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Nanocrystalline nickel disulfide, NiS,, was mechanochemically prepared using ball milling procedures in inert
atmosphere, starting from 34:66 Ni:S powder mixtures. X-ray powder diffraction (XRPD) patterns showed that 6
h of milling are enough to allow the formation of the NiS, phase, which is accompanied by a small fraction of the
hexagonal NiS phase. Rietveld analysis indicates that the average crystallite size is about 22 nm for NiS, and 12
nm for NiS after 9 h milling. Transmission Electron Microscopy (TEM) analyses reveal that the composite is

mainly composed of large particles of hundreds of nanometers formed by crystalline agglomerates along with a
few squared nanocrystals. The as prepared material slowly reacts with air, being converted to sulfates along with
elemental sulfur as given by XRPD. The fresh and aged composite was used for the adsorption of methylene blue
(MB) from aqueous solutions. Adsorption of MB was faster in the aged material probably due to its higher surface
area when compared to the fresh sample.

1. Introduction

Dyes and pigments are widely used in textile, leather, paper and
plastic industry. Unfortunately, some industries discharge effluents rich
in these compounds directly into natural water bodies, threatening the
aquatic life. In addition, many of these dyes and pigments are carcino-
genic, mutagenic and teratogenic, therefore posing a serious hazard also
to humans [1-4].

Seeking to decrease the impact in the environment, various
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techniques have been developed for the removal of dyes from water,
such as adsorption [5], electrochemical coagulation [6], membrane
process [7], flocculation [8], electrochemical oxidation [9] and photo-
decomposition [10]. Due to its simplicity, adsorption processes are
widely used to this end, and several types of materials can be used
[11-14]. As surface area is one of the key parameters relevant for the
adsorption process, the use of nanoparticles (NPs) as adsorbents is
attracting due to their large specific surface are, which is translated to
good adsorption capacities [15-18].
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Among the different compounds used in studies dealing with the
treatment of water contaminated by dyes, methylene blue (MB) is one of
the most popular models. This dye has various applications, ranging
from temporary hair colorants [11] to antidote for methemoglobinemia
[19], for example. However, MB causes eye burns, which may lead to
irreversible injury to the eyes of humans and animals. If inhaled, may
cause coughing and shortness of breath. When swallowed, the dye
causes a burning sensation and may cause nausea, vomiting, profuse
sweating, mental confusion and painful micturition [20,21].

Transition metal sulfides have attracted great attention in a variety of
fields owing to their unique crystal structure and chemical properties.
Combined with the large specific surface area, the NPs of transition
metal sulfides are very promising materials for applications as adsor-
bents of dyes [22-25]. Nickel disulfide (NiS5) crystallizes as a structure
type Pyrite-FeS; with Pa-3 symmetry while nickel sulfide (NiS) appears
as a NiAs-like with P63mmc space group. Both compounds can be
applied in diverse fields. For example, NiS; can be used as super-
capacitor [26,27], catalyst [26,28,29], glucose sensor [30], lithium-ion
batteries [31], dye-sensitized solar cells [32]. Hexagonal NiS has ap-
plications in lithium ion battery [33], supercapacitors [34],
dye-sensitized solar cells [35] and oxygen reduction [36]. NiSy single
crystals can be synthesized by vapor transport [37], chlorine transport
[38], chemical transport [39], while NiS, nanocrystals are prepared by
microwave-assisted synthesis and hydrothermal method to give specific
shapes such as octahedral [40], cubic [26,40] and spheres [26]. In
addition, NiSy hollow spheres are prepared by a one-step template free
method [30] and widely by hydrothermal synthesis [28,41-43]. NiSy
dodecahedrons and microspheres are synthesized by solvothermal [44,
45] and hydrothermal [46] method. Besides, mechanical alloying (MA)
was applied to prepare several nickel sulfides, but only trace amounts of
NiS; were formed for the milling conditions of that study [47]. More
recently, active materials of NiSy and Fe-doped NiS, were prepared by
MA and wet milling. Cathodes in Li/NiS; and Li/Fe-doped NiS; cells
were both prepared by Planetary Ball Mill (PBM) and SPEX Mill (SM),
showing that SM can help to improve discharge capacities of both cells,
while wet milling can improve the characteristic of Li/Fe-doped NiSs,
but not Li/NiSy [31]. NiS; was synthesized by MA for Na/NiS; cells,
using a high energy SPEX mill with BPR (ball powder ratio) of the 30:1
and acid stearic as a kind of process control agent followed by wet
milling process [48].

The present study focus on the mechanochemical preparation of
nanocrystalline NiSo-NiS composite using a single step procedure in dry
atmosphere and mild conditions, differently from those already reported
(refs [31,47,48]) and the evaluation of its efficiency for MB removal
from water. The effect of different amounts of NiS,—NiS nanocrystalline
composite, adsorption time for dye removal and dye concentration were
evaluated, as well as the effect of aging in the adsorption process.

2. Experimental
2.1. Solid state synthesis

Starting mixtures of nickel (Sigma-Aldrich 99.99%) and sulfur
(Sigma-Aldrich 99.997%) high-purity powders with nominal composi-
tion of Ni34See were ball milled under argon gas up to 9 h using a SPEX
8000D Mixer/mill (working at 1425 rpm) high energy ball mill. The
powders were mixed and sealed under argon atmosphere in a 65 mL
cylindrical stainless steel container with nine stain steel balls (three with
an average diameter of 12.7 mm and six with an average diameter of
6.35 mm). The ball-to-powder weight ratio was 10:1. The synthesis of
the sample was stopped every third hour to fish out a small portion of the
sample for ex-situ characterization. Two batches were produced in order
to compare the as-milled and aged sample adsorption performance.
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2.2. Characterization

XRPD was performed using a PanAnalytical Xpert multipurpose
diffractometer on Bragg-Brentano geometry, equipped with a Cu Ka
source (A = 0.15418 nm), 0.04 rad soller slits, 1° fixed divergent and 1°
antiscattering slits and a fast solid state detector (Xcelerator). Generator
settings: 45 kV, 40 mA. The XRPD patterns were recorded in the 20 range
of 10-152° with a step size of 0.05° and counting time of 30 s per step.
The Nig4Sge sample milled for 9 h (aged for 15 days) was loaded inside a
0.3 mm-diameter quartz capillary and measured at the XRD1 beamline
of the Laboratério Nacional de Luz Sincrotron (LNLS), the Brazilian
synchrotron light source. The beam energy was set at 14 keV (A =
0.8857 A) and accurately determined using a Silicon powder standard
(NIST 640d). Diffraction data was collected in the 5-88° 20 range using a
single-photon counting silicon microstrip detector (MYTHEN II). The
data was reduced taking into account air and capillary contributions.
Rietveld refinements of the obtained data were performed using the
TOPAS software [49]. The fundamental parameters approach [50] was
used for XRPD pattern processing. The refined parameters were scale
factor, background (as a Chebyshev polynomial of fifth order), specimen
displacement, absorption, lattice parameters, crystallite size (lorentzian
contribution), micro-strain (gaussian contribution), Beq (isotropic
displacement parameters) for all the atoms, while the fractional
atomic-coordinates only refined for the x, y and z of S atom of the NiS,
phase.

TEM analysis was carried out in a JEOL JEM-1011 electron micro-
scope operating at 100 kV. JEMS electron microscopy simulation soft-
ware [51] was used to simulate the electron diffraction pattern from the
structural data obtained in the Rietveld refinement.

VSM measurements were taken at Microsense EV9 system from - 20
kOe to 20 kOe at room temperature.

The specific surface area was measured by the multipoint Brunauer-
Emmette-Teller (BET) using a Quantachrome 2200Novae at 77 K. The
BET Equation (1), uses the information from the isotherm to determine
the surface area of the sample, where W is the weight of nitrogen
adsorbed at a given relative pressure (P/Py), Wy, is monolayer capacity,
which is the volume of gas adsorbed at standard temperature and
pressure (STP, is defined as 273 K and 1 atm), and C is constant.

1 1 C-1(P ®
W[(Po/P) —1] W,,,C+ W,.C <170>

2.3. Dye adsorption properties

Adsorption of MB was performed using a fresh Nig4Seq sample pre-
pared by 9 h milling. In addition, the experiment was repeated using a
Ni34See sample aged for 11 months. For simplicity, these samples are
henceforth named NiS§*™" and NiSg°?. The kinetics for MB adsorption
were studied by the following procedure: the adsorbent NiS§e" and
NiS38d were added to 40 mL of deionized water, ultrasonicated for 10
min and magnetically stirred at 800 rpm for 5 min using a stir bar. The
adsorption experiment was started by the addition of 80 pL of a freshly
prepared MB solution (960 mg L~! in water). The contents were
magnetically stirred in the dark at 25 °C and 1 mL aliquots were with-
drawn at specific time intervals followed by centrifugation to remove
the adsorbent. The concentration of the dye left in solution was deter-
mined using a Varian Cary-50 UV-Vis spectrophotometer operating
from 400 to 800 nm.

The equilibrium adsorption capacity experiments were conducted
during 48 h in the dark, using concentrations of MB in the range
9.76-418 pM, 10 mg of adsorbent and total volume of 40 mL. The falcon
tubes containing the solutions were rotated at 80 rpm, 25 °C, in a model
MO-ARK - Major Science oven. The adsorbed amount of MB at equi-
librium was calculated by the following equation (2):
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C, —Ce
m

v 2

qe:

where g. (mg g~1) denotes the equilibrium adsorption capacity of MB
adsorbed per gram of the adsorbent, C, and C. (mg L) the initial and
equilibrium MB concentrations respectively, v the volume of the solu-
tion (L), and m the adsorbent mass (g).

3. Results and discussion
3.1. XRPD characterization

Fig. 1a shows the XRPD patterns of the Ni34Sgs samples with different
milling times. After 3 h of milling several Bragg peaks related to Ni and S
reactants are still observed. Quantification using the Rietveld analysis
amount to 9% and 25% (w/w), respectively. Besides, prominent peaks of
the NiS; (41%) and NiS (25%) phases are clearly observed. After 6 h of
milling only the NiS, phase coexists with the NiS phase, quantified by
90.2 and 9.8%, respectively. Rietveld-based quantitative analysis of the
XRPD pattern of the Nig4Sgg 9 h sample provided a NiSs: NiS phase ratio
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of 83:17 w/w, as seen in Fig. 1b. This result seems to be worse than that
reported by Liu et al. [31] which found the predominance of the NiS,
phase after 4 h of dry milling using an SPEX Mill (SM) at a high speed of
1000 rpm with ball powder ratio of 30:1 in the presence of stearic acid as
a process control agent. However, the XRPD reported in Ref. [31] is
quite noisy and displays high background which may mask the presence
of NiS phase or other minority phases in their samples. We believe a
careful XRPD analysis is needed in order to fully identify the different
phases present after the mechanochemical synthesis. Therefore, we
performed a comprehensive microstructural modeling of the as prepared
material and investigate the effect of aging time on its stability.

The structural and microstructural parameters of the NiS; and NiS
phases prepared by mechanochemistry are summarized in Fig. 1 c and d.
The lattice parameters a and c of the NiS phase showed a slight variation
with the milling time, remaining practically constant within the error
range, indicating that the increase in the milling time slightly influences
the lattice parameters of this phase. However, the lattice parameter of
the NiS, phase decreased with increasing of the milling time, indicating
that this phase is under a huge compressive stress, due to ball-powder-
ball collisions that induces extreme local pressures during the milling.
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Fig. 1. (a) XRPD of Niz4See with different milling times. Rietveld refinement plot (red line) for the Ni34S¢e 9 h sampleand peak markers (blue and green ticks refer to
NiS, — ICSD 166452 and NiS — ICSD 49665, respectively). Peak markers (or symbols) red and pink refer to reactants S (ICSC 27261) and Ni (ICSD 52265),
respectively. (b) Phase fraction, (c) lattice parameters and (d) microstructure parameters as a function of milling time. The circles refer to NiS, phase and the square
to NiS phase. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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The microstructural characterization shows that the NiS; phase has
average crystallite size of about 7 nm with 3 h of milling and increases
up to 22 nm with milling time increasing up to 6 h, remaining constant
up to 9 h. The micro-strain decreases for the first 6 h of milling and
remains constant up to 9 h, indicating that the NiS, phase reaches the
steady state, i.e., the equilibrium between the cold welding, fracturing
and rewelding. The average crystallite size of the NiS phase decreases
with milling time, while the micro-strain remains practically constant
within the error range. These characteristics suggest that the NiS
nanocrystals become smaller and more reactive as milling proceeds.

Table 1 summarizes the structural and microstructural parameters
obtained from Rietveld analysis for the Niz4Ses 9 h sample. For com-
parison, NiS, phase prepared using the spark plasma sintering process
(a =5.688818 ;\) [52] and the solid-state reaction between basic nickel
carbonate and elemental sulfur at 400 °C (a = 5.6824 }o\) [53] shows
lattice parameters higher than those found by us. This was also observed
for single crystals of NiS, prepared by chlorine transport (a = 5.6874 A)
[38] and NiS; nano-alloys synthesized by microwave assisted hydro-
thermal technique (a = 5.68 f\) [54]. When compared to other synthesis
methods, the NiS, obtained by ball milling has lower lattice parameter
and this can be due to the extreme local conditions (pressure and tem-
perature) induced by ball-powder-ball collisions, which tends to con-
tract the crystallites unit cells.

Few (15) days after its preparation the Nig4Ses 9 h sample was
reevaluated by XRPD using synchrotron radiation. The Rietveld refine-
ment plot is shown in Fig. S1. The main Bragg peaks observed in the
XRPD patterns were indexed as the NiS; and NiS phases. However, few
small extra peaks, observed at low angle region, were observed and
indexed as nickel sulfate. Despite this minor aging effect, no evidence
from milling tools contamination was detected. The microstructural and
structural parameters of the NiS, and NiS phases obtained by synchro-
tron radiation are in good agreement with the results obtained by con-
ventional XRPD (see Tables 1 and S1).

In order to verify the aging of the Ni34Sge 9 h sample, XRPD analysis
were taken up to 21 months after the synthesis process (see Fig. S2 and
the Rietveld results in Table S1) and the analyses of the observed pat-
terns showed a complex phase transition scene revealing the instability
of the sample for long term storage, i.e, aging effect. The aged-induced
phases after 21 months were identified as NiSO4(H20)6, NiSO4(H20)
and sulfur-alpha (S8), in amounts of 76,2%, 7.1% and 7.6%, respec-
tively. A tentative modeling of the intermediary aging effects was per-
formed for the samples aged for 0.5, 2 and 6 months (see Table S1) The

Table 1
Structural parameters obtained from Rietveld analysis for the NizsSes 9 h
sample.

Structure NiS, (Pa-3) NiS (P63/mmc)
Rwp 1.30

GoF 1.53

Phase fraction (%) 82.9 (7) 17.1 (7)
R-Bragg 0.876 0.591
Cell Volume (A%) 182.4(3) 54.04 (8)
Crystallite Size (nm) 22.4 (2) 12.2(9)
Micro-strain (%) 0.669((12) 1.00 (3)
ad) 5.672 (3) 3.422(2)
e - 5.330 (4)
Ni

x 0 0

y 0 0

z 0 0

Beq 1.15(4) 5.7 (4)
Occ. 1 1

S

X 0.39602 0.33333
y 0.39602 0.66667
b4 0.39602 0.25000
Beq 1.07(4) 0.0(3)
Occ. 1 1
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NiSO4(H20)e crystals belong to the tetragonal crystal system (tetrag-
onal-trapezohedral symmetry class 422, space group P41212), with re-
ported lattice parameters a = 6.783 A and ¢ = 18.288 A. This is a blue
green colored salt, highly water soluble, that can be used for many
technological applications such as fabrication of solar-blind filters [55]
and as a common source of Ni%t for electroplating. The NiSO4(H20)
crystal belong to the monoclinic crystal system (space group C2/c), with
reported unit cell parameters a = 9.878 A, b = 7.214 A, ¢ = 24.065 A and
S = 98.37° [56]. Both sulfates occur as rare minerals that can be ob-
tained as a by-product of copper refining or by dissolution of nickel
metal or nickel oxides in sulfuric acid.

The Rietveld results of the NiS, phase aged for 21 months (see
Fig. S2) showed that its structure is very similar to the fresh sample, with
lattice parameter a = 5.6712 f\, and that the microstructure continu-
ously changed, reaching an average crystallite size of the 32 nm and a
micro-strain of the 0.74%. All these facts reinforce our search for more
detailed and systematic comprehension of the complex phase transitions
induced by aging. Experiments are now in course and will be published
soon.

3.2. Microscopy characterization

The morphology of the mechanochemically synthesized Ni34See 9 h
sample was investigated using TEM and the representative results are
displayed in Fig. 2. Different magnifications reveal that the sample
consists of agglomerated particles of irregular-shape(Fig. 2a and b) with
a size ranging between 100 and 500 nm. These particles are formed by
small crystalline domains of around 24 nm and 13 nm for NiS; and NiS,
respectively, as given by the Rietveld microstructural analysis (see
Table 1). In addition, 20 nm x 20 nm single-crystal like squared nano-
particles are also found (Fig. S3), revealing a large size distribution of
the nanoparticles. Besides, micro-strain line broadening effect was also
considered in our microstructure modelling since the mechanochemical
process is well known to induce deformations, dislocations and others
kind of crystal disorder [52].

Fig. 2c shows the selected area electron diffraction pattern, revealing
discontinued rings formed by many intense spots. These results are
indicative of a high crystalline nature of the Nig4Sge particles and
confirm the large size distribution of the crystallites inside them, in
agreement with the XRPD data (Fig. 1). The intense spots on the
diffraction pattern of a single-crystal-like particle structure were
indexed as NiS, phase (see Fig. S3).

3.3. Specific surface area measurement

Surface area is one of the key parameters involved in the adsorption
efficiency of an adsorbent. The specific surface area of Ni34See 9 h fresh
and aged samples were investigated via BET analysis shown in Fig. 3.
Surface area of nanocrystalline Nig4Sgs 9 h as-milled and aged are 8.482
m? g1 (R? = 0.9917) and 12.033 m? g~ (R? = 0.98698), respectively.
The largest surface area of the Nig4Sgs 9 h aged sample can be attributed
to the new phases that appear on storage at ambient conditions which
increases the surface area of the nanocrystalline material. For compar-
ison, NiSy cubic particles with an average size of ~50 nm prepared by
low-temperature hydrothermal synthesis shows a surface area of 23 m?
g’1 [57]. Nanocubes (~200 nm), nanospheres (50-150 nm) and nano-
particles (<50 nm) of NiSy synthesized by microwave-assisted shows a
surface area of 12.0, 38.3 and 25.1 m? g7}, respectively [26]. The spe-
cific BET surface area of the NiSy microspheres (diameters of 4-8 pm),
derived from metal-organic frameworks, is calculated to be about 15.4
m? g’l [58]. The calculated specific surface areas based on the BET
method for NiS and NiS; (crystal sizes of 28.6 and 25.7 nm, respec-
tively), synthesized via microwave-assisted solvothermal method, are
47.6 and 21.1 m? g_l, respectively [59], while NiS; hollow microspheres
prepared by a one-step hydrothermal method shows a specific surface
area of the 13.10 m? g’1 [60]. The small specific surface area of Ni34Seg
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a)

Crystal : Ni52

Fig. 2. TEM images (a) and (b) of the Ni34Ses sample milled for 9 h with
different magnifications, (c) SAED pattern for comparison with its counterpart
image (a) indexed with NiS, phase from Rietveld results.

9 h prepared in this work can be explained by cold-welding mechanisms
which aggregate the crystalline domains into larger particles decreasing
the surface area. TEM images show that the sample consists of
irregular-shaped agglomerated particles with a size ranging between
100 and 500 nm. However, the Ni34Ses 9 h aged sample shows a specific
surface area similar to those of hollow microspheres, nanocubes and
microspheres mentioned above. Interesting, despite the cold-welding
mechanisms which decrease the surface area, after aging there is an
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increase in the surface area which ultimately impact positively the
adsorption of MB on nanocrystalline Ni34See as evaluated below.

3.4. Adsorption of MB

The nanocrystalline Ni34See prepared by mechanochemistry were
used as adsorbents for removing MB aqueous solutions. Two different
samples were used: as-milled and 11 months aged Ni3sSes 9 h. For
simplicity, these samples are named NiS§®" and NiS§8°? henceforth.
Fig. 4a shows the UV-Vis spectra of a MB solution taken at different
adsorption times in the presence of 1.88 g L! Nisges}‘. The intense band
at 664 nm is attributed to the 0-0 electron transition, while the shoulder
around 605 nm corresponds to the 0-1 transition of MB [61]. During the
adsorption kinetics, the intensity of both bands gradually decreased,
indicating that the amount of dye present in solution decreases, being
adsorbed on the surface of the nanocrystalline material. The effect of
NiS; amount on MB removal was also investigated in batch experiments
by changing the concentration of adsorbent in the range of 0.25-1.88 g
L~! (see Figs. S4 and S5 for the UV-vis spectra). As given in Fig. 4b, the
fresh and aged samples exhibit distinct removal efficiency: at 120 min,
0.25 g L! NiS38°d removes over 80% MB, whereas about 1.0 g L™* of
Nis§eh is needed to reach an equivalent dye removal. However, for
concentrations higher than 1.25 g L™! both samples showed identical
efficiencies, and over 94% MB was removed after 120 min when the
adsorbent concentration was 1.88 g L™1. The best performance of the
NiS; aged sample can be attributed to the larger specific surface area
once the phases observed after aging are highly water soluble and
cannot adsorb MB [62].

Adsorption kinetics of NiS,; nanocrystalline was studied by
measuring the time dependence of dye removal (C/C,) when different
concentration of adsorbent was used at constant initial dye concentra-
tion (Fig. 4c and d). These results indicate that both samples exhibit a
good dye adsorption, and about 40% of dye is adsorbed in less than 1
min when 1.88 g L™! of adsorbent is used. We can compare the mate-
rial’s performance with slightly similar materials, such as some transi-
tion metal sulfides or with a well-known commercial material for dye
adsorption such as TiOs. Liu et al. [63] synthesized FeS; crystallites via
solvothermal method, the material showed MB adsorption of up to
80.2% after 50 min using 1 g L™} of the adsorbent. Pure TiO, synthesized
using a sol-gel method removed only 7.5% of the MB after 2h at 0.1 g
L~L. However, when TiO, was doped with V, 85.2% MB was removed
after 2 h [64]. Hydrothermally synthesized flower like MoSy micro-
spheres possess significant adsorption ability of MB [65]. In a recent
study it was shown that graphene oxide (GO) adsorbs about 87.7% MB.
After doping with CdS nanoparticles the efficiency rises to 97.2% which
was explained by the negative surface charge generated by z-n in-
teractions between CdS and GO, increasing the adsorption rate of MB by
electrostatic interactions [66]. Amorphous CoMoS4 nanostructure pre-
pared by a facile cation exchange method can adsorbs MB very quickly
in a concentration range 10-40 mg L~?, achieving adsorption equilib-
rium in just 90 s. The corresponding maximum adsorption quantity
calculated by the Langmuir fitting is 292.4 mg g '. The absorption
process (that obeys the pseudo-second-order kinetics model) is mainly
controlled by chemisorption. The adsorption performance can be
attributed to the abundant active sites of amorphous CoMoS, nano-
structures as well as the mesoporous structure [67].

Here about 20 min are needed to reach similar removal using 1.25
and 1.88 g L' of NiSF*" and NiS3%*, respectively, showing that the
Niz4See 9 h samples have a good performance for the adsorption of MB
when compared to other similar materials and that the aging effects
observed in NiS3? resulted in higher surface area and better perfor-
mance for MB adsorption.

To better understand the adsorption mechanism involved, equilib-
rium adsorption capacity experiments were carried out. Fig. 5 is a plot of
the amount of dye adsorbed per unit mass of NiS3°? (q) as a function of
the equilibrium dye concentrations in the solution (Cc). The Nisgsed
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Fig. 3. Nitrogen adsorption isotherms for (a) Ni34Ses 9 h as-milled and (b) Ni34See 9 h aged samples.
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sample was chosen since it showed the best performance for MB
adsorption. The data were fit using the Freundlich and Langmuir iso-
therms given in Egs. (3) and (4), respectively:

. =K. )
bgnC,
‘T 1+bC, “

Where ¢ is the adsorption capacity, Ce is the equilibrium concentration
of dye solution, q,, represents the maximum adsorption capacity, K¢is an
indicator of the adsorption capacity, b is the Langmuir constant and n is
the heterogeneity factor [68].

Table 2 shows the isotherms parameters for MB adsorption calcu-
lated using the two models. The Langmuir isotherm is valid for mono-
layer formation on a surface with a finite number of identical sites and
no interaction between adsorbed species [69]. Freundlich model is an

empirical relationship that describes heterogeneous surface adsorption
and multilayer adsorption in which the amount of adsorbed solute per
unit adsorbent mass increases gradually [70]. Based on the residual sum
of squares calculated by summing squared errors between data points
and predicted values, the data were better fitted to the Freundlich
isotherm. For favorable adsorption, n should be in the range 1-10 [71].
In addition, if 1/n is lower than 1 it indicates a normal adsorption;
otherwise, it is indicative of cooperative adsorption [72]. Therefore, MB
adsorption onto NiS; is considered a favorable normal adsorption. For
the Freundlich isotherm, the adsorption capacity of NiS; aged sample
was 31.6 mg g}, the good performance of NiS, as organic dye adsorbent
can be explain by its large specific area, which translates into a large
concentration of active sites for adsorption.

4. Conclusions

In summary, the NiSy-NiS nanocrystalline composite was



K.F. Ulbrich et al

1404
120 -
100+
:--
> i
o 80
E
o 60
(=2 i
404 ®  Experimental
] —— Freundlich
Langmuir
204
04 T T T T T T T T T T
0 20 40 60 80 100
-1
C.(mgL")

Fig. 5. Adsorption isotherm for NiS§8°? with increasing dye concentration. Data
fitted using the Freundlich (red line) and Langmuir (blue line) equation. Error
bars were added using standard deviation calculation. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web

version of this article.)

Table 2
Isotherm parameters of the Langmuir and Freundlich isotherm model for
removal of MB by NiS3%? nanocrystalline.

Langmuir Freundlich
m (mg g™ b(Lmg™) R? K¢ (mg g™ N R?
144.8 0.085 0.905 31.6 3.062 0.988

successfully synthesized by mechanochemistry in argon atmosphere at
room temperature starting from Ni34See powder mixtures. The Nig4Sgs 9
h milled sample is composed of NiS; and NiS with 83:17 ratio, and the
average crystallite sizes are 22 nm and 12 nm, respectively. TEM anal-
ysis for Nig4See 9 h confirms the nanometric size of the crystalline do-
mains which are agglomerated in larger particles. The as prepared
material slowly reacts with air through a complex phase transition
scene, being mainly converted to nickel sulfate hexahydrate after long
term storage (tens of months) as given by XRPD analyses. Both the fresh
and aged samples showed good adsorption kinetics of MB from aqueous
solution, and about 40% of the dissolved dye is adsorbed in less than 1
min when 1.88 g L™! of adsorbent is used, reaching 94% after 120 min.
The aged Nig4Sge 9 h sample displays a larger surface area compared to
the fresh material, and this leads to faster MB removal from solution
with apparently no influence of its phase transformation in nickel sulfate
hexahydrate. For NiS3°d, adsorption data was better fitted by the
Freundlich model and the maximum adsorption capacity was 31.6 mg
g 1. In summary, the NiS,-NiS nanocrystalline composite prepared by
green chemistry is a good candidate for environmentally friendly
applications.
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Fig. S1. Synchrotron radiation XRPD for the Ni3Ses 9 h sample. Rietveld refinement with difference plot (gray line) and peak markers (blue
ticks refer to NiS,, green ones to NiS), others peaks refer to NiSO4(H>O)s phase.
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Figure S2 — (a) Experimental XRPD patterns of the NizsSes milled for 9 hours as a function of storage time (aging), (i) fresh sample, (ii) aged 2
months (iii) aged 6 months and (iv) aged 21 months. Peak markers blue and green ticks refer to NiS> — ICSD 166452 and NiS — ICSD 49665,
respectively. Time evolution of the (b) phase fraction (c) lattice parameter and (d) average crystallite size and micro-strain for the NiS» phase.

Circles, squares and triangles represent the NiS», NiS and Nickel Sulfate phases. Table S1 — Rietveld results for Ni34Se¢s sample milled 9
hours as a function of storage time (aging).

Ageing Rwp Gof Phase content NiS; NiS
time Cry. Size Micro- a (A) Cry. Size Micro- a(A) c(A)
(months) (nm) strain (%) (nm) strain (%)
0 1.3 1.53 NiS>=82.9% 22.0 0.67 5.6714 12.22 0.97 34219 5.3297
NiS =17.1%
0.5 7.14 2.16 NiS, = 82.36% 22.6 0.64 5.6657 16.16 1.36 3.4147 5.3259
NiS =9.04%
*NiSO4(H20)s = 8.60%
2 1.39 1.33 NiS;=78.1% 23.0 0.67 5.6729 12.0 0.91 3.4201 5.3253
NiS = 14.8%
*NiSO4(H20)6 =7.1%
6 2.21 4.09 NiS;=34.3% 28.0 0.72 5.6746 -- -- -- --
***NiSO4H,0 =29.5%
S =20.0%
**N1SO4(H20)s= 10.3%
S309=5.1%
S¢=0.73%
21 1297 11.52 NiS;=9.1% 32.0 0.74 5.6712 -- -- -- --

**NiSO4(H20)s = 76.2%
***N1SOsH20 = 7.1%
Ss =7.6%

aRietveld results from synchrotron data (Fig. S1)



*ICSD 65018 (space group Cl12/cl)
**[CSD 39420 (space group P 412 2)

***FICSD 27095 (space group C 12/cl)
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Figure S3 - (a) bright field TEM image of the Ni34Ses sample milled for 9 h (b) SAED
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Figure S4 — UV-vis spectrum of MB solution (400 — 800 nm) before adsorption process
(black line with dots) and after adsorption process with different concentrations of NiS:
as-milled sample. (a) 0.25 gL' (b) 0.625g L' (¢c) 1.25 gL' (d) 1.88 g L.
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Figure S5 — UV-vis spectrum of MB solution (400 — 800 nm) before adsorption process

(black line with dots) and after adsorption process with different concentrations of NiS»

aged sample. (a) 0.25 gL' (b) 0.625 gL' (¢c) 1.25 gL' (d) 1.88 g L.
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ARTICLE INFO ABSTRACT

Keywords: The cation binding ability of pectin was explored for the preparation of a highly active CaO catalyst for soybean
Biodiesel oil transesterification. The catalyst was prepared by the precipitation method using Na,CO3 and Ca(NO3), in the
Transesterification

presence of pectin followed by calcination. The best catalyst, CaP-600, was prepared at 600 °C and was char-
acterized by FTIR, TGA, BET, CO,-TPD and powder X-ray diffraction (PXRD). CaP-600 was characterized as CaO
containing carbonaceous materials left from pectin combustion. At only 1 wt% CaP-600 loading, biodiesel
conversion reaches 99% after 4 h with a methanol:oil = 7:1 M ratio. Importantly, the calcium content in the
produced biodiesel was only 0.7 ppm, which implies a satisfactory compliance with the ASTM D6751 and EN
14,214 standards. To the best of our knowledge, this is the best CaO catalyst reported for biodiesel production in
terms of efficiency and amount of calcium leached. For comparison, CaO prepared in the absence of pectin
showed poor catalytic activity in the optimized reaction conditions, demonstrating that the presence of the
biopolymer prior to the calcination step is crucial for the catalytic performance of the CaO particles. Possible

Heterogeneous catalysts
Highly active calcium oxide
Pectin

rationales for the biopolymer role are discussed.

1. Introduction

Approximately 85% of the total energy used by modern society
comes from fossil fuels. Therefore, these are still the most important
energy sources available [1]. However, considering its imminent de-
pletion and highly harmful environmental impact, modern society has
been searching for renewable and viable alternatives such as biofuels.

One of the most known biofuel is the mixture of alkyl esters of fatty
acids, called biodiesel. Since its physicochemical properties are similar
to conventional diesel, no engine adaptations are required for its use
when blended with petroleum diesel [2]. Besides, biodiesel also pre-
sents several advantages compared to petroleum diesel, which include
lower toxicity, lower emissions of pollutants such as carbon monoxide,
sulfur dioxide, particulate matter, polycyclic aromatic hydrocarbons
and aldehydes [3]. In addition, due to its chemical similarity with
natural oils and fats, its degradation in the environment is fast, reducing
the impact in cases of fuel leaks or spills [4]. For these reasons, this
biofuel can be considered a viable alternative to petroleum diesel.

Biodiesel is commonly obtained by the transesterification of trigly-
cerides, such as vegetable oils or animal fat, with a short-chain alcohol,
such as methanol or ethanol. A molar ratio of 3:1 with respect to the

* Corresponding author.
E-mail address: jrmora@usfq.edu.ec (J.R. Mora).

https://doi.org/10.1016/j.fuel.2020.117651

triglycerides (Fig. 1) is needed. However, since the reaction products
are in equilibrium with reactants, excess alcohol is employed to achieve
high conversion [5]. Importantly, in order for the reaction to occur,
catalysts need to be added.

Commonly used homogeneous catalysts are strong acids, such as
hydrochloric and sulfuric acid, or strong bases such as potassium and
sodium hydroxide [6]. Bases are used more frequently because they
allow reactions to proceed at moderate temperature and pressure, and
relative shorter reaction time is needed [7]. However, the use of the
above mentioned hydroxides presents significant disadvantages in the
process, such as generation of soaps (secondary saponification reac-
tion). Besides, the resultant fuel can end up contaminated with alkaline
ions, which is usually remediated with several washing steps with
water. This increases the manufacture costs and the amount of waste-
water produced, originating an environmental pollution problem [8].

Currently there are several efforts to replace homogeneous catalysts
by heterogeneous ones in biodiesel production. For example, acidic
metallic oxides, such as modified zirconia, titania, and heteropoly acids
loaded on suitable supports have been investigated showing conver-
sions > 85%. However, these catalysts work in temperatures above
200 °C and at high methanol pressure [9], conditions that usually
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Fig. 1. General Transesterification reaction of triglycerides with methanol.

cannot be achieved in most reactors found in traditional biodiesel in-
dustry.

Enzymatic catalysis with lipases has also been demonstrated [10].
These biocatalysts permit easy product separation, operate at lower
temperature and yield a cleaner final product which does not require
copious washing with water. However, the reaction time is longer and
the associated costs are too high to render them a competitive alter-
native against traditional technologies [11].

On the other hand, the use of insoluble alkali metal oxides, such as
BaO, CaO and MgO, has proven to be very efficient for biodiesel pro-
duction. CaO is probably the most studied metal oxide due to its high
basicity, lower toxicity, high stability, easy handling and low cost. In
short, it is considered the most efficient heterogeneous catalyst for
biodiesel production, allowing high yields at low reaction times [8].
However, it has been widely demonstrated that a large amount of cal-
cium ions are released in the fuel phase in CaO biodiesel production
[12-19], exceeding the 5 ppm limit given in the ASTM D6751 and EN
14,214 specifications [20,21]. For example, when commercial CaO was
used as catalyst at 3 wt% and 65 °C, excellent conversion was achieved
after 75 min. However, the calcium content in the fuel phase was
51 ppm after centrifugation [13]. In another study, CaO was doped with
alkali metals using the incipient wetness method and used as a catalyst
at 5 wt% and 60 °C for 3 h. A quantitative biodiesel formation was
achieved, however the calcium content in the fuel ranged from 200 to
600 ppm [12].

Pursuing the removal of calcium ions present in biodiesel prepared
with CaO, some washing procedures have been studied by Alba-Rubi
et al.[22]. The authors demonstrated that washing biodiesel with water
or aqueous hydrochloric acid is not effective. In addition, the authors
demonstrated that using high doses (50 wt% in relation to biodiesel) of
sulphonic resins (DOWEX) almost completely removed Ca®* ions.
However, in this case the acid value of the final biodiesel did not meet
the regulatory standards.

An interesting strategy to reduce the leachability of calcium from
CaO is addition of modifiers in the oxide matrix. For example, it has
been shown that when CaO was modified with bromo-octane the
amount of calcium leached decreased to 26 ppm at 5 wt% catalyst
loading, 65 °C and 3 h [14].

The use of polymers as modifiers in the preparation of alkaline
oxides for biodiesel production has also been reported in the literature.
MgO was prepared by the precipitation of Mg(NO3), with ammonia in
the presence of poly(vinyl alcohol) (PVA) followed by calcination. The
authors observed a much higher catalytic activity for the material
prepared in the presence of PVA and concluded that the carbonaceous
residue coming from PVA combustion was responsible for the improved
activity [6]. In another study, the preparation of calcium-incorporated
chitosan spheres was reported and it was demonstrated that after cal-
cination a porous calcium oxide was produced [23]. Similarly, Fur-
usawa et al. reported the use of CaO-loaded alginate capsules for ra-
peseed oil transesterification with methanol [24].

In the present work, we investigate the use pectin as a modifier for
the preparation of CaO active for biodiesel production. Pectin was se-
lected for its high availability, low cost and the presence of carboxylic
acid groups in D-galacturonic acid units, which possess the ability of
efficiently complexing Ca®™" ions [25]. As will be shown, CaO prepared
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with addition of this biopolymer demonstrated higher catalytic activity
and a significant decrease in the amount of calcium leached to bio-
diesel, complying with international standards without the need of
additional washing steps. A detailed characterization of the prepared
catalysts and produced biodiesel using different techniques was con-
ducted. Finally, insights into the reasons behind the beneficial effect of
the biopolymer for catalyst performance are discussed.

2. Experimental
2.1. Materials

All reactants were used as received from the suppliers. Calcium
nitrate tetrahydrate from Loba Chemie (Purity: 99%, CAS No:
13477-34-4), sodium carbonate anhydrous from Loba Chemie (Purity:
99%, CAS No: 497-19-8), Calcium oxide from Sigma-Aldrich (99.9%,
CAS No: 1305-78-8) and pectin from Loba Chemie
(M.W = 30000-100000, degree of esterification = 63.0-66.0%, CAS
No: 9000-69-5). Commercial soybean oil Gustadina (PRONACA-Quito,
Ecuador). Methanol ACS Basic (99.9%) from Scharlau, Chloroform AR
(99.8% stabilized with ethanol) from Loba Chemie, Potassium
Hydroxide Pellets from Fisher Scientific, TLC silica gel 60 F254plates.

2.2. Catalyst preparation

Catalyst preparation was performed using the precipitation method
[6]. In a beaker, 100 mL of a 0.28 g/mL Ca(NO3),--4H,0 solution was
magnetically stirred at 400 rpm at room temperature. Then, 2 or 3 g of
commercial citrus pectin was slowly added, and the pH was adjusted to
2 with HC1 0.1 M. After stirring for 8 h approximately 50 mL of a 0.3 g/
mL Na,COj3 solution was slowly added until pH 10, and the mixture was
stirred for additional 4 h. The precipitate was filtered and washed 3
times with distilled water to remove all water-soluble salts, giving ap-
proximately 7.5 g of a white powder. The material was dried at 120 °C
for 4 h and calcined in air at 400 °C or 600 °C for 14 h. These samples
will be mentioned from now on as CaP-T, where P represents the pre-
sence of pectin and T is the calcination temperature. Reference mate-
rials were also produced with the same procedure but in absence of
pectin and they will be denoted as CaR-T. As no difference in catalytic
activity was found for materials prepared using 2 or 3 g of pectin, most
results given are for the catalyst prepared using 2 g of pectin. Therefore,
five materials were studied in detail: CaP(non calcined), CaP-400, CaP-
600, CaR-400 and CaR-600.

2.3. Conventional biodiesel (CB) prepared with KOH

A standard biodiesel sample was prepared using the well-estab-
lished KOH methodology. This sample will be referenced as conven-
tional biodiesel (CB). The transesterification reaction took place in a
Erlenmeyer flask with 0.5 g of KOH (1 wt% with respect to the oil),
14 mL of methanol and 50 g of soybean oil (6:1 methanol to oil ratio)
[26]. The contents were stirred at 500 rpm for 3 h at room temperature.
Subsequently, the final mixture was transferred to a separating funnel
to remove glycerol (lower phase) from the methyl esters. Once sepa-
rated, the biodiesel was washed with a mixture of 10 mL 0.1 M HCl and
10 mL 4 M NaCl. The aqueous phase was discarded, and the procedure
described above was repeated until pH 6-8 was reached. Then the
biodiesel was washed 3 times with 25 mL of distilled water and dried
using anhydrous magnesium sulfate.

2.4. Catalytic tests with the prepared materials

Test tubes with a concave base were used as batch reactors (see
Figure S1 for details). As a general procedure, the catalyst was loaded
into the reactor, followed by methanol and soybean oil. The tube was
closed with a screw cap, magnetically stirred at 1200 rpm and heated to
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65 °C in an oil bath. Initial experiments were performed with CaP-400,
CaP-600, CaR-400 and CaR-600 at 3 wt% catalyst (in respect to oil), a
methanol to oil ratio of 28:1 and 2 h reaction time, i.e., 22.2 mg cat-
alyst, 1 mL methanol and 740 mg oil. In subsequent experiments, op-
timizations were performed focusing on catalyst loading (0.5, 1.0, 2.0
and 3.0 wt%) and methanol to oil ratio (7:1, 14:1, 21:1 and 28:1) fixing
the reaction time at 4 h. In all cases, the workup was done by cen-
trifuging the reaction mixture at 4000 rpm for 5 min to separate the
solid catalyst from the reaction products. The supernatant, rich in
biodiesel, was directly analyzed by TLC, H'NMR and RI.

2.5. Biodiesel characterization

2.5.1. Thin layer chromatography (TLC)

TLC has been widely used to analyze biodiesel and glycerides mix-
tures [27-32]. This procedure is faster and more environment friendly
than GC and HPLC methods, for example, and is very convenient to
quickly screen large datasets. Therefore, in this work TLC was used in
initial assessments. These analysis were performed using Silica gel 60F
254 plates (see details on Figure S2) and petroleum ether, diethyl ether
and acetic acid mixture (8:1.9:0.1 v:v:v) as eluent [28]. Retention factor
(Rp) of relevant substances are given in Table S1. Spots were developed
in an iodine chamber.

2.5.2. Proton nuclear magnetic resonance (H'NMR)

After reaction contents were centrifuged, 50 pL of the supernatant
were withdrawn and diluted in 500 pL of CDCls. Biodiesel conversion
was accessed by H'NMR spectroscopy in a Varian AS 400 MHz instru-
ment using the so the method reported by Faraguna et al. [33]. In this
method, the area of the methoxy singlet (Hy;) that appears in the fatty
acid methyl ester (FAME) can be directly compared with the area of the
a-carbonylmethylene protons (Hyc), close to the ester group. When
conversion reaches 100%, the Hy; to Hyc area ratio should be 3:2.
Therefore, conversion X% can be calculated using Eq. (1).

X% = 100 X (2Hy;/3Hyc) (@)

2.5.3. Calcium analysis by capillary zone electrophoresis (CE)

CE analyses were performed using a methodology recently reported
for the determination of calcium in biodiesel samples [34]. The limit of
quantification is between 0.07 and 0.5 ppm. An Agilent Technologies
capillary electrophoresis system model 7100 CE equipped with a diode
array detector was utilized. The wavelength selected to determine the
cation concentration was 350 nm, with reference in 280 nm. The se-
paration voltage was fixed at 30 kV (positive at the electrode where the
sample was injected).

2.5.4. Refractive index

A Thermo Fisher Scientific refractometer model 334,610 was em-
ployed to measure the refractive index. A calibration curve was con-
structed with mixtures of oil and conventional biodiesel of known
composition from 0 to 100 wt% in intervals of 25%. For the analysis of
real samples, an aliquot of the reaction mixture was taken and mixed
with chloroform to accelerate phase separation. The chloroform phase
was separated and washed several times with water. Finally, the solvent
was evaporated completely, and the biodiesel/oil mixture was inserted
in the equipment. Each sample was measured in triplicate.

2.5.5. Gas chromatography-mass spectrometry (GC-MS) analysis

The GC-MS analysis was performed in order to confirm that no
molecular arrangement is occurring in the biodiesel produced with CaP-
600 in comparison with the biodiesel produced by the conventional
methodology (with KOH). The analysis was performed in a Shimadzu
GCMS-QP-2010 Ultra Plus with autosampler/autoinjector AOC-20i/s,
using a Thermo Scientific™ TRACE™ TR-WaxMS GC column. The vo-
lume injected was 0.2 uL with a split mode 1:10, injector temperature

Fuel 271 (2020) 117651

of 250 °C. The oven was configured as follow: initial temperature
150 °C, ramp to 250 °C at 25 °C/min; ramp to 253 °C at 1 °C /min; ramp
to 275 °C at 25 °C/min, and an isothermal hold at 275 °C for 2 min.
Helium was the carrier gas with a velocity of 13 mL/min.

2.6. Catalyst characterization

2.6.1. Fourier transform infrared spectroscopy (FTIR)

A Bruker instrument model ALPHA was employed to acquire the
FTIR spectra. Samples were prepared in ground spectroscopic grade KBr
pellets and a resolution of 4 cm ~'/128 scan was used for the analysis.
About 0.1 g of the catalyst was dispersed in 0.5 g of KBr using an agate
mortar and pestle, followed by the formation of a transparent pellet
which was immediately inserted in the equipment.

2.6.2. X-ray diffraction (XRD)

XRD diffraction patterns for calcined samples were recorded in a
Rigaku diffractometer model MiniFlexll. The equipment was operated
with a CuKa radiation source (A = 1.540562 /o\). Samples were scanned
in the range 10-90° for an angular 2theta (26) in steps of 0.02°.

2.6.3. Thermogravimetric analysis (TGA)

TGA analyses were performed in a Shimadzu TGA-50 using a ni-
trogen flow of 50 mL.min~'. A temperature ramp of 10 °C.min "' be-
tween 20 and 800 °C was used.

2.6.4. Nitrogen adsorption—desorption isotherms.

Nitrogen adsorption-desorptions isotherms were obtained by using a
QuantaChrome Instruments NOVA2200e at —196 °C. Surface areas
were determined using Brunauer-Emmett-Teller (BET) method. The
pore size was determined by Barrett-Joyner-Halenda (BJH) method
applied to the desorption branch of the isotherm, and pore sizes were
determined from a single point at relative pressure P/P° = 0,98.
Samples were degassed overnight at 200 °C under vacuum prior to
analysis.

2.6.5. Temperature programmed desorption (CO2-TPD)

Basicity of the samples was measured by the temperature pro-
grammed desorption of carbon dioxide (CO,-TPD) as probe molecule.
The patterns were recorded using a QuantaChrome ChemBET 3000
TPR/TPD Chemisorption Analyzer equipped with a thermal con-
ductivity detector (TCD). The sample was preheated in a U quartz tube
at

600 °C under the flow of He (100 mL.min~!) for 1 h, then cooling
until room temperature. After the cooling, the sample was kept under
the flow of CO, (100 mL.min~") for 40 mins at room temperature.
After, the sample was purged under flow of He

(100 mL.min " %) for 30 min in order to eliminate physisorbed CO,.
The TPD analysis was carried out from ambient temperature to 600°
(10 °C.min ") under flow of

He (100 mL.min~1). CO, concentration in the effluent stream was
monitored by using and the areas under the peaks were integrated to
determine the amount of CO, desorbed. TCD calibration was performed
by passing known volumes of CO, three times. The evaluation of the
peaks was done utilizing the equipment software TPRWin.

3. Results and discussions
3.1. Biodiesel production

3.1.1. Initial screening

The conditions used for the initial tests were a catalyst loading of
3 wt% (in respect to oil) and a methanol to oil molar ratio of 28:1.
Reactions were carried out for 2 h at 65 °C. After this period, the tubes
were centrifuged, and the supernatant analyzed by TLC.

The effect of adding 2 or 3 g of pectin during the catalyst
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Fig. 2. TLC plates for biodiesel samples obtained with CaP-400, CaR-400, CaP-600 and CaR-600 catalyst respectively comparing with CB. The spot with R¢ 0.8-0.9

corresponds to FAME, while the spot with Ry ~

preparation step was first evaluated. As shown in Figure S3, no sig-
nificant differences were found in the catalytic activity of these mate-
rials. This is in accordance with the observation that the amount of
precipitate obtained after addition of Na,CO3 was the same when 2 or
3 g of pectin were used, indicating that no > 2 g of pectin can be co-
precipitaded with the formed CaCOs_On this basis, the results reported
henceforward are for the catalyst prepared using 2 g of pectin.

As can be seen in Fig. 2, CaR-400 does not lead to formation of
biodiesel, while activity of CaP-400 was significantly higher. However,
for CaP-400 a large spot corresponding to triglycerides was still ob-
served after 2 h, indicating that the reaction has not been completed.
On the other hand, quantitative biodiesel formation was observed in
reactions conducted with CaP-600 and CaR-600. Therefore, further
studies were conducted with these materials only.

Considering that Ca®* leaching to biodiesel is of great concern in
the biodiesel industry, we determined the amount of Ca** leached in
the reaction catalyzed by CaP-600 using the above-mentioned reaction
condition. Surprisingly, only 0.70 = 0.01 ppm Ca®>* was found in the
biodiesel phase. This value is much lower than the value established in
the ASTM D6751 and EN 14,214 standards [21,35]. For comparison,
Table 1 shows the amount of calcium leached to biodiesel along with
other relevant information found in the literature for biodiesel pre-
paration using CaO prepared by different methodologies. As can be
seen, none of the materials shown comply with the value set by most of
biodiesel specification standards.

3.1.2. Reaction optimization

In a different set of experiments the effect of the amount of me-
thanol and catalyst loading in the transesterification reaction were
evaluated. The reaction mixtures composition were initially analyzed
by TLC. Fig. 3 shows the TLC plates for each of the biodiesel samples
obtained by varying the amount of methanol and catalyst employed. By
visual inspection, it is possible to determine the most efficient combi-
nation that allows maximum conversion to biodiesel.

As can be seen in Fig. 3, with the exception of conditions employing
0.5 wt% catalyst, it is possible to observe that conversions were nearly
quantitative even at low methanol to oil molar ratio. The condition
employing 1 wt% catalyst and 0.25 mL of methanol (molar ratio me-
thanol:oil = 7:1) is the most efficient one (reaction yield of 99%) and
was chosen in further experiments for resource savings reasons. In ad-
dition, to the sake of comparison, we also performed the reaction in this
optimized condition using CaR-600 and commercial CaO. As a result,
very small conversion to biodiesel was observed by TLC (see Fig. 4),
when is compared with the high yield obtained with CaP-600. This
result alone testifies that pectin is an efficient modifier for the pre-
paration of highly active calcium based catalyst.

Next, we investigated the reaction progress as a function of reaction

0.6 corresponds to triglycerides. See the ESI for further details.

time using the optimized condition with CaP-600. As can be seen in
Fig. 5, FAME formation can be clearly observed already after one hour,
while over 180 min are needed for complete conversion. Therefore,
further experiments were conducted by setting the reaction time at 4 h.

3.1.3. Quantification of FAME% by H' NMR and RI

In order to corroborate the qualitative TLC results described above,
conversions to FAME was analyzed by H'NMR for the biodiesel samples
obtained with CaP-600 catalyst. Fig. 6 shows the H'NMR spectra of the
conventional biodiesel in the top (CB) and as received soybean oil (TG)
in the bottom. The most important signals that allow biodiesel con-
version assesment are the Hy, singlet at 3.65 ppm from the FAME
methoxy group, not observed in the starting soybean spectrum, and the
Hyc signal from the a-carbonylmethylene group close to the ester
group, which is observed in all fatty ester derivatives. Conversion
acessed by H'NMR was calculated using Eq. (1) using the spectra shown
in Figures S4-S11.

The use of refractive index (RI) for conversion calculation was also
explored using the calibration curve shown in Figure S12. Fig. 7 shows
the conversion accessed by RI and H'NMR as a function of time for the
preparation of FAME using 1 wt% CaP-600, 7:1 methanol to oil ratio at
65 °C. As can be seen, conversion accessed by RI and H* NMR are very
similar. In addition, the results indicate that almost conversion higher
than 95% can be achieved after 3 h, in agreement with the results given
by qualitative TLC analysis.

In order to confirm that no molecular rearrangements took place
during the reaction, a GC-MS analysis was performed. As can be seen in
Figure S13, the chromatogram for the biodiesel prepared with CaP-600
is similar to that of the biodiesel prepared using the conventional
methodology (with KOH), demonstrating that the samples are chemi-
cally identical. In addition, the chromatograms are in agreement with
those reported in the literature for soybean biodiesel [37].

Compared to CaO prepared by various methods given in Table 1,
CaP-600 performs better both in terms of conversion and amount of
methanol needed. In addition, CaP-600 is more active than supported
CaO. For example, at 3 wt% and 9:1 methanol to oil ratio conversion is
90% after 6 h when CaO supported on Al,O3; was used [18]. On the
other hand, 3 wt% zeolite supported CaO with 9:1 methanol:oil results
in 95% after 3 h [38]. Finally CaO-MgO-Fe,03-Al,03-Si0, at 1 wt%
and 12:1 methanol:oil reaches 93% after 5 h [39].

3.1.3.1. Reutilization of catalyst CaP-600. CaP-600 recycling
experiments were conducted at 2 wt% catalyst loading, 7:1
methanol:oil ratio, at 65 °C for 4 h. After this time the flask was
cooled to room temperature, the contents centrifuged, and the liquid
phase was removed using a Pasteur pipette. Finally, additional
methanol and oil were loaded, followed by immersing the reactor in
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as shown in Fig. 4, CaP-600 is much more active than CaR-600, yielding
quantitative biodiesel formation (= 100%) with only 1 wt% of catalyst
and a molar ratio methanol:oil = 7.1. Therefore, CaP-600 and CaR-600
are analyzed in detail in the next section.

3.2. Characterization of catalysts

3.2.1. Ftir

In Fig. 9 are shown the FTIR spectrum of the non-calcined sample
(CaP) along with the spectra of the materials prepared in presence and
absence of pectin calcined at 600 °C, CaP-600 and CaR-600, respec-
tively. Although the spectra are very similar, some important differ-
ences were found. CaP displays a broad band between 3400 and
3000 cm~! typical of polysaccharides. This region also has

p * . ¥

Fig. 5. plates of samples obtained with CaP-600 at different reaction times.

contributions from the water O-H stretching [41]. For CaP-600 and
CaR-600 the O-H stretching and bending are clearly visible at 3600 and
1620 cm ™~ ?, respectively. All materials display a broad band centered at
1460 cm ™! and sharp peaks near 700 and 850 cm™! which can be
attributed to COs vibrations [41]. The fact that both calcined materials
display bands attributed to carbonaceous species can be explained by
the reaction of calcium oxide with carbon dioxide in the presence of
moisture to form CaCOj as reported elsewhere [42]. For CaP the band
centered near 1460 cm ™! is considerably broader which can be ex-
plained by the contributions from the stretching vibrations of the car-
bonyl group of pectin. In addition, the peaks observed from 1150 to
1050 cm ™! for CaP confirm the presence of pectin [43]. The latter
peaks, which are obviously absent in CaR-600, are weakly observed in
CaP-600, which indicates formation of carbonaceous structures during
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Fig. 6. Expanded H' NMR spectra of the conventional biodiesel sample (top) and TG from the soybean oil (bottom). The full spectra are given in the supporting

information.
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the calcination process. The spectrum of the pure pectin shown clearly
the corresponding peaks of the carboxylate (-COO", 1643 cm™!) and
methyl ester (-COOCH3, 1755 cm ™) groups present in this biopolymer.

3.2.2. Xrd

The XRD patterns for the non-calcined and calcined materials pre-
pared in the presence of pectin are presented in Fig. 10. The pattern for
CaP is in agreement with formation of CaCO; (diffraction peaks
20 = 24.4° and 39.6°) [15]. Besides, the peaks at 26 = 29°, 36° and 43°
can be attributed to the presence of calcium pectinate in the sample CaP
[44]. On the other hand, the diffraction pattern of CaP-600 and CaR-
600 suggest that the major component is CaO, with diffractions peaks at
32.1°, 37.4°, 53.9°, 64.1°, 67.4°, 79.5° and 88.6° [45].

3.2.3. Tga

In Fig. 11 are shown the TGA profiles for CaP and CaP-600 in N,
atmosphere. CaP displays a first mass loss in the range of 50-150 °C
which can be attributed to evaporation of the water in the sample. In
the range 150-600 °C several weight loss events are observed and can
be attributed to thermal decomposition of pectin as observed elsewhere
[43] and indicate that a considerably amount of pectin is left in solution
during catalyst preparation. Above 600 °C a large weight loss is
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observed which can be attributed to the decomposition of calcium
carbonate in agreement with the behavior previously reported [46-48].
Regarding the TGA analysis of CaP-600, it shows an unexpected mass
loss of approximately 15% in the range 400-450 °C. This thermal event
can be attributed to dehydroxylation of Ca(OH), which was formed by
water adsorption on CaO. [49] A second weight loss occurs in the range
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600-780 °C, and this can be attributed to the decomposition of calcium
carbonate formed by the adsorption of atmospheric CO,.[50] In order
to confirm that the weight loss observed for CaP-600 are the result of
water and CO, adsorption by the material stored at ambient condition,
another TGA analysis was performed with a sample that was quickly
stored in a sealed container under argon atmosphere after calcination.
As can be seen in Figure S14, this material does not lose mass when
heated up to 800 °C. In summary, the TGA analysis indicates that CaP is
converted to nearly pure CaO when calcined at 600 °C. In addition,
small amounts of Ca(OH), and CaCO3 are formed when CaP-600 is
exposed to air.

3.2.4. Bet

The nitrogen adsorption—-desorption isotherms of the oxides CaP-
600 and CaR-600 are given in Fig. 12. As it can be seen, a hysteresis
loop is observed in both materials, and a type III isotherm is identified.
By using the classical BET and BJH methods, it is possible to obtain the
specific surface area (S), the pore volume and the average pore dia-
meter respectively. These results indicate that CaP-600 has a specific
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surface area 15.8 times larger than the CaR-600 (S = 19.45 and
1.23 m?/g, respectively). This increase of the specific area probably is
due to the fact that the carbon matter (from incomplete calcination of
pectin) deposited on the surface of CaO is amorphous, displaying irre-
gularities that contribute to the increment of the specific area. This fact
is also reflected in the pore volume and pore diameter analysis. While
CaP-600 displays a pore volume of 61.20x10 cm>/g and an average
pore diameter of 60.59 A, CaR-600 has a pore volume of 5.16x10 cm®/
g and an average pore diameter of 17.08 A. As reported elsewhere [51],
pore size is an important parameter for biodiesel catalysts due to the
size of a typical triglyceride (about 58 A). The large structural differ-
ences of the prepared oxides are certainly related to the striking dif-
ferences in catalytic activity observed for CaP-600 and CaR-600, de-
monstrating that pectin is a highly efficient structuring agent for the
preparation of reactive CaO.

3.2.5. Cor-Tpd

The amount of basic sites was determined by the peak areas (black
lines) that were deconvoluted (red lines) in the equipment software,
based on known volumes (and peak area) of CO5 injected. According to
Fig. 11, it is observed a decrease of signal intensity obtained by the
detector of the sample CaP-600 (and consequently the amount of basic
sites) in relation to the sample CaR-600. On the other hand, CaP-600
presents weak basic sites (below 160 °C) compared to CaR-600. The
quantity and the strength of the basic sites are shown in Table 2.

Although the pectin functionalized sample shows ca. 12% of the
basicity content of the commercial sample, the catalytic activity was
highly efficient and with low calcium leaching, which may be related to
the carbonaceous layer around calcium oxide (observed in the FTIR),
which may have increased the porosity and kept calcium within the
structure.

Due to the fact that a carbonaceous layer is covering the CaO par-
ticles, some basic sites may be protected and are unable to participate in
the reaction, resulting in the reduction of strong-medium basicity
(above around 300 °C), as observed in Fig. 11A. However, basic sites in
the corners of the carbon matter layer may act as weakly basic sites,
explaining the signals at temperatures below 270 °C in Fig. 13B. Im-
portantly, these basic sites are strong enough to deprotonated methanol
to allow the transesterification reaction.

—eo— CaP-600

—e— CaR-600
0.20 -
0.15

)

£

S 0104
0.05 o
DOy :

00 02 04 06 08

P/P

1.0 0.0 0.2 04 06 08 1.0

0
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Table 2
Results from the CO,-TPD analysis.

Sample Site strength [51] Total of sites
(wmol.g~")
Weak Medium (160 Strong
(<160 °C) -400 °C) (> 400 °C)
CaR-600 - 119.818 144.454 264.272
CaP-600 5.150 11.346 14.908 31.404

Alkaline earth metals are often used for transesterification reactions,
and theoretically, the more basic the material, the better the catalytic
activity [52].

However, Veiga et al. report the lack of relationship between the
amount of CO, adsorbed (as Lewis’ basic sites) and the catalytic activity
of a material [53]. Also, carbonaceous species formed from pectin
calcination, which can be in the deprotonated form, may contribute to
the increase of catalytic activity [54].

3.3. Mechanistic insights into pectin-Ca interaction and biodiesel production

Based on the results obtained in this work, some insights can be
given on the role of pectin for the production of highly active and low-
leaching CaO catalyst. Fig. 14 gives a schematic representation of this
process. Prior to addition of sodium carbonate, Ca?* ions bind to
pectin. This binding process is driven by electrostatic interaction as
studied in detail by Fang et al. [55], who demonstrated that for high
methoxy content pectin each calcium ion binds two galacturonic acid
units. Once sodium carbonate is used to raise the pH a precipitate
containing calcium carbonate and calcium pectinate is formed as de-
monstrated by PXRD and TGA analysis. When the material is calcined,
CaCOj is converted to CaO, while pectin suffers an incomplete calci-
nation, leaving a layer of carbon matter deposited on the CaO particles.
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As pointed by Mariani et al. [56], who used pectin to create me-
soporous magnetic iron oxides, the energy supplied during pectin
combustion along with the gas release favor formation of finely divided
powders, which the authors describe as “puffs”. A similar process
probably takes place during CaP-600 formation. Therefore pectin acts
as a structuring agent, being able to produce a porous structure, with
pores large enough to accommodate the triglyceride, after calcination.

4. Conclusions

In this work it was demonstrated that pectin is a very promising
material for the preparation of CaO active for biodiesel production
when the calcination is carried out at 600 °C. The catalyst is active for
biodiesel production even at low molar methanol to oil ratio (7:1) and
low catalyst loading (1 wt%), with minimum Ca®* leaching to the final
product. CaP-600 is mostly composed of CaO along with some carbo-
naceous residues on the structure as shown by FTIR and PXRD. When
CaP-600 is compared to the corresponding CaR-600, important differ-
ences were found in terms of surface area, pore volume and basicity.
The increase in the surface area can be associated with the release of
gases during combustion and the deposition of carbon matter on the
CaO surface. These structural and compositional differences provoked
by pectin are certainly responsible for the large catalytic activity and
low leachability of CaP-600. Preparation of CaO using pectin of dif-
ferent degrees of esterification are currently being carried out in our
laboratories.
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Substance Rt
Methyl esters (ME) 0.8-0.9
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Free fatty acids (FFA) 0.4-0.5
Diglycerides (DG) 0.2-0.25
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Figure S3. Effect of the amount of pectin added during catalyst preparation. TLC plates
of biodiesel samples obtained with catalyst prepared using 2 or 3 g of pectin calcined at

400 and 600 °C.
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Figure S4. H'NMR spectra of samples obtained with 1% catalyst and 7:1 methanol:oil

at t=0 min.
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An Imidazole-Rich Pd(ll)-Polymer Pre-catalyst for the
Suzuki-Miyaura Coupling: Stability Influenced by Dissolved
Oxygen and Reactants Concentration

Elvis N. Nishida,” Elder C. Leopoldino,” Laize Zaramello,” Higor A. Centurion,®
Renato V. Goncalves,™ Ricardo F. Affeldt,” Carlos E. M. Campos,” and Bruno S. Souza*"

Herein a novel Pd(ll)-polymeric pre-catalyst was prepared by
coordinating Pd(ll) ions to a low cost imidazole/carboxylate-rich
polymer. The material displays good activity in the Suzuki-
Miyaura coupling towards a range of aryl bromides and iodides
in iPrOH/H,0 mixtures at 25 or 60°C. Catalyst longevity and
recyclability proved to be sensitive to the concentration of the
cross-coupling partners. When the concentration of PhBr is high
(IPhBr1=250 mmolL™"), inactive Pd(0) aggregates were de-

Introduction

Palladium cross-coupling reactions are routinely used in
research laboratories worldwide and in industry for the
preparation of high added value products, such as pharmaceut-
icals and agrochemicals." Among important C—C coupling
reactions, the Suzuki-Miyaura (SM) lie among the most exten-
sively used. In the seminal works of the 1970's"*” and
1980’5, soluble metal precursors combined with phosphine
ligands were employed as catalysts. Despite good yields, the
original procedures displayed some drawbacks, such as long
reaction times, ligand sensitivity to air, catalyst deactivation and
use of toxic aprotic solvents (NMP and DMF).B'%'¥

As concerns about the protection of environment and
workers increased in the last decades, greener methodologies
and processes for improved and safer organic synthesis became
mandatory and modern synthetic methods should be devel-
oped according to the Twelve Principles of Green
Chemistry.">"'7 DMF, for example, is classified as a ‘substance of
very high concern™®'¥ in Europe. Thus, aspects such as the use
of safer solvents, energy saving reactions as well as catalyst
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tected. On the other hand, when the reaction was performed at
20-fold dilution ([PhBrl=12.5 mmolL™") the material could be
reused up to 12times without significant loss of catalytic
activity. In this condition, minimum amount of Pd(0) was
detected by XPS analysis and no Pd(0) aggregates were
observed by XRPD. Importantly, it was found that the presence
of oxygen is fundamental for avoiding formation of inactive
Pd(0) aggregates.

recovery should be pursued also in the field of Pd cross-
coupling reactions.

A classical approach to allow the recovery of the precious
metal is the use of supports that can be easily separated by
filtration or centrifugation. It is generally acknowledged that the
heterogeneous material serves as a source of soluble palladium
species that are active as homogeneous catalysts.”” Therefore
the supports should possess a good affinity for the metal, but
the coordinating interaction should not impair the reaction rate
considerably. In addition, Pd nanoparticles are commonly
formed in these reactions,” ! and the insoluble support can
help hinder the formation of larger, less reactive,
aggregates,”* ¥ enhancing catalyst longevity.?**”

Binding Pd species on polymers is an interesting strategy to
generate recoverable catalysts.””” Compared to traditional
supports, such as metal oxides or carbon, the support can be
more easily tuned by inserting coordinating groups using
simple chemical steps.?®34

Among the myriad of heterogeneous supports for Pd
immobilization, many contain the imidazole group as a key
component. For example, Yamada and co-workers®>*® synthe-
sized a poly(imidazole)-based polymer that was used to
encapsulate Pd(ll). The material showed impressive catalytic
activity in Heck-Mizoroki, SM and Tsuiji-Trost coupling reactions.
The high activity of this Pd-polymer is in line with the finding of
Trzeciak and Augustyniak,®?” who reported that imidazole can
stabilize Pd(ll) and Pd(0) species involved in SM reactions,
enhancing the metal longevity by avoiding deactivation
through agglomeration. Similarly, Szulmanowicz and co-
workers®® studied the catalytic activity of homogeneous Pd(l)
complexes with different imidazole ligands towards the SM
coupling, showing good to excellent activity for different
activated aryl bromides and phenylboronic acid.

In addition, efforts to develop easily recoverable imidazole-
based catalysts have been reported, such as immobilization of

© 2021 Wiley-VCH GmbH
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Scheme 1. Preparation of PECIm from PEMA and API followed by binding to Pd(ll) ions.

Pd in nano silicon functionalized with a N-heterocyclic
carbenes," covalent organic frameworks,?? silsesquioxane
matrix,®? and a SBA-15 derivative.*® Although the materials
display high catalytic activity in cross-coupling reactions, their
preparation involve many steps, rendering them less practical
for industrial applications.*" This issue brought to attention by
De Vries and co-workers"'**! who pointed out the disadvan-
tages in the immobilization of Pd on heterogeneous supports
prepared by dispendious synthetic routes, with long reactions
time and under harsh conditions.["***?

Allying the strategy of simple functionalization of commer-
cial polymers with ligands opens a possibility to develop
potential stabilizers for Pd(ll) with relatively straightforward
synthetic routes. With this goal, the present work describes a
new polymeric composite derived from the commercial poly-
mer poly(ethylene-alt-maleic anhydride) (PEMA) functionalized
with 1-(3-aminopropyl)imidazole (API) in a single step. Because
the polymer (PECIm) bears imidazole and carboxylate groups it
acts as an efficient ligand, avoiding formation of Pd(0)
aggregates which are less reactive in the SM reaction. In this
work, the pre-catalyst, Pd/PECIm, was applied in SM reaction
and its catalytic activity and recyclability evaluated.

Results and Discussion
Preparation and characterization of Pd/PECIm

PECIm polymer was prepared by a one-step modification of
PEMA with APl as reported by Leopoldino and coworkers.”
This polymer bears carboxylate and imidazole units able to
coordinate to Pd(ll) ions. Complexation was carried out by the
slow addition of a K,PdCl, solution to an aqueous PECIm
solution (Scheme 1). After a few minutes of mixing, pale yellow
solids could be detected by naked eye. The mixture was stirred
overnight and the solids were isolated by filtration, followed by
several washings with water. FAAS analysis of the as obtained
solid, labeled Pd/PECIm, revels that it contains 11.3 wt% Pd.
Based on nitrogen found by elemental analysis of Pd/PECIm
(see Table S1) it is possible to conclude that there are
approximately two monomeric units of PECIm for each Pd(ll)
ion.

Although PECIm is highly soluble in water, Pd/PECIm does
not dissolve in this solvent, even under vigorous heating. This
can be explained by the formation of Pd(ll) crosslinks between

ChemCatChem 2022, 14, €202101596 (2 of 10)

polymer chains and is a good indicative of a strong association
between the polymer and the Pd(ll) ions. The infrared spectrum
of Pd/PECIm is very similar to that of pure PECIm (Figure S2),
giving no clear clues to help pinpoint if the Pd(ll) ions are
coordinated to the carboxylate or imidazole groups, or both.
However, valuable information could be obtained by XPS and
TGA.

A comparison of the TGA of PECIm and Pd/PECIm is given in
Figure S3. The PECIm polymer displays two marked weight loss
events up to 300°C: from 25 to 110°C, 5 wt%, attributed to
residual solvent desorption, and from 120 to 275°C, 10 wt%,
attributed to water elimination from the thermal imidation, a
reaction that takes place between vicinal carboxylate and amide
groups as reported previously.?**? Interestingly, as shown in
Figure S3, this second weight-loss event is not observed in Pd/
PECIm, which can be explained by the coordination of the
carboxylate groups to Pd(ll). To further confirm the importance
of the imidazole group for Pd(ll) binding, a control experiment
was performed by functionalizing PEMA with 1-propylamine,
affording structure A in Figure 1. Surprisingly, this polymer does
not form insoluble solids in contact with Pd(ll). Similarly, the
diacid derived from PEMA hydrolysis, B in Figure 1, also does
not form a precipitate in contact with Pd(ll) ions. These are
compelling evidence for the importance of the imidazole group
for strong palladium association to the polymer. Additional
information about the N™%=*_,pd coordination comes from
the nitrogen region of the XPS spectrum of Pd/PECIm given in
Figure S4. Free PECIm displays N signals attributed to the
imidazole ring (N™9%°') at 398.7, 400.8 and 402.0 eV and amide
carbonyl (N°™%) 3994 eV. After the addition of Pd(ll), the
398.7 eV signal is shifted to lower energy, being overlapped
with the N°™® signal at around 399.4 eV (see Figures 522). A
similar shift of the N™9" after complexation with Pd(ll) was
reported by Mathew and Srinivasan, who developed Pd

Figure 1. Polymers obtained by reaction of PEMA with propylamine (A) and
water (B) that do not form insoluble complexes with Pd(ll).

© 2021 Wiley-VCH GmbH

85U8017 SUOWIWIOD 8A 111D 8|qeal|dde ay) Ag peusencb afe sopiLe YO ‘8sn Jo se|ni Joj ARiq 1 8uluo 8|1/ UO (SUONIPUOD-pUB-SWLB)/W0D A8 |IM ATelq U1 |UO//SdNY) SUONIPUOD pue swie | 8Y) 89S *[6202/90/52] Uo Ariqiauluo A8(IM ‘'sedeD Ag 965TOTZ0Z 0109/200T OT/I0p/Wod" A8 | imAelq 1 puljuoadoune-Alis weyo//sdny wouy pepeojumod ‘S ‘zzI>z ‘668E298T



Research Article
ChemCatChem

doi.org/10.1002/cctc.202101596

Chemistry
Europe

European Chemical
Societies Publishing

catalysts for alkene hydrogenation where the metal was
coordinated to polyvinyl imidazole supported on Si0,."”

Suzuki-Miyaura optimization and reaction scope

The SM reaction between phenylboronic acids and aryl
bromides was chosen to probe the catalytic activity of Pd/
PECIm. Aiming to make the reaction as simple and green as
possible, sodium hydroxide was selected as a base and no
phosphines ligands were employed. The solvent selection was
made based on those indicated by the studies of Byrne"® and
Prat™ who considered the practical aspects of green solvent
usage in the pharmaceutical industry.

As given in entry 1, Table 1, water as the sole solvent leads
to about 63% biphenyl yield at 25°C, 0.5 mol% Pd, after
120 minutes. We hypothesized that decreasing media polarity

Table 1. Solvent screening for Suzuki-Miyaura coupling between PhBr and
phenylboronic acid.”!

i Pd/PECIm
@Br T L 7N
HO 4&: Solvent \:/
T (°C), t (min)

Entry mol%Pd T[°C] t[min] Solvent® Conversion [%]"

1 0.5 25 120 H,O 63

2 0.5 25 120 iPrOH n.r.

3 0.5 25 120 iPrOH/H,O 92

4 0.5 60 10 iPrOH/H,O 92

5 0.5 60 10 EtOH/H,0 65

6 0.5 60 10 n-BuOH/H,0 85

7 0.5 60 10 ACN/H,0 34

8 - 60 10 iPrOH/H,0 n.r.

[a] Reaction conditions: PhBr (0.5 mmol), phenylboronic acid (0.6 mmol),
NaOH (1.0 mmol), solvent (Vyy, =2 mL), Pd/PECIm (2.5 mg, 11% wtPd).”
Pure or 1:1 (v:v) mixtures, [b] Conversion by UV-Vis, with calibration
curves from biphenyl, [c] With PECIm only.

by running the reaction in pure /PrOH would increase the
biphenyl yield. However, in this solvent, no coupling product
was formed (entry 2). Surprisingly, excellent conversion was
observed in a 1:1 iPrOH/H,O mixture (entry 3), in agreement
with the results reported by Szulmanowicz and coworkers.™®
We further explored this solvent mixture by conducting the
reaction at 60°C and 92% yield could be obtained in only
10 min (entry 4), demonstrating promising results in compar-
ison with previous works on Pd immobilized catalysis."**** We
believe iPrOH/H,O mixture outperforms the pure solvents due
to the proper dissolution of PhBr and ionic reactants, such as
hydroxide and trihydroxyboronate anions.®**" In addition, it is
possible to speculate that water is essential to form a solvent
film on the pre-catalyst, making Pd(ll) ions available to the
reactants. The use of EtOH/H,0 and n-BuOH/H,O gives moder-
ate to good yields, while ACN/H,O is a poor solvent system
(entries 5-7). Although the solvent scope is relatively limited, it
appears that polar protic solvents favor product formation. As a
control experiment, the reaction does not occur when Pd/
PECIm is replaced by PECIm only (entry 8).

With an optimized system in hand, we explored the
substrate scope in the SM reaction in iPrOH/H,0 at 60°C and
the results are given in Table 2. Excellent yields were obtained
for a variety of aryl iodides, including the less reactive 4-
iodoanisole (entries 1-4). Similarly, high yields were obtained
with aryl bromides and boronic acids, including those with
donor groups (entries 5-11). The presence of an ortho methyl
group in the aryl halide or boronic acid results in a slight
decrease in yield (entries 12-13). Unfortunately, Pd/PECIm was
not active for 4-bromoaniline (entry 14). Indeed, the reaction
mixture was brownish for this compound, and the recovered
polymer was much clearer, indicating that the amine removed
the Pd from the polymer.

Table 2. Substrate scope for Suzuki-Miyaura coupling®
! - /ﬂRj Pd/PECIm R’ R2
@x SO /TN 05 motw) @J’ \
\ / Hd \:_/f . NaQH —
iPrOH/H,0, 60°C

Entry X R R? Time [minutes] Yield [9%]® TON TOF [h~']¥
1 | H H 10 90 180 1080
2 | 4-OCH; H 10 92 184 1104
3 | 4-COCH, H 10 95 190 1140
4 | 4-NO, H 10 95 190 1140
5 Br H H 10 92 184 1104
6 Br 4-CN H 30 95 190 380
7 Br 4-NO, H 10 95 190 1140
8 Br 4-COCH; H 10 95 190 1140
9 Br 4-OH H 30 94 188 376
10 Br H 4-OCH, 10 95 190 1140
11 Br H 4-N(CH,), 10 920 180 1080
12 Br 2-CH, 10 77 154 924
13 Br H 2-CH, 30 74 148 296
14 Br 4-NH, H 10 n.r. - -
[a] Reaction conditions: aryl halide (0.5 mmol), phenylboronic acid (0.6 mmol), NaOH (1.0 mmol), iPrOH (1.0 mL), water (1.0 mL), Pd/PECIm (2.5 mg),
[b] Isolated yield, [c] 3.0 eq. of NaOH, [d] TOF calculated based on total Pd atoms in Pd/PECIm. n.r.: no reaction.
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Post-reaction catalyst characterization

For the successful reactions reported above, the material's color
changed from pale yellow to grayish, indicative of reduction of
Pd ions with possible formation of Pd nanoparticles (Pd
NPs).5*4 |n fact, the formation of Pd NPs on the recovered
catalyst was evidenced by TEM analysis, where particles of
about 4.1 nm diameter were detected (Figure 2A and 2B). In
addition, the presence of Pd NPs was further confirmed by X-
ray powder diffraction (XRPD) of the recovered catalyst. As
given in Figure 2C, the typical diffraction patterns of metallic Pd
were observed at 40, 45, 66 and 80 ° and the mean diameter
determined using the Rietveld analysis was 3.154+0.10 nm.
X-ray Photoelectron Spectroscopy (XPS) analysis was further
used to confirm the presence of Pd(0) species after the SM
reaction (Figure 3). The pristine pre-catalyst Pd/PECIm displays
two signals centered at 337.9eV and 3433 eV (Figure 3A),
which agree with those observed for Pd(Il).”*°** This result
confirms that, as expected, no reduction takes place during the
binding of the Pd ions to the polymer support. After the SM
reaction, new signals appear at 335.2eV and 340.4 eV (Fig-
ure 3B) which can be attributed to formation of Pd(0).>”
Formation of Pd NPs in situ has been vastly observed in
various catalytic systems where the employed base, solvent or
reactants added can act as the reducing agents.®>***”! Seeking
to identify the reducing agent involved in our reaction system,
a few control experiments were conducted. No color change is

observed when Pd/PECIm is heated solely in the solvent media,
with or without NaOH. Conversely, after phenylboronic acid is
added to this mixture the Pd/PECIm becomes gray in minutes,
indicating the formation of Pd NPs. These observations are in
line with those reported in the literature where phenylboronic
acid was identified as the reducing agent in Pd catalyzed
reactions.*®*”

Catalyst recycling, poisoning tests and base effect

The main advantage of using polymer-bound Pd catalysts is the
ease of recovery and recycling due to the low solubility in the
reaction media. Therefore, recyclability of Pd/PECIm was
evaluated towards the SM reaction between PhBr and phenyl-
boronic acid applying the optimized condition of entry 3,
Table 1, i.e., 0.5 mol% Pd, 60°C, 10 minutes, 250 mmolL™" PhBr.
As shown in Figure 4A, a similar yield (93%) is reached in the
second use, while the yield drops to 70% in the third use. The
reaction time was increased to 20 minutes in the fourth and
fifth uses, however, the yields dropped to 67 and 50%,
respectively, clearly demonstrating that the catalyst is unstable
under these conditions. Seeking to provide a reasoning for the
yield decrease, samples from the first and fifth cycles were
analyzed by TEM, which revealed that, on consecutive recycling,
larger particles were formed (Figure S5). To maintain catalyst
performance, the recycling was repeated at 25°C, while the

A 60. B C — Pd/PECIm before use
| 0 e = 408 £0.61 nm — PA/PECIm after use
7k 3 501 /T . — Rietveld fitting
(-] .’.’ 5 :
s | / \'\ <
& 40+ { =
: c . \ 2
1 Q \ -
. 3 30 / \ 8
o 1 [ i [
[ f’ \ =
w 20 / E
1 J,.-" 1 =5
10+ / \\ — T
21 28 35 42 49 56 63 30 40 50 60 70 80 90

Diameter (nm)

60
20 (degree)

Figure 2. Characterization of recovered Pd/PECIm after the SM between PhBr and phenyl boronic acid using conditions of Table 1, entry 4, conducted at 4-
fold scale. (a) TEM micrograph, (b) particle size histogram of Pd NPs counts and (c) XRPD analysis before and after the SM coupling.
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Figure 3. XPS analysis of Pd/PECIm before (A) and after (B) the SM coupling of PhBr with phenylboronic acid using conditions of entry 3, Table 1. Insets show

the cumulative plot of fitted data.
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0.5 mol % Pd), iPrOH (2.0 mL), H,0 (2.0 mL). (A) 60°C after 10 or 20 minutes. (B) 25 °C after 120 minutes.

reaction time was increased to 120 minutes. Surprisingly, in this
condition, the catalyst performance was even worse and
consecutive yields were 97, 24, 5 and 4 % (Figure 4B).

Seeking to understand the effective nature of the catalysis
involved in these reactions, we turned our attention to the
effect of added of poisons, such as EDTA, CS, and Hg(0).
Therefore, kinetics for biphenyl formation was followed by UV-
Vis analysis in the absence and presence of such poisons. Since
for most substrates the reaction is completed in only
10 minutes at 60°C, for convenience the temperature was
reduced to 25°C and the Pd loading raised to 2.35 mol%. In
addition, the concentration of the cross-coupling partners was
reduced 20-fold to avoid biphenyl precipitation and deposition,
which would negatively impact the acquisition of reliable
kinetic data. The kinetic results in this so-called “dilute
condition” are summarized in Figure 5. It is generally accepted
that EDTA poisons exclusively Pd(ll) species,®® while CS, and
Hg(0) poisons Pd(0).°*? As shown in Figure 5, the addition of
100 eq. of EDTA at 20 minutes completely inhibits the reaction
because it coordinates to Pd(ll), which cannot be reduced to
Pd(0). Interestingly, 0.5 eq. of CS, (in relation to Pd) instantly
halts the reaction, while when 0.25 eq. of CS, is added the
reaction initially stops and after a latency period of 30 minutes
more product is formed. Similarly, a much shorter, but still
observable latency period occurs in the presence of 0.125 eq. of
CS,. These results demonstrate that (i) Pd(0) is the active species
and (ii) between 25% to 50% of the Pd(ll) contained in the
polymer is released to solution and is converted to Pd(0), the

100_:A ;,Am' ofpoison o . -0- 9
4 | 9"
_. 80 ¢
=
oo |
T B0+ .3 9|
= | g %o .
g 404 H Q_;'
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o 204 --@ - Without poisoning
,a-‘ @ - Hg droplet
1 D-ﬂ'- @ - 100 eq. EDTA
odar @-05¢eq CS,
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remaining resting coordinated to it. Additionally, when Hg is
added the inhibition is not instantaneous because it takes time
to Pd(0) be trapped by the relatively large mercury droplets.®

The results reported in Figure 5 indicate that Pd/PECIm acts
a reservoir of Pd(ll), which are converted to the active form
Pd(0). In order to elucidate if the reaction displays a homoge-
neous or heterogeneous mechanism, the reaction was repeated
at 25°C and its contents filtered using a 0.2 um PTFE syringe
filter. Then, the filtrated was recharged with substrates and
base and the biphenyl formation was monitored as before. As
shown in Figure S6, the reaction proceeds after the filtration,
suggesting that Pd/PECIm acts a pre-catalyst in a homogeneous
approach, releasing soluble Pd species into solution. This is
further confirmed by ICP-MS analysis of the mother liquor
which reveals that about 231 ppb Pd is dissolved in the reaction
media after the first reaction cycle.

We then focused on understanding the sigmoidal behavior
for biphenyl formation in the absence of poisons. As can be
seen in Figure 6A, the sigmoidal shape is similar for a variety of
substrates. In principle, this could be attributed to an induction
period where the catalytic species Pd(0) are formed as
suggested for several Pd(ll) pre-catalysts.>>?**** However, a
different explanation is given. Although no protons are
exchanged during the reaction, it is known that the base plays
an important role in the SM reaction and is generally accepted
that "OH ions can accelerate the transmetallation step.F'
However, the base can also lead to less reactive trihydroxybor-
onates. Because during the reactions reported in Figure 6A the

’ 3
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Figure 5. (a) Kinetic profiles for the SM reaction with different poisoning agents. [PhBrl=12.5 mmol L™, [phenylboronic acid]=15.0 mmol L™,
[NaOH] = 25.0 mmol L', Pd/PECIm (1.2 mg, 2.35 mol% Pd), 25°C, iPrOH (2.0 mL), H,0 (2.0 mL). (b) Influence of carbon disulphide. CS,=0.125-0.500 eq. in

relation to Pd. All results are average of two separate runs.
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Figure 6. (a) Kinetic profiles for the SM reaction of different aryl bromides with phenylboronic acid. Reaction conditions: [aryl bromide] =12.5 mmolL™",
[phenylboronic acid]=15.0 mmolL™", [NaOH] = 25.0 mmolL™', Pd/PECIm (1.2 mg, 2.35 mol % Pd), 25°C, iPrOH (2.0 mL), H,0 (2.0 mL). (b) Influence of NaOH in
the formation of biphenyl. Reaction conditions: [PhBr] = 12.5 mmol L™, [phenylboronic acid] = 15.0 mmolL™", [NaOH]=0-50 mmolL™", Pd/PECIm (1.2 mg,
2.35 mol % Pd), 25°C, iPrOH (2.0 mL), H,O (2.0 mL). Data for 4 eq. NaOH (red dots) was truncated at 100 minutes for presentation purposes. The full graph is

given in Figure S7. All results are average of two separate runs.

concentration of “OH varies by 50 %, we suspected that it could
influence the reaction kinetics. Thus, the effect of NaOH
concentration was evalutead. As seen on Figure 6B, no product
was detected in the absence of NaOH, while the initial reaction
rate, calculated at low conversion, follows the order 1>2>
4 eq. of “OH. Interestingly, maximum conversion at 100 minutes
is reached when 2 eq. of NaOH are employed. In addition, the
shape of the curves is also affected by the amount of base
added, being approximately linear at 4 eq. up to 100 minutes
(the full curve is given in Figure S7), sigmoidal at 2 eq. and close
to first order at 1 eq. These results suggest that a large excess
of base is detrimental to the reaction, which is in agreement
with Amatore and co-workers,® probably due to formation of
less reactive trihydroxyboronate. In summary, the sigmoidal
behavior exhibited for biphenyl formation can also be explained
by the rate acceleration caused by the decrease in ~OH
concentration as the reaction advances.

Serendipitously we found that the catalyst recovered after
the kinetic experiments maintains its catalytic activity at 25°C
(Figure 7A). Notably, the amount of Pd released falls on
recycling: 231, 19 and 52 ppb were detected in solution after
the first, third and fifth cycle, respectively. Moreover, the
recycling was also carried out at 60°C using the more “dilute”

condition, and the catalyst performance is maintained after 12
uses, and an average yield of about 90% (Figure 7B) was
obtained after 7 min. These results are in striking difference
with the recycling experiments using the more concentrated
condition of Figure 4 indicating that the pre-catalyst fate during
the reaction depends on substrate concentration.

TEM analysis of the post reaction catalyst suggests that Pd
NPs are being formed, whose sizes increase after successive
recycles (see Figure S8). Although the formation of Pd(0) NPs is
commonly reported in the Pd catalyzed cross-coupling reac-
tions, this is not supported by XRPD analysis because the
amount of Pd(0) aggregates is not enough to generate the
typical diffraction patterns of metallic Pd (see Figure S9). In
addition, the XPS high-resolution spectra of the Pd 3d,
displayed in Figure 8, presented a combination of Pd(ll) and
Pd(0) after the first use of the catalyst, in an atomic
concentration of 84.8% of Pd(ll) for the diluted catalyst and
39.9% for the concentrated condition, the Pd(0) observed after
the use of the catalyst agree with the reductive process that
occurs during the SM reaction. After the fifth use, the atomic
concentration of Pd(ll) is 72.2% and 69.8% for the diluted and
concentrated condition respectively. The decrease in Pd(0)
contribution might be associated with the increase of these
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Figure 7. Recycling experiments of Pd/PECIm for biphenyl formation. Reaction conditions: [PhBr]= 12.5 mmol L™, [phenylboronic acid] = 15.0 mmolL™",
[NaOH] =25.0 mmolL™", Pd/PECIm (1.2 mg, 2.35 mol % Pd), iPrOH (2.0 mL), H,0 (2.0 mL). A) Kinetics of biphenyl formation at 25°C; B) biphenyl yield
determined by UV-Vis after 7 minutes at 60 °C. All results are average of two separate runs.
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Figure 8. XPS analysis of the recovered catalyst after the first and fifth use at the

particles size, resulting in a reduction of the surface area
available for XPS analysis, resulting in an apparent increase of
the Pd(ll) portion. Therefore, akin to Latocheski et al.'® who
reported the formation of Pdl, nanoparticles, the particles
shown in Figure S8 are mainly composed of Pd(ll) ions.

Our results are in agreement with the current view that
chemical reduction of Pd(ll) into Pd(0) on the surface of the pre-
catalyst diminishes its performance.”” In fact, when fresh Pd/
PECIm was reduced with NaBH, it becomes inactive (results not
shown), indicating that keeping a large Pd(Il)/Pd(0) ratio is of
paramount importance for catalyst performance. In line with
our findings, Li and Zeng™' reported that minimization of
metallic palladium formation and aggregation is important to
maintain catalyst activity in the Suzuky-Miyaura cross-coupling.
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diluted (A and B) and concentrated (C and D) conditions.

These authors report that the oxygen gas present in the solvent
could be responsible for the oxidation of Pd(0) back to Pd(ll),
avoiding catalyst deactivation. As indicated in Figure 9A, this
appears to be also the case in the present work because the
reaction is slower when performed under argon, the effect
being more pronounced in the second cycle, evidencing the
role of oxygen in the oxidation of Pd(0) to Pd(ll), as observed
also by others.53®” The positive O, effect is also in agreement
with the release of Pd(ll) from amorphous PdO present on the
particle surface as pointed elsewhere for several different Pd
catalysts.*®

The benefit of the PECIm polymeric ligand for maintaining
Pd longevity can be seen by comparing Figure 9B and Fig-
ure 7A. As can be seen in Figure 9B, although the kinetics is
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Figure 9. A) Influence of oxygen in the SM coupling. Closed and open symbols correspond to first use and recycle, respectively. Results for optimized reaction
under air was plotted for comparative purposes. All reactions were performed in duplicate. B) Performance of K,PdCl, after recovery and reuse. Reaction

conditions: [PhBr]=12.5 mmolL™", [phenylboronic acid] = 15.0 mmol L™, [NaOH] =

(2.0 mL).
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Table 3. Comparison of the catalyst preparation and activity of Pd(Il) containing polymers in the SM coupling between PhBr and phenylboronic acid.
Stabilizer Number of steps for stabilizer preparation/additional Reaction details TOF Reference

reactants and solvents
PEMA modified with API 1/Acetone 60°C, 0.16 h, 0.5 mol % Pd, 1080  This work
NaOH, iPrOH/H,0O 386
60°C, 0.11 h, 2.35 mol % Pd,
NaOH, iPrOH/H,0
1-vinylimidazole:N-isopropylacryl- several/ammonium persulfate, TEMED, inert atmos- 100°C. 2 h, 0,004 mol% Pd, 12500 Yamada
amine phere TBAF K,CO,, H,0 20125
2,2"-Dipyridyl-Based Hypercrosslinked 4 steps/FeCl,, dichloroethane, formaldehyde dimethyl 80°C, 1 h,0.23 mol% Pd, EtOH 413 Xu 20207
polymer acetal, AICl;, CH;OH, DMF
Phenanthroline-based microporous Several/AICl;, CHCl;, acetone 80°C, 0.5 h, 0.6 mol% Pd, EtOH/ 330 Wang
organic polymer H,0 201973
Poly(N-vinylimidazole-co-N-vinylcapro-  Several/EtOH, diethylether, AIBN 80°C, 4 h, 1.0 mol% Pd, 1:1 28 Selivanova
lactam) EtOH/H,0 201472
Modified poly(styrene-co-maleimide) 3 steps/DMF, Et;N, acetic anhydride Reflux, 2 h, 1.8 mol% Pd, H,0 26 Soltani
2020[69]
Modified poly(styrene-co-maleimide) 3 steps/DMF, Et;N, acetic anhydride Reflux, 3 h, 1.8 mol% Pd, H,0 18 Heravi
2014[70]
2,6-bis(benzimidazolyl)pyridine modi- 1/Ethyl acetate 50°C, 5 h, 2.7 mol% Pd, K,CO;, 7 Renuka
fied Merrifield resin THF 2018

leaching

Ph—-Br + Ph—B(OH),

Ph—Ph

Scheme 2. Proposed mechanism for Pd/PECIm in SM reaction.

more rapid with K,PdCl, than with Pd/PECIm, on recycling a
continuously drop in biphenyl yield is observed which is related
to formation of Pd black as detected by the naked eye, which
was not the case for Pd/PECIm (Figure S10). These results
confirm the fundamental role of PECIm to stabilize Pd species,
preventing the disorderly growth of Pd black, maintaining the
activity of the metal for additional uses.

For comparison purposes, in Table 3 the TOF for the SM
coupling between PhBr and phenylboronic acid catalyzed by
other Pd(Il)/Pd(0) catalysts based on modified polymers are
given. As most reactions reported are conducted at different
temperature, usually above 80°C, the comparison is not
straightforward. Nonetheless, Pd/PECIm outperforms most
examples. Additionally, in most examples the material's prepa-
ration involves several steps and different solvents and
reactants are employed, which is not the case for Pd/PECIm.

Scheme 2 depicts the proposed mechanism involved in the
SM reaction using Pd/PECIm. Initially, leached Pd(ll) are reduced
by phenylboronate, entering the catalytic path as Pd(0). After
reductive elimination, Pd(0) can (i) enter a new catalytic cycle,
(i) agglomerate as inactive Pd NPs, (iii) be trapped by PECIm or
(iv) be oxidized by molecular oxygen followed by coordination
to PECIm. If the agglomeration rate is higher than the rate of
oxidation/binding to PECIm, catalyst activity is decreased. This
explains why catalyst recyclability is sensitive to the concen-

ChemCatChem 2022, 14, €202101596 (8 of 10)

e

coordination

Pd NPs

tration of reactants rather to temperature: in the more
concentrated condition, the concentration of Pd(0) is high,
favoring formation of less reactiveaggregates. On the other
hand, at the denoted “dilute condition”, the concentration of
Pd(0) is kept low, which translates into excellent catalyst
recyclability because large particles are not formed.

Conclusions

Herein we described a green and straightforward protocol for
the preparation of a novel Pd-based polymeric pre-catalyst Pd/
PECIm. The material was efficient for the SM reaction of a
variety of arylbromides and iodides in iPrOH/H,O mixture,
displaying good to excellent yields in short reaction times at
60°C. Poisoning experiments are consistent with the homoge-
neous pathway, with the material acting as a Pd(ll) source,
which is reduced to Pd(0) in solution, entering the SM reaction
cycle. The amount of metal released to solution falls in the ppb
range, allowing the recovery and reuse of the catalyst with only
marginal leaching. Importantly, we demonstrate that catalyst
longevity is sensitive to the concentration of reactants. In the
more concentrated condition, formation of inactive Pd(0)
particles was observed, leading to poor recyclability. On the
other hand, at the denoted “dilute condition”, such particles
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were not observable, the amount of Pd(0) on the recovered
catalyst is kept low and the catalyst can be reused several times.
These findings open new strategies to prevent catalyst
deactivation during palladium catalyzed reactions involving
monomeric species.

Experimental Section

Reagents and Materials: All solvents, aryl halides, boronic acids,
inorganic salts and bases were obtained from Sigma-Aldrich with
98% purity or better and were used as received. The polymeric
precursor PEMA (Sigma-Aldrich, lot #MKCC4605) has an average
Mw 100,000-500,000.

Synthesis of PECIm: PECIm was synthesized according to procedure
described by Leopoldino and coworkers.**

Preparation of Pd/PECIm: In a 100 mL volumetric flask, an 0.2 molL™’
aqueous solution of PECIm (502.34 mg; MM, onomer =251.17 gmol ™)
was prepared. The resulting solution was magnetically stirred until
complete solubilization of the polymer. To this solution, 100 mL of
an aqueous solution containing 326 mg of K,PdCl, was added
dropwise with the aid of an addition funnel. Promptly after the
addition of a few drops, formation of small pale-yellow precipitates
was observed, indicating the formation of the polymer complex.
After the complete addition of K,PdCl, to the system, it was left
stirring overnight. The resulting precipitate was filtered, washed
with deionized water (4x 100 mL), acetone (2x100 mL) and dried
in a vacuum oven at 60°C for 6 hours. The pale yellow amorphous
solid (575 mg) was obtained in about 70% yield with respect to
Pd(ll) from the starting salt, and has 11.3 wt% Pd as determined by
FAAS analysis.

General procedure for Suzuki-Miyaura reaction: In an 8 mL screw cap
glass tube was added phenyboronic acid (0.6 mmol), 1.0 ml NaOH
1.0 molL™" stock solution (1.0 mmol) and /PrOH (1.0 mL). The
mixture was magnetically stirred until the phenyboronic acid was
solubilized. Then, aryl halide (0.5 mmol) was added and the reaction
mixture was stirred for 1 minute. Finally, Pd/PECIm (2.5 mg,
0.52 mol% Pd) was added. The tube was closed and placed in an
oil bath at 60°C with strong magnetic stirring. After the desired
time, the reaction contents were extracted with EtOAc (4x1 mL) and
the organic layer washed with brine (2x1 mL) and H,0 (2x1 mL).
After phase separation, which could be accelerated by centrifuga-
tion, the organic phase was dried with sodium sulfate, filtered and
the solvent was eliminated under vacuum. The obtained solid/oil
was analyzed by 'H NMR, allowing the determination of the
reaction yield.

Kinetic experiments in Suzuki-Miyaura reaction: In a 5 mL glass flask
with screw Teflon cap was added phenylboronic acid (0.06 mmol),
PhBr (0.05mmol), NaOH 1.0molL™" stock solution (0.1 mL,
0.1 mmol), H,O (1.9 mL) and iPrOH (4 mL). Under strong magnetic
stirring the reaction was started by the addition of Pd/PECIm
(2.35 mol% Pd). The reaction progress was monitored by UV-Vis
following biphenyl formation (A,.,=250 nm). Aliquots were col-
lected at selected intervals, centrifuged, and diluted in a 3 mL
quartz cuvette containing iPrOH. Poisoning studies were conducted
following a similar procedure, the difference being the addition of
the selected poison after 20 minutes.

Recycling tests for Suzuki-Miyaura reaction: The reaction was
performed in a 5-fold scale. After the reaction was completed, the
catalyst was separated by centrifugation at 2000 rpm for 5 minutes,
followed by washing with iPrOH (2x 15 mL) and H,O (15 mL). The
material was then either used in another catalytic run or separated
for further characterization (XPS, TEM and XRPD).
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ing Information.
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1. Instrumentation

2. Complementary Data

Table S1. Elemental analysis of Pd/PECIm.

Figure S1. Pictures of the preparation of Pd/PECIm. The picture on the left is before mixing PECIm (in the
Erlenmeyer flask) and K2PdCla (in the addition funnel) solutions. Other pictures show the appearance of the
polymer solution after addition of K2PdCla.

Figure S2. FTIR spectra of PECIm and Pd/PECIm.

Figure S3. TGA analysis of PECIm and Pd/PECIm.

Figure S4. XPS spectra of the (a) C 1s, (b) O 1s and (c) N 1s cores. Top and bottom graphs are from
PECIm an Pd/PECIm, respectively.

Figure S5. TEM micrographs of the recovered catalyst from the recycling experiments at 60 °C after five
cycles.

Figure S6. Biphenyl yield using the fresh catalyst (black line) and the filtered solution from the first reaction
(red line).

Figure S7. Effect of NaOH concentration on the kinetics of biphenyl formation at 4 eq. of NaOH. The kinetic
profile for 2 eq. NaOH is given for comparison purposes.

Figure S8. TEM micrographs and particle counts of the recovered catalyst from the recycling experiments
at 25 °C.

Figure S9. XRPD patterns of Pd/PECIm recovered from the reactions conducted in the diluted conditions.

Figure S10. Appearance of the reaction mixtures before the first cycle and after the fifth reaction cycle
using K2PdCls and Pd/PECIm.

Figure S11. 'H NMR (200 MHz, CDCIs) of Biphenyl.
Figure S12. 'H NMR (200 MHz, CDCIs) of 4-Cyanobiphenyl.
Figure S13. 'H NMR (200 MHz, CDCIs) of 4-Nitrobiphenyl.

Figure S14. 'H NMR (200 MHz, CDClz) of 4-Acetylbiphenyl.
Figure S15. 'H NMR (200 MHz, CDCIs) of 4-Hydroxylbiphenyl.

Figure S16. 'H NMR (200 MHz, CDCIls) of 2-Methylbiphenyl.

Figure S17. 'H NMR (200 MHz, CDCIls) of 4-Methoxybiphenyl.

Figure S18. *H NMR (200 MHz, CDCIs) of 4-(Dimethylamino)biphenyl.
Figure S19. *H NMR (200 MHz, CDCls) of 2-Methoxybiphenyl

Figure S20. Pictures of the reaction system used in the kinetic experiments.

Figure S21. UV-Vis spectra and calibration curves of 4-Cyanobiphenyl, 4-Acetylbiphenyl Biphenyl and 2-
Methylbiphenyl.
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1. Instrumentation

IH NMR spectra were obtained in a spectrometer Bruker 200 (200 MHz) using trimethylsilane as internal
standard. During the initial optimization, GC/MS (model Agilent 7820A coupled to a mass spectrometer 5975 with a
column HP-5MS) was used for biphenyl quantification. UV-Vis apparatus (model Varian Cary 50) was used for kinetic
analysis in SM. FTIR analysis were obtained from ABB model FTLA 2000. TEM analysis was performed by a JEOL
JEM 1011 TEM instrument at 100 keV. The samples were dispersed in water and deposited on a carbon-coated
copper grid. For particle counts the freeware ImageJ software was used, with a 250 particle counts for statistic
determination of the mean diameter. X-ray photoelectron spectroscopy (XPS) analyses were performed using a
conventional XPS spectrometer (ScientaOmicron ESCA+) with a high-performance hemispheric analyzer (EAC2000)
with monochromatic Al-Ka (hv = 1486.6 eV) radiation as the excitation source. The as prepared catalysts were
deposited on a carbon tape and loaded to the XPS equipment. The base vacuum was 10-° torr. The XPS high-
resolution spectra were recorded at a constant pass energy of 30 eV with an energy step of 0.05 eV. The fitting of the
XPS components was performed using a Gaussian/Lorentzian function, and binding energy was referred to the C 1s
level of adventitious carbon (284.6 eV). XRPD was performed in a PanAnalytical Xpert multipurpose diffractometer (in
the Bragg-Brentano geometry, theta-theta mode) using a Cu Ka source (A = 0.15418 nm), 0.04 rad soller slits, 1/20
fixed divergent and 1o antiscattering slits, diffracted beam flat graphite monochromator and a fast solid-state detector
(Xcelerator). Generator settings were 45 kV, 40 mA. The XRPD patterns were recorded in the 26 range from 30 to
135°, with a step size of 0.1504°, a counting time of 1440.180 s per step, and 10 scans, totalizing about 22 hours for
each data collection. TOPAS v5 softwarel was used for Rietveld analysis, starting from 41517-ICSD crystallographic
information file (CIF) and applying the fundamental parameters approachl® to model the peaks profile including the
instrumental contributions and the sample’s microstructural properties of the Pd cubic phase. The parameters refined
were the background (6th order Chebyshev polynomial), the sample displacement, and, for the Pd phase, the scale
factor, lattice parameters, atomic displacement parameter, volume weighted Lorentzian crystallite size and the
Gaussian microstrain. For the determination of leached Pd, an inductively coupled plasma mass spectrometer (ICP-
MS), model Elan 6000 (Perkin Elmer-Sciex) was used. The following operating conditions were used: Radio frequency
generator power of 1100 W, nebulizing gas flow with a flow rate of 1.10 L min-1. The calibration curve was prepared
from a monoelemental standard in 1% HCI. Calibration curve points were constructed from analytical Pd standard: O,
1,5, 15, 30, 50, 80, 100 and 150 ug L. At all points, Rh was added as an internal standard, with a concentration of 5
pug LT and m/z = 103. The Pd isotope with m/z = 105 was used for monitoring during the analyses. The prepared

samples were diluted 10-fold in ultrapure water and 1% HCIl and Rh 5 ug L* were added.
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2. Complementary data

Table S1. Elemental analysis (%) of Pd/PECIm.

41.36 5.29 9.86 32.09

2899 — 0.235 mmol g1

Imidazole loading based on nitrogen found: Tagxi s

1229 — 0.106 mmol gt

1,
106

Palladium loading based FAAS:

Figure S1. Pictures of the preparation of Pd/PECIm. The picture on the left is before the addition of the KoPdCls on
PECIm aqueous solution (t=0). Remaining pictures show the appearance of the Pd/PECIm dispersion formed after
addition of K2PdCla.
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Figure S2. FTIR spectra of PECIm and Pd/PECIm. IR KBr (cm): 1712 (C=0, carboxylic group), 1649 (amide I, C=0
axial deformation), 1544 (amide Il, NH angular deformation), 662 (out-of-plane aromatic ring deformation), 628 (out-of-
plane aromatic ring deformation).i34!

PECIm
Pd/PECIm

Transmitance / AU

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™

Figure S3. TGA analysis of PECIm and Pd/PECIm.
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Figure S4. XPS spectra of the (a) C 1s, (b) O 1s and (c) N 1s cores. Top and bottom graphs are from PECIm an
Pd/PECIm, respectively.

C1s

Intensity / AU
Intensity / AU
Intensity / AU

292 200 288 286 284 282 538 536 534 532 530 528 406 404 402 400 398 396 394
Binding energy / eV Binding energy / eV Binding energy / eV

Figure S5. TEM analysis from recycling experiments at 60 °C after five cycles. Reaction conditions: [PhBr] = 250.0
mM, [phenylboronic acid] = 300.0 mM, [NaOH] = 500.0 mM, Pd/PECIm (2.5 mg, 0.5 mol% Pd), iPrOH (2.0 mL), H20
(2.0 mL).

& nm & nm
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Figure S6. Kinetics of biphenyl formation using the fresh catalyst (black line) and the filtrated solution (red line).
Reaction conditions: [PhBr] = 12.5 mM, [phenylboronic acid] = 15.0 mM, [NaOH] = 25.0 mM, Pd/PECIm (1.2 mg, 2.35

mol% Pd), 25 °C iPrOH (2.0 mL), H20 (2.0 mL).
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Figure S7. Effect of NaOH concentration on the kinetics of biphenyl formation. The sigmoidal curve is not observed
for 4 eq. NaOH. The kinetic profile for 2 eq. NaOH is given for comparison purposes. Reaction conditions: [PhBr] =
12.5 mM, [phenylboronic acid] = 15.0 mM, [NaOH] = 25-50 mM, Pd/PECIm (1.2 mg, 2.35 mol% Pd), 25 °C iPrOH (2.0

mL), H20 (2.0 mL).
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Figure S8. TEM micrographs (left) and particle counts (right) from kinetic experiments in Suzuki-Miyaura reaction at
25 °C, where: (a) first cycle, (b) third cycle and (c) fifth cycle. Histograms obtained with approximately 250 particle
counts. Reaction conditions: [PhBr] = 62.5 mM, [phenylboronic acid] = 75.0 mM, [NaOH] = 125.0 mM, iPrOH (10 mL),
H20 (10 mL), Pd/PECIm (6.0 mg, 2.35 mol% Pd), 25 °C, 100 minutes each catalytic cycle.
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Figure S9. XRPD patterns of Pd/PECIm recovered from the reactions conducted in the diluted conditions. Reaction

conditions: [PhBr] = 50.0 mM, [phenylboronic acid] = 60.0 mM, [NaOH] = 100.0 mM, Pd/PECIm (1.2 mg, 2.35 mol%
Pd), iPrOH (10 mL), H20 (10 mL).
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Figure S10. Appearance of the reaction mixtures before the first cycle and after the fifth reaction cycle using (A)
Kz2PdCls and (B) Pd/PECIm. Reaction conditions: [PhBr] = 12.5 mM, [phenylboronic acid] = 15.0 mM, [NaOH] = 25.0
mM, Pd/PECIm (1.2 mg, 2.35 mol%), K2PdCls (2.35 mol%) 25 °C.
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Figure S11. 'H NMR (200 MHz, CDCls) of Biphenyl. & 7.59 (d, J = 6.9 Hz, 4H), 7.44 (t, J = 7.2 Hz, 4H), 7.38-7.27 (m,

2H).
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Figure S12. 'H NMR (200 MHz, CDCIs) of 4-Cyanobiphenyl. 6 7.80-7.65 (m, 4H), 7.59 (d, J = 6.5 Hz, 2H), 7.47 (q, J

= 5.8 Hz, 3H).
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Figure S13. IH NMR (200 MHz, CDCls) of 4-Nitrobiphenyl. & 8.30 (d, J = 8.8 Hz, 2H), 7.72 (d, J = 8.8 Hz, 2H), 7.68—
7.58 (d, J = 7.7 Hz, 2H), 7.56 — 7.41 (m, 3H).
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Figure S14. 1H NMR (200 MHz, CDCIs) of 4-Acetylbiphenyl. & 8.08 — 8.03 (d, J = 8.6 Hz, 2H), 7.67-7.63 (d, J = 8.2
Hz, 2H), 7.53 — 7.46 (d, J = 8.2 Hz, 2H), 7.43 (m, 3H), 2.70 — 2.62 (s, 3H).
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Figure S15. 'H NMR (200 MHz, CDClIs) of 4-Hydroxybiphenyl. & 7.61 — 7.49 (m, 3H), 7.44 (d, J = 9.1 Hz, 3H), 7.38 —

7.26 (m, 1H), 6.90 (d, J = 8.6 Hz, 2H), 4.89 (s, 1H).
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Figure S16. 'H NMR (200 MHz, CDCls) of 2-Methylbiphenyl. & 7.53 (dd, J = 8.1, 1.6 Hz, 2H), 7.45 — 7.36 (m, 2H),
7.35—7.25 (m, 3H), 7.09 =7.00 (m, 1H), 7.00 — 6.94 (m, 1H), 3.92 — 3.68 (s, 3H).
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Figure S17. 'H NMR (200 MHz, CDCls) of 4-Metoxybiphenyl. & 7.67 — 7.48 (m, 4H), 7.41 (t, J = 7.2 Hz, 2H), 7.35 —
7.25 (m, 1H), 7.03 = 6.92 (m, 2H), 3.95 — 3.74 (s, 3H).
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Figure S18. *H NMR (200 MHz, CDCls) of 4-(Dimethylamino)biphenyl. & 7.64 — 7.46 (m, 4H), 7.45 — 7.32 (m, 2H),
7.25 (dt, J = 6.3, 3.1 Hz, 1H), 6.89 — 6.74 (m, 2H), 2.99 (s, 6H).
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Figure S19. 'H NMR (200 MHz, CDCls) of 2-Methoxybiphenyl. & 7.53 (dd, J = 8.1, 1.6 Hz, 2H), 7.45 — 7.36 (m, 2H),
7.35 - 7.26 (m, 3H), 7.09 -7.01 (m, 1H), 7.00 — 6.94 (m, 1H), 3.94 — 3.65 (s, 3H).
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Figure S20. Pictures of the reaction system used in the kinetic experiments. The yellowish solution is from the
dispersion of Pd/PECIm in the reaction media.
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Figure S21. UV-Vis spectra (left) and calibration curves (right) of 4-Cyanobiphenyl, 4-Acetylbiphenyl Biphenyl and 2-
Methylbiphenyl.
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TERMO DE COMPROMISSO DE BOLSA FAPESC

A ser preenchido pela Fapesc
PROCESSO FAPESC N°: 1164/2023

O Programa de BOLSAS Fapesc objetiva:

a) A formacdo de profissionais para a Pesquisa Cientifica, Tecnologica e Inovagao em
universidades, institutos de pesquisa e desenvolvimento, centros tecnologicos, centros de
formacao profissional e empresas de base tecnologica, em todas as areas do
conhecimento, tanto no Brasil quanto no exterior, com o intuito de incentivar e promover o
desenvolvimento, em areas estratégicas, do Estado de Santa Catarina;

b) A formacdo, capacitagdo e aperfeicoamento de recursos humanos de alto nivel em
Instituicbes de Ciéncia, Tecnologia e Inovacéo, ICTIl, empresas e governos, para a

realizacao de projetos de PDI e a gestao de projetos de PDI.

1 DEFINIGOES

a) Bolsista: Pessoa fisica aprovada na Chamada Publica n® 03/2023, qualificada conforme
item 2 do presente Termo, para executar o objeto do presente Termo, conforme
atribuicées previstas no item 6 do presente Termo

b) Coordenador do Bolsista: Profissional indicado pela UDESC para coordenar a
execucdo do objeto do presente Termo, conforme atribuicbes previstas no item 7 do
presente Termo.

c) Supervisor/Supervisor do Bolsista: Profissional indicado pela UDESC, diretamente
responsavel pelo bolsista, que acompanhara as atividades desempenhadas pelo mesmo.

d) Fapesc: Entidade publica com personalidade juridica de direito privado, inscrita no CNPJ
sob 0 n° 01.682.869/0001- 26, com sede no Parque Tecnolégico ALFA — Rodovia José
Carlos Daux, 600 (SC 401), Km 01, Moédulo 12A, Prédio CELTA/Fapesc, 5° andar, Bairro
Jodo Paulo, Florianopolis, Santa Catarina, CEP 88030-902, doravante denominada

simplesmente Fapesc.

2 DO BOLSISTA

Nome: Elvis Naoto Nishida Correia

Estado Civil: Solteiro Nacionalidade: Brasileiro ’(u
!I
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Prédio CELTA/FAPESC - 5° Andar - Bairro Jodo Paulo - CEP 88030-902 - Florianépolis/SC - Brasil fapesci@fapesc.sc.govbr
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CPF: 055.507.619-98

Raca: Amarelo

RG: 065.507.619-98

Orgao Emissor: SSP/SC

Data de Expedicao: 23/02/23 UF: SC
Profissao: Estudante
Data de Nascimento: 29/01/1992 Sexo: Masculino

Nome do Pai: Claudio Marcelo Correia

Nome da Mae: Claudia Naomi Nishida Correia

Endereco Residencial (logradouro, n® e complemento): R. Ten. Anténio Jodo, 1047

Bairro: Bom Retiro

Cidade: Joinville

CEP: 89222-140

Telefone: -

Celular: (48) 99814-4774

E-mail:

nishida.gmc@gmail.com

Tempo de Residéncia no Estado de SC: 31 anos

Estado e Municipio de Nascimento: Santa Catarina / Florianépolis

N° Titulo Eleitoral: 0541 4982 0973

Zona: 003

Secédo; 0030

UF: SC

Data de emissao Titulo: 08/02/2022

Municipio: Blumenau

Banco do Brasil — Agéncia: 0016-7

Conta: 58101-1

3 DO COORDENADOR/SUPERVISOR DO BOLSISTA

Nome: Karine Priscila Naidek

CPF: 061.792.889-41

RG: 9.685.776-4

Orgao Exp.: SSP/ PR

Data Exp.: 03/10/2002

Nacionalidade: Brasileira

Estado civil:

Solteira

Profissao: Professor

Universitario

Telefone: 47 38417649

Celular: 47 991573746

Endereco Comercial (logradouro, n® e complemento): Rua Paulo Malschitzki, 200

Bairro: Zona Industrial Norte

CEP: 89.219-710

Cidade: Joinville

Endereco Residencial (logradouro, n° e complemento): Rua Joéo Pessoa, 694 apto 404

Bairro: Saguagu

CEP: 89.204-440

Cidade: Joinville

Email: karine.naidek@udesc.br

Nome da Entidade de vinculo: Fundagao Universidade do Estado de Santa Catarina - UDESC

Nome do Supervisor do Bolsista: Karine Priscila Naidek

M
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4 DO OBJETO

4.1 O presente Termo de Compromisso de Bolsa Fapesc visa a transferéncia de recursos
financeiros, em modalidade de bolsa, para a execucdo do Programa de Fomento a Pesquisa e
Inovacdo em Areas Estratégicas para atender a demanda da sociedade catarinense pela
Universidade do Estado de Santa Catarina - UDESC, aprovado no Edital de Chamada
Piblica Fapesc n° 03/2023, em conformidade com o Plano de Trabalho, parte integrante do

presente instrumento, nos termos da resolucéo 01/2022 - Politica de Bolsas Fapesc.

5 IDENTIFICACI‘XO DO PROCESSO
Modalidade da Bolsa: SET-E

Valor da Bolsa: R$ 4.200,00 Duracéo da Bolsa (meses): 12

Data Inicio da Bolsa: 01/08/2023 Data Fim da Bolsa: 31/07/2024

6 DAS ATRIBUICOES E RESPONSABILIDADES DO BOLSISTA

a) Cabera ao bolsista dedicar-se exclusivamente as atividades objeto dessa Chamada
Publica em carga horaria de 30 (trinta) horas/semanais, conforme horario administrativo
da UDESC;

b) Dedicar-se integralmente as atividades de pesquisa, desenvolvimento e inovagdo na
UDESC em ritmo compativel com as atividades exigidas pelo Programa;

c) Manter bom desempenho a ser atestado pelo coordenador do projeto e/ou supervisor do
bolsista durante todo o periodo de bolsa;

d) Indicar conta de sua titularidade, no Banco do Brasil, para o recebimento mensal e
sucessivo da bolsa;

e) Nao acumular bolsas provenientes de agéncias publicas de fomento;

f) Informar a Fapesc a existéncia de acumulo de vinculo, para que seja analisado
considerando a Resolugdo Conselho Superior Fapesc n® 01/2022 (Politica de Bolsas
Fapesc) e Resolugdo Conselho Superior Fapesc n® 02/2022 (Altera a Resolugéo n°® 01,
de 16 de marco de 2022).

dg) Enviar a Fapesc, semestralmente e em prazos a serem estipulados, relatérios parciais do
andamento do estudo/projeto, com parecer do coordenador do projeto e/ou supervisor do
bolsista;

h) Apresentar, ao final da vigéncia deste Termo de Compromisso, um relatério conjunto pelo
bolsista, pelo coordenador do projeto e/ou supervisor do bolsista, com resultado sucinto,

em meio eletrénico, para ser divulgado no site da Fapesc;
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i) Submeter a apreciacdo da Fapesc qualquer proposta de mudanga no projeto, durante a
vigéncia da bolsa;

J) Fazer mencado expressa a Fapesc em qualquer agdo promocional ou publicacéo de
trabalhos relacionados com o objetivo do presente Termo;

k) Como contrapartida aos recursos recebidos, os bolsistas beneficiados por esta Chamada
Publica poderao ser solicitados, a qualquer momento, para atuar como monitores ou para
participar de grupo de trabalho em eventos cientificos realizados pela Fapesc, bem como,
para ministrar palestra, no decorrer ou ao final do periodo da bolsa, com o intuito de
apresentar os trabalhos desenvolvidos durante a execugéo do programa;

I) Como contrapartida aos recursos recebidos, os bolsistas beneficiados por esta Chamada
Publica fardo parte do cadastro de consultores ad hoc da Fapesc, e, a qualquer
momento, poderdo ser selecionados para avaliacbes de projetos em outras Chamadas
Publicas, sem custos para a Fapesc;

m) Comunicar a Fapesc, até o més seguinte, o ceite ou publicagéo de artigos relacionados
as atividades desenvolvidas enquanto bolsista do Termo vigente, e;

n) Devolver a Fapesc, em valores atualizados, mensalidade(s) recebida(s) indevidamente,

caso 0s requisitos e compromissos estabelecidos acima ndo sejam cumpridos.

7 DAS ATRIBUIGOES E RESPONSABILIDADES DO COORDENADOR/SUPERVISOR

a) Cabera ao Coordenador e ao Supervisor do bolsista apresentar relatério parcial das
atividades desenvolvidas semestralmente e quando solicitado. Ao encerramento do
presente Termo, apresentar relatério final desta Chamada Publica;

b) Submeter a prestagdo de contas técnica, apresentando o relatério semestral de
aproveitamento e quando solicitado;

c) Submeter a apreciacao da Fapesc qualquer proposta de alteragéo no projeto;

d) Fazer, obrigatoriamente, mencéo expressa a Fapesc em qualquer agdo promocional ou
publicacao de trabalhos relacionados com o objeto do presente Termo;

e) Assinar junto com o bolsista, quando for o caso, o relatério semestral de atividades para
ser enviado a Fapesc, onde constardo as atividades desenvolvidas e o aproveitamento
alcancado;

f) As solicitacbes de desvinculagcdo de bolsista devem ser encaminhadas até o dia 10 do
meés. Apoés esta data, a desvinculagéo sera realizada somente no més seguinte;

g) Apresentar relatério com os resultados do programalprojeto, a Fapesc ou em eventos,
quando solicitado, e;

h) Comunicar a Fapesc, até o més seguinte, o aceite ou publicacéo de artigos relacionados i

4
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as atividades desenvolvidas pelos bolsistas no ambito do projeto, objeto do Termo

vigente.

8 DAS ATRIBUICOES E RESPONSABILIDADES DA ENTIDADE

a) Cabera a Entidade, por meio de seu representante legal, colaborar na execugado das
atividades e disponibilizar infraestrutura e condigées necessaris, salubres e adequadas a
realizagéo do objeto deste instrumento, sendo responsavel solidaria pelo cumprimento de
todas as obrigagdes assumidas pelo bolsista, conforme Plano de Trabalho;

b) Fiscalizar a atuagéo dos bolsistas, garantindo o exercicio da atuagéo limitada
exclusivamente, ao apoio do Programa Programa de Fomento a Pesquisa e Inovagéo em
Areas Estratégicas para atender a demanda da sociedade catarinense pela Universidade
do Estado de Santa Catarina - UDESC, dentre as atribuigoes legais definidas pelo artigo
8° da Lei Complementar n® 741/2019, ndo permitindo que atividades sejam desvirtuadas
para outras areas ou fungdes dentro dos érgédos ou entidades estaduais a que forem
designados, €;

c) Garantir a seguranca sanitaria dos bolsistas por meio da observacdo das restrices
impostas pela pandemia de COVID 19 dispostas nos decretos e demais normativas

municipais e estaduais vigentes a época da execucao do projeto.

9 DAS ATRIBUIGOES DA FAPESC
a) Cabera a Fapesc realizar o cadastramento do bolsista no Sistema de Gestdo de
Recursos Humanos (SIGRH/SC) e a realizar o pagamento das bolsas durante o periodo
de vigéncia do presente Termo;
b) Avaliar qualquer proposta de mudanga no projeto e/ou vinculacéo de bolsista, durante a
vigéncia do projeto;
c) Solicitar, receber e avaliar os relatérios técnicos dos bolsistas, e;

d) Zelar pelo cumprimento das condi¢es estabelecidas no presente Termo.

10 DA DIVULGAGAO CIENTIFICA E COMUNICAGAO SOCIAL

10.1 Quaisquer divulgac6es e publicacbes, cientificas ou nao, presentes ou futuras, sob qualquer
forma de comunicacdo ou por qualquer veiculo ou midia, resultantes das atividades apoiadas
pela presente Chamada Publica deverado, obrigatoriamente, mencionar em destaque o apoio da
Fundacao de Amparo a Pesquisa e Inovacio do Estado de Santas Catarina — Fapesc, com a
incluséo da logo da Fapesc, sempre que possivel.

A
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10.1.1 Tal obrigacéo deve ser cumprida pelo proponente/beneficiario, bolsista, equipe de trabalho
e Instituicao Proponente/interveniente.

10.2 O uso da logomarca da Fapesc deve seguir as orientacées contidas no Manual da Marca
Fapesc, disponivel no site www.fapesc.sc.gov.br.

10.3 Todo conteudo proveniente das acbes e resultados dos projetos selecionados nesta
Chamada, publicado ou postado em videos, fotos e/ou atividades, nos sites e nos perfis do
Instagram, Facebook, Twitter, Youtube entre outras redes sociais, sempre que possivel, deverdo
registrar como marcador as hashtags #FAPESC.SC, #SDEGOVSC e #GOVERNOSC além de
marcar a Fapesc com @Fapesc.gov, @Fapesc.sc.

10.4 Quando da apresentagéo de agbes e resultados do projeto, deve-se enviar a Assessoria de
Comunicagédo da Fapesc, por meio do endereco eletrénico comunicacao@fapesc.sc.gov.br
dados, imagens e informagbes que viabilizem o antincio do mesmo. Os materiais de apoio para
divulgacéo deverdo conter texto em formato jornalistico, programacéo, indicacdo do meio de
publicacéo e fotos em boa resolugdo. Solicita-se, sempre que possivel, antecedéncia minima de
15 (quinze) dias.

10.5 Devera ser apresentado um video institucional da Fapesc em eventos, agbes e
apresentacoes de resultados do projeto. O video estara disponivel no site de Fapesc.

10.6 Ao longo da execugdo da presente Chamada Publica a Fapesc podera realizar seminarios
para apresentacao dos resultados parciais das atividades desenvolvidas, e, ao final, sera
realizado o Seminario Final de Divulgacdo e Avaligdo dos Resultados do presente. Para estes

seminarios os Proponentes/Beneficiarios e Bolsistas deverdo apresentar seus resultados de
pesquisa.

11 DA PROTEGAO DE DADOS

11.1 Os participes da presente Chamada Publica declaram que conhecem a Lei n® 13.709 de 14
de agosto de 2018 - Lei Geral de Prote¢éo de Dados Pessoais — LGPD, e autorizam a Fapesc a
coletar e tratar seus dados pessoais e de seus representantes/beneficiarios/proponentes, para o
fim exclusivo de viabilizar o presente Edital e a futura execugdo do objeto contratado,
observando-se as excec¢des previstas no art. 11, Il da LGPD e o seguinte:

a) fica autorizada a coleta e o tratamento do nome completo e cépias e nimeros de identidade e
CPF dos participes, bem como eventuais dados pessoais incluidos em contrato social, estatuto
ou documento equivalente, enquanto for necessario ao atingimento da finalidade a seguir
exposta;

b) a coleta e tratamento dos dados acima especificados tem por finalidade viabilizar o presente

Edital de Chamada Publica e a futura execugéo do objeto contratado;
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c¢) a Fapesc nao divulgara os dados pessoais coletados.

11.2 A Fapesc € a controladora dos dados pessoais tratados neste Item, podendo ser contatada
por meio do seguinte endereco eletronico: fapesc@fapesc.sc.gov.br.

11.3 A Fapesc se responsabiliza por todas as medidas de seguranca necessarias a protecio dos
dados coletados ou tratados de incidentes de seguranca da informacdo e comunicard aos
titulares dos dados e a Autoridade Nacional de Protecdo de Dados (ANPD) a ocorréncia de
incidente de seguranca que possa acarretar risco ou dano relevante, em conformidade ao art. 48
da LGPD.

11.4 Os titulares dos dados, poderdo exercer, no que couber, os direitos previstos no art. 18 da
LGPD.

11.5 Os titulares dos dados poderