
spectra were recorded using the UV-Vis-NIR Jasco V670 spectrophotometer, equiped with
Spectra Manager software.

Results and discussion

Systematic studies of the self-assembly process between the Cobalt(ll) salt,
Co(ClOy), - 6H20, 4,4’-oxy(bis)benzoic acid (oba) ligand, and the auxiliary N,N’-donor
building block 1,2-bis(4-pyridyl)ethylene (bpe), have been carried out in order to investigate
the influence of the mixed ligands and their molar ratio on the properties and construction of
coordination frameworks. Three new coordination polymers, two tridimensionals
3 {[Co(oba)(bpe)(H20),]-(H20)4} (1), 3.{[Co.(0ba)2(bpe),]H.O} (2), and a cocrystal of two
monidimensional polymers,
1 [Co,(0ba)z(bpe)s.s(H20)s]-1..[Cos(0ba)2(bpe)s(H20)4] (bpe)-xH,0} (3), were successfully
obtained by slow evaporation method. The crystal structures of the resulting assemblies have
been determined and the intermolecular interactions of the compounds in the crystalline
phase have been investigated. Structure of compound 2.{[Co(oba)(bpe)(H-0).]-(H,0)s} is
depicted in Fig. 1.
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Figure 1. Structure of the 3-D coordination polymer *.{[Co(oba)(bpe)(H20).]-(H20).}
(Hydrogen atoms were omitted for clarity).

Conclusions

The results revealed that the flexible V-shaped dicarboxylate ligand obtained by
deprotonating the 4,4 -oxy(bis)benzoic acid (oba), along with auxiliary N,N’-donor ligand
1,2-bis(4-pyridyl)ethylene (bpe) are effective building blocks in constructing new Co(ll)
coordination polymers with diverse architectures.
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Introduction

Organotin(IV) coordination polymers have been considered for their ability to
stabilize specific stereochemistry and to induce diverse dimensionalities in their complexes,
for their outstanding applications in agriculture, industry, biology, medicine, as well as in the
synthesis of various types of chemical compounds [1-3]. Several new extended structures
have been synthesized by slow evaporation method, at room temperature, in the reaction of
"BusSnCl with deprotonated dicarboxylic acids employed as linkers.

Experimental

The reagents employed in this study were purchased from commercial sources and
used without further purification. Elemental analyses (C, H, N) were performed on a EuroEA
Elemental Analyzer. The IR spectra of the samples were recorded in the range 4000-400 cm™
using a Tensor 27 spectrophotometer with Fourier transform (FTIR) from Bruker, OPUS
software, and KBr pills as a reference. The structures of the compounds were determined by
single-crystal X-ray diffraction with a STOE IPDS Il diffractometer, operating with Mo-Ka
(L = 0.71073 A) X-ray tube with graphite monochromator. ShelX-97 and Diamond 3
crystallographic software packages were used for calculations and graphical representations.

Results and discussion

The objectives of the study were the synthesis and characterization, followed by the
evaluation of biological activity of new polynuclear systems of Sn(IV), in which organotin
nodes are joined by organic ligands derived from dicarboxylic acids, which act as linkers. To
obtain such compounds we used the reaction of organotin halides with deprotonated
carboxylic ligands. Starting from Ph3SnCl along with the dianions adipate (adp), fumarate
(fum), 1,4-cyclohexanedicarboxylate (1,4-chd), and biphenyl-4,4’-dicarboxylate (bpdc)
employed as divergent spacers, four new organotin polynuclear coordination compounds
were obtained in the form of colorless crystals, during 25-40 days of slow evaporation. They
are stable in and out of the solution. The characterization of these new structures is very
important and was carried out by elemental analysis, single crystal and powder X-ray
diffraction, as well as through the FTIR spectrophotometric method. In Fig. 1 is presented the
molecular formula of the compound 2.[(nBusSn)(adp)].
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Figure 1. Molecular structure of compound 2,.[("BusSn),(adp)].

Conclusions

A series of new polynuclear complexes with n-tributyltin(I\VV) nodes and deprotonated
dicarboxylic acids as organic spacers have been synthesized. All compounds were obtained
as colorless single crystals and characterized in solid state by elemental analysis, FTIR
spectroscopy, as well as single crystal and powder X-ray diffraction. Obtaining various
polynuclear organotin compounds is based on the proper choice of organotin(IV) precursors
that act as nodes in extended structures, but also of the ligands that act like spacers. The
crystallographic investigation of the new compounds reveals novel network topologies.
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Introduction

Wooden artifacts are subjected to several degradation factors, which affect more or
less their structural integrity and mechanical strength. Thus, the consolidation of wood
artifacts has become a global problem and new systems are investigated in order to find a
capable consolidate that ensures better durability over time [1]. In this study, nhanocomposites
based on multi-walled carbon nanotubes (MWCNTS) decorated with hydroxyapatite (Hap),
zinc oxide (ZnQO), or silver (Ag) nanoparticles (NPs) were dispersed in poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (PHBHV) solution in order to study their ability as
consolidate for wood.

Experimental

Each type of nanocomposites (at different concentrations 0.1, 0.2 and 0.4%) was
dispersed in a solution of 2% PHBHYV in chloroform, with the purpose of obtain a better
dispersion of the nanomaterials. After the solutions were obtained, young oak wood pieces
were treated by brushing — in three layers, to investigate the potential of the obtained
solutions. Artificial aging test by exposure to temperature variations (cold-check test,
different from freeze-thaw test) were carried out in order to investigate the color changes for
each wood sample at different conditions. The total color difference (AExsina) Was recorded
before and after ageing, according to ASTM 2244 [2], and calculated according to Equation

D).
AE, final = (ALgc + Aaﬁzc + Ab%)l/z (1)

Artificial aging test by exposure to temperature variations consists in 20 alternative
cycles, of three steps each; step | consisted of drying the wood samples for one hour at a
temperature of 50 °C; step I, the samples were conditioned in a laboratory environment for 1
hour (T = 25 + 2 °C), and step Il consisted of keeping the samples in the freezer at a
temperature of -20 + 2 °C, according to ASTM D1211-97 [3]. After the 20 alternative cycles,
colorimetric parameters, mechanical resistance and contact angle tests were investigates in
order to study if the obtained treatments were time-resistant.

Results and discussion

The environmental conditions to which the wood is subjected causes wood
discoloration, and this degradation takes place in shades of gray, brown, yellow or red,
depending on the type of wood. The process of wood discoloration takes place due to
environmental factors that play an important role in the degradation of lignin or
hemicellulose in the cell wall of the wood material. After cold-check test, the control sample
showed the highest change of AEy, which showed a slight discoloration over time and
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exceeds the visible limit (of 2.5). This means that the color change after the cold-check test is
significantly visible (Table 1).

Table 1. Total color difference calculated (AEy) after cold-check test reported to the initial
chromatic parameters of the samples

Treatment ALy | Aby | Aay | AE4
Untreated wood 154 ]0.19 | 2.89 | 3.28
0.1% MWCNT+ PHBHV 0.40 | 1.58 | 2.29 | 2.81
0.2% MWCNT+ PHBHV 0.92 056 |1.96 | 2.24
0.4% MWCNT+ PHBHV 0.23|0.68 | 2.16 | 2.28

0.1% MWCNT_ZnO+ PHBHV | 0.35 | 0.48 | 2.46 | 2.53

0.2% MWCNT_ZnO+ PHBHV | 0.16 | 0.43 | 2.26 | 2.31

0.4% MWCNT_ZnO+ PHBHV | 0.80 | 0.73 | 2.75 | 2.96

0.1% MWCNT_Hap+ PHBHV | 0.75| 0.01 | 2.25 | 2.37

0.2% MWCNT_Hap + PHBHV | 0.36 | 0.54 | 2.27 | 2.36

0.4% MWCNT_Hap + PHBHV | 0.82 | 0.58 | 2.15 | 2.38

0.1% MWCNT_Ag+ PHBHV | 0.49|0.42 | 225|234

0.2% MWCNT_Ag + PHBHV |0.10|0.31 | 2.35 | 2.38

0.4% MWCNT_Ag + PHBHV |0.20|0.15|2.33 | 2.34

where: AL is the difference in lightness, calculated with the formula: AL = Lireated sample —
Luntreated sample; Aa is the chromatic deviation of the coordinates of a* coordinates, calculated
with the formula: Aa = ayreated sample — Quntreated sample; aNd Ab is the chromatic deviation of the b
* coordinates, calculated with the formula: Ab = byreated sample— Duntreated sample-

Subsequently, contact angle tests performed on the untreated and treated samples,
after cold-check test. It was observed that the value of the contact angle for untreated wood
decreases significantly, in 30 seconds reaching 0°, while for the treated samples, the contact
angle value after 1 minute remained above 150°. Also, mechanical tests were performed and
it was observed that the applied treatments protected the wood material even after it was
exposed to temperature variations, the treated samples showing superior mechanical
properties compared to the untreated sample.

Conclusions

The obtained treatments have the ability to protect the wooden material, even after it
was exposed to extreme conditions, maintaining its mechanical properties and a hydrophobic
character for a long time.
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Introduction

Immobilization of metal complexes on solid supports is an efficient method for the
synthesis of hybrid catalysts, combining the advantages of homogenous and heterogenous
catalysis. In this study, two new chiral hybrid systems, GO-COOH/(Cu(D-valmet) and GO-
COOH/Cu(L-valmet), were synthesized and they were further investigated for their catalytic
activity.

Experimental

The chiral compounds [Cu(D-valmet)(H,0)]-H,O, [Cu(L-valmet)(H,0)]-H,O were
synthesized following a procedure described in the literature [1]. Graphene oxide (GO) was
prepared using the modified Hummers’ method as previously reported [2]. The number of
carboxyl groups present on the surface of graphene oxide was increased using a
derivatization method with choloroacetic acid [3]. The hybrid systems GO-COOH/(Cu(D-
valmet) and GO-COOH/Cu(L-valmet) were synthesized by anchoring the copper(ll)
complexes onto the surface of carboxylated graphene oxide through covalent and non-
covalent interactions. The catalytic activity of the new materials was investigated for the
asymmetric Henry reaction of benzaldehyde with nitro-methane.

Results and discussion

The newly obtained compounds (Fig. 1) have been characterized by FTIR, Raman,
Circular Dichroism and SEM-EDX spectroscopy. The carboxyl groups act as linkers for the
immobilization of the complexes via coordination to the copper centers. The attachment of
[Cu(D-valmet)(H,0)]-H20 and [Cu(L-valmet)(H.0)]-H,O onto the surface of carboxylated
graphene oxide can be also supported by n-m interactions established between the phenyl
rings of the ligands and the basal plane of GO-COOQOH. For the reaction of benzaldehyde and
nitromethane in water, catalytic testes showed that the newly obtained composites led to a
high conversion and enantioselectivity (92.5%, with an ee of 95.8%).
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Figure 1. Schematic illustration of the hybrid systems.

Conclusions

In this study, two new hybrid materials were successfully synthesized and their
catalytic activity has been investigated. The immobilization of chiral copper(ll) complexes
onto the surface of carboxylated graphene oxide was an efficient method for the preparation
of new heterogenous catalysts for the asymmetric Henry reaction.
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Introduction

The economic development of the world has contributed to a significant deterioration
of the environment. Water bodies are polluted with various compounds, including organic
dyes, that threaten wildlife and human health. These contaminants are difficult to remove via
conventional methods such as mechanical and biological treatment, chemical coagulation or
sludge digestion, hence adsorption processes are most often used. For this reason, it is
important to search for new porous adsorbents that would effectively remove dangerous
substances from water. Fly ash is a solid residue obtained from the energetic combustion of
coal in power plants and thermal power plants. The wide range of its applications is related to
its characteristic physicochemical properties (such as chemical composition, bulk density,
particle size, porosity, water holding capacity or specific surface area). Therefore, fly ash is
currently used in the synthesis of zeolites and ordered mesoporous silicas [1-3]. In the
following work, research concerning the effectiveness of pure and modified NaX zeolite and
MCM-41 silica obtained from fly ash in removing Sunset Yellow FCF from aqueous
solutions is presented.

Experimental

During the studies, the pure materials were functionalized with different amounts of
(3-aminopropyl)trimethoxysilane (APTMS) and (3-aminopropyl)triethoxysilane (APTES).
The modifications were carried out in order to obtain materials with higher sorption
capacities towards selected azo dye. The samples were characterized using low-temperature
nitrogen adsorption/desorption method. Acidic and basic oxygen groups located on the
surface of all samples were determined. The influence on sorption capacities of pure and
modified zeolites and silicas at different pH (2, 3, 5, 7, 9) and temperatures (25 °C, 35 °C, 45
°C) was also investigated. Subsequently, the synthesized materials were applied in the
removal of Sunset Yellow FCF from the liquid phase using adsorption processes. A series of
dye’s water solutions of different concentrations (12.5-900 mg/l) were prepared in order to
obtain isotherms of Sunset Yellow FCF adsorption on pure and modified NaX and MCM-41.

Results and discussion

The modification of NaX and MCM-41 has led to obtaining new materials with
improved adsorption properties, making them applicable in Sunset Yellow FCF removal.
Functionalization with APTMS and APTES resulted in the decrease of their specific surface
area as well as pore volume and the generation of basic oxygen functional groups on the
surface. The studies concerning the impact of pH and temperature revealed that the materials
have the highest sorption capacities at pH 2 and room temperature. This showed that the
adsorption process is exothermic. In acidic environment, the surface of zeolites and silicas is
protonated. Because of the electrostatic attraction between the negatively charged dye’s
molecules and positively charged surface of the materials, the bigger amount of dye can be
adsorbed in the lower pH. The isotherms of Sunset Yellow FCF adsorption are displayed in
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Fig. 1. The amount of adsorbed dye increased with the increase of concentration of its
solutions due to the enhanced interaction of dye molecules with the adsorbent surface.
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Figure 1. Isotherms of Sunset Yellow FCF adsorption onto NaX, NaXaptms-2, NaXaptms-s,
NaXaptes-2, NaXaptes-s, MCM-41, MCM-41ap1ms-08, MCM-41ppTms-2, MCM-41apTES 08,
and MCM-41ApTEs.2.

Conclusions

The pH value and the temperature of the adsorption process as well as the acid-base
properties of studied zeolites and silicas have a significant influence on their sorption
capacities towards Sunset Yellow FCF. The best results were obtained at room temperature in
acidic environment what arise from the exothermic nature of the process and electrostatic
attraction between Sunset Yellow FCF molecules and adsorbents. Research proved that the
modified NaX and MCM-41 can effectively remove the analyzed azo dye from aqueous
solutions and are promising adsorbents for other pollutants endangering the environment.
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Introduction

Pharmaceuticals, organic dyes, pesticides, phenolic compounds and many other
hazardous chemicals are a silent enemy contaminating most of the fresh and salted water
resources worldwide [1]. Current wastewater treatment technologies are unable to remove
these toxic compounds which end up in the environment, posing a serious threat towards
human life and the ecosystem. Antibiotics are one category of pharmaceutical compounds
that have been recovered from aquatic systems. Because of their excessive use and the
increasing demand of pharmaceuticals worldwide, their concentration in the environment is
due to increase, currently being in the range of ppm-ppb making them hard to detect and
degrade, affecting human health and also inducing an indirect antibiotic resistance to
microbes [2,3]. One promising solution towards the decontamination of wastewaters is the
usage of photocatalysts which use solar light as the energy source for the degradation
process. While still emerging, Layered Double Hydroxides (LDHs) photocatalysts are
currently researched towards accomplishing this goal [4,5]. The aim of this study is the
synthesis of different magnetic Mg/Al LDHSs incorporated with metallo-phthalocyanines
(organic photosensitizers), their structural and functional characterization and the
determination of the photocatalytic performance in J -lactam antibiotics photocatalytic
degradation.

Experimental

A three-step synthesis was proposed. Firstly, six Mg/Al LDHs were synthesized via
coprecipitation (pure LDH or doped with Fe?*, respectively Fe**) while for the second and
third steps, two strategies were followed in the preparation of the hybrid systems: in the first
strategy the incorporation of Copper Phthalocyanine (CuPc) into the layered structure of the
synthesized LDHs was done using the memory effect, followed by the insertion of Fez;O4
resulting in a magnetic supramolecular photocatalyst (HT CuPc/PM series — blue in Fig. 1.).
The second strategy implied firstly the preparation of magnetite followed by the deposition of
LDHs on it and, finally, the incorporation of CuPc into the layered structure (LDH/PM CuPc
series — orange in Fig. 1). For the synthesized catalysts, the XRD, DR-UV-Vis, FT-IR and
elemental analysis were used as characterization techniques. Catalysts were tested in the
photodegradation of Oxacillin (Ox) from commercial drugs by using a solar simulator and
also by irradiation at fixed wavelengths from the visible spectrum of light, in order to
determine their activity and their best performance overall.

Results and discussion

Characterization data confirmed the success of the preparation: while the data
obtained from XRD confirm the formation of the LDH structure and the insertion of
magnetite; the DR-UVVis, FT-IR and elemental analysis results show the successful
incorporation of the CuPc. The conversion in the degradation of Oxacillin after 60 minutes
under simulated sun-light was high, with a maximum of about 90% for HT Fe** CuPc/PM
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(Fig. 1). The HT CuPc/PM series (blue) exhibited higher activity than the LDH/PM CuPc
series (orange).
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Figure 1. Oxacillin degradation after 60 minutes of simulated sunlight irradiation.
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Conclusions
The hybrid organic-inorganic magnetic systems show promising activity in the
photocatalytic degradation of f-lactam antibiotics under sun-light irradiation.
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Introduction

Magnetic clusters, meaning molecular assemblies consisting of a finite number of
coupled paramagnetic centers, are currently receiving much attention in several active fields
of research such as magnetism or biochemistry [1].

Of particular interest were Co/Mn heteroclusters due to the important and interesting
applications that these metallic compounds present: catalysis, molecular magnetism,
mimicking of active sites in biological systems.

Experimental

New Co/Mn heteroclusters were synthesized using cobalt perchlorate
((Co(ClQO4)2-6H20), manganese perchlorate ((Mn(ClO,),-6H,0), triethanolamine (Hstea),
pivalic acid (Hpiv) and triethylamine (EtsN) for deprotonation obtaining [Co",Mn",Mn'"";
(Htea)4(piv)s(Hpiv).]-8H,0 and the same salts, but changing the aminoalcohol with N-
tertbutyldiethanolamine  and  using  sodium  acetate for  [Co'sMn',Mn"'y(N-
tbdea)4(ACO)4(OH)z(HzO)z].2C|O4'H20.

Results and discussion
In Fig. 1 is presented the structural wunity in the compound
[Co",Mn",Mn",(Htea)s(piv)s(Hpiv).]- 8H-0.

Figure 1. Structural unity in the compound [Co",Mn",Mn"", (Htea)4(piv)s(Hpiv).]-8H-0
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Introduction

Vegetable oil is an abundant renewable raw material which is considered for replacing
petroleum based chemicals used industrially, with the intent of reducing pollution and can be
used as such in the food industry and as bio lubricant [1]. The double bonds present in the
alkyl chain of the unsaturated fatty acids present in vegetable oil open the possibility for
obtaining a large variety of compounds using functionalization reactions such as metathesis,
hydroformylation or epoxidation, leading to intermediaries that can be used as monomers in
the polymer industry [2]. The epoxidation reaction is particularly important for the macro
industry because it leads to versatile epoxidized vegetable oils that can be cured with a wide
variety of compounds (amines, acids, anhydrides [3]) or that can undergo ring opening
reactions, leading to interesting end-products and intermediaries. Anhydrides are some of the
most efficient curing agents for epoxidized vegetable oils (EVO), leading to thermoset
polymers with thermo-mechanical properties heavily influenced by the epoxy content of the
vegetable oil and the anhydrides used [4]. The curing reaction is catalyzed by Lewis bases,
such as tertiary amines or imidazole [5]. The goal of this study is obtaining materials through
the curing of epoxidized linseed oil with phthalic anhydride (PA) using an affordable base
heterogenous catalyst for achieving a cleaner and more environmentally friendly process. The
catalyst is MgAl hydrotalcite, which is a layered double hydroxide (LDH), a class of
materials with the [M**1xM**x(OH),]*" [A" wn]- mH,O general formula. This catalyst was not
previously reported in literature for this reaction, but it is instead well characterized [6] and
used for a broad range of reactions [7].

Experimental

ELO and PA in different molar ratios were dissolved in toluene solvent. The MgAl
LDH catalyst was added, and the mixture was heated to 100 °C and kept under constant
magnetic stirring for 24 h. The solvent was evaporated, and the reaction mixture was
processed. The obtained product was analyzed by *H-NMR, IR spectroscopy, simultaneous
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) coupled with
mass spectrometer (MS).

Results and discussion

The curing reactions were performed with different molar ratios between the ELO
epoxy groups and PA. The average epoxy group content per triglyceride molecule was
determined by adapting a previously described *H-NMR method for the characterization of
vegetable oils [8]. The molar ratio between reactants was adjusted for obtaining cured
materials with different thermo-mechanical properties. Another curing reaction was also
performed according to literature, using 1-methylimidazole as initiator. The FT-IR spectrum
of the obtained solid product was compared with the spectra of the materials obtained by
reacting ELO with PA in the presence of MgAl LDH, confirming the obtaining of cured
resins. Modifying the molar ratio between ELO and PA led to products with different thermo-
mechanical properties, as illustrated by the TGA thermogram presented below (Fig. 1). The
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material obtained by using excess of PA (R2) has a higher thermal stability due to the higher
degree of curing.

TG /%

100 200 300 400 500 600 700
Temperature /°C

Figure 1. The TGA thermogram showing the degradation behavior of the resins at a heating
rate of 10 °C - min™*, under He inert atmosphere.

Conclusions

Cured materials with different thermo-mechanical properties were obtained by
reacting ELO and PA in different molar ratios, in the presence of a solid reusable catalyst,
MgAI LDH. The curing was confirmed by FT-IR spectroscopy, TGA and DSC coupled with
mass spectrometer. This shows that using MgAIl LDH catalyst is a viable alternative for
curing epoxidized vegetable oil with PA, in order to obtain interesting materials.
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Introduction

The obtaining of new “green” and sustainable electrochemical sensors for
physiologically relevant electro-active analytes is challenging and stimulating. Copper is
well-suited for designing electrochemical sensors, being highly reactive in electrocatalytic
reactions (one-two electron pathway). Moreover, copper-based nanomaterials are generally
low cost and show functional biocompatibility [1]. By using soft chemistry approaches,
copper oxidic materials (CuO, Cu,0) with various morphologies (nano-spheres, wires, cubes
or rods or flower-like structures) were obtained and proved to be highly responsive to
different analytes like glucose, uric acid, dopamine, ascorbic acid, and L-cysteine [1,2]. The
polyol-based synthesis represents one of the most convenient and resourceful soft chemistry
methods for the obtaining of well-crystallized metals or metal oxides with high compositional
homogeneity, diversity of shapes and narrow size distributions [3]. Polyols can be considered
green solvents being of low to moderate toxicity and highly biodegradable, with high
boiling/flashing points. Polyols are the main source of oxygen for the formation of metal
oxides, their specific properties (polarity, viscosity, and saturated vapour pressure)
influencing the nucleation process, crystal growth, particle shapes, crystallite sizes and,
therefore, their further aggregation into higher dimensional assemblies. Herein, we report on
four new copper-based compounds obtained through polyol-based approach. Depending on
the reaction parameters (precursor concentration, time/temperature of reaction), Cu"O,
mixtures Cu"O/Cu,'0 and Cu,'0/Cu® and metallic copper nanoparticles were obtained. Their
optical, morpho-structural, textural and electrochemical properties will be discussed.

Experimental

Copper-based particles were obtained through a 1,4-butandiol-assisted precipitation,
as a result of the hydrolysis of Cu(CH3COOQ),, with different concentrations (0.1-0,5 M), at
140 and 180 °C. In a typical synthesis, an amount of Cu(CH3COO); is dissolved in a known
volume of 1,4-butanediol. The mixture was heated under stirring at the reaction temperature,
in a round-bottom flask fitted with a reflux column, for 6-12 hours. The precipitation of
copper-based particles occurred after 30 minutes. After cooling at room temperature, the solid
phases were collected by centrifugation and washed with ethanol.

Results and discussion

The hydrolysis of copper(ll) acetate in 1,4-butanediol afforded four types of copper-
based particles of which composition, morphology and texture depend on the reaction
conditions. FTIR spectra indicate three typical stretching vibrations of Cu"-O (covering 400-
600 cm™) range and/or a strong peak attributed to Cu'-O bonds, at ca. 630 cm™. The XRD
measurements show the formation of different crystalline phases depending on the precursor
concentration and reaction parameters: a pure phase of monoclinic tenorite (CuQO), a mixture
of tenorite and cubic cuprite, Cu,'O, a mixture of cuprite and cubic metallic Cu®, as well as a
pure phase of cubic copper particles. The SEM panoramic micrographs show the formation of
large aggregates of nano-sized particles (see Fig. 1) of homogeneous phase (Fig. 1a), while,
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for a different copper source concentration, the urchin-like particles of CuO co-exist with
cubes of cuprite (Fig.1b). A higher reaction temperature led to the formation of porous
aggregates of metallic copper particles (Fig. 1c). The electrochemical properties of CuO
nanoparticles and their sensor applications were investigated through cyclic voltammetry and
electrochemical impedance spectroscopy. The measurements indicate that the GCE/PEDOT-
CuO sensor displayed better stability and enhanced electrochemical catalytic activity towards
H,0, reduction, with a linear response range towards hydrogen peroxide and a low detection
limit (GCE — glassy carbon electrode; PEDOT — pre-electrodeposited polymeric coating
made of poly(3,4-ethylenedioxythipohene).

’ e
Figure 1. SEM panoramic micrographs for CuO, CuO/Cu,'O mixture and Cu’ metallic
nanoparticles.

Conclusions

Copper-based particles were obtained through polyol-assisted method showing
different compositions and morpho-structural properties, depending on reaction parameters.
CuO nanoparticles proved to be a stable and electrochemically active toward hydrogen
peroxide reduction.
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Introduction

Poly(ethylene terephthalate), often known as PET, is a non-biodegradable post-
consumer waste [1]. Glycolysis of PET wastes with various diols, employing a variety of
catalysts, produces aromatic polyester-polyols (APPs) [2]. Inorganic metal salts or, more
recently, organic molecules, are the most frequent catalysts used today (such as super-bases
or ionic liquids). lonic liquids have gained researchers’ interest as suitable green solvents
and/or catalysts due to their unique qualities, such as thermal stability, electrochemical
stability, low flammability, and structural flexibility of the cation and anion. Polymer
breakdown has been reported to use ionic liquids as solvents and/or catalysts. PET degrades
efficiently with ionic liquids in a low-pressure, low-temperature environment without
releasing harmful chemicals. The ionic liquid can be separated from the chemicals created by
adding water via filtration, allowing the ionic liquid to be reused [3].

Experimental

In this study, various metal-containing ionic liquids and their precursors were
synthesized using a 2-step experimental procedure. First, the 1,3-N,N-imidazolium salt was
obtained by alkylation of N-methylimidazole with the corresponding organic halide, followed
by the introduction of a metal, using the corresponding inorganic salt (ZnCl,, CdCl, or
ZnBr;). To the best of our knowledge the use of [Bmim]zZnCl;, [Ddmim]ZnCl;, and
[Bmim]CdCl; were not reported as catalyst for this reaction.

—\ M l.R =n-C,Hy: 1. M= ZnCl,” 2. M= CdCly; 3. M= ZnBry
RN MN~cp, I R=n-CpHys M=ZnCly

Figure 1. Formulas of the synthesized catalysts.

Following the synthesis, the compounds were analyzed by NMR, FTIR and MS and
then tested for PET glycolysis using ethylene glycol (EG) as diol. After each reaction it was
calculated the conversion (based on the quantity of PET unreacted) and the selectivity (based
on the quantity of isolated monomer, by precipitation from cold water). In addition, some
optimum reaction parameters were determined.

Results and discussion

The NMR analysis and FTIR spectra confirm the obtaining of compounds based on
1,3-N,N-disubstituted imidazolium salt. In addition, MS spectra show that these compounds
have indeed the desired counter ions. The analysis of the precipitate indicates that beside the
major product, bis-(2-hydroxyethyl)terephthalate (BHET), it contains around 20% of its
dimer (bisBHET), fact that was not mentioned until now in the literature.
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Figure 2. *H-NMR of the precipitate.

The parameters that were explored are the type of catalyst, the catalyst loading and
the PET:EG molar ratio. The results show that the best selectivity in BHET is obtained using
[Ddmim]ZnCls. This catalyst has also the advantages to be solid and more hydrophobic the
[Bmim]ZnCls, hence it is more facile to use. Regarding the catalyst loading, the selectivity
increases until 5% (molar), and then decreases, phenomena explained in the literature by the
change in the equilibrium between BHET and its dimer, oligomers, etc. In addition, the
selectivity increases with the molar ratio PET:EG, but above 1:10 the increase rate in BHET
formation is insignificant so the usage of ratios above this value are not recommended.

Conclusions

In this study, four catalysts were synthesized and compared, three of them not being
mentioned before in the literature. They were characterized by NMR, FTIR and MS, hence
confirming the desired structure (1,3-N,N-disubtituted imidazolium salt). The glycolysis of
PET using EG has the best selectivity in BHET using a catalyst ([Ddmim]ZnCl3) loading of
5% molar with respect to PET and a molar ratio PET:EG=1:10.
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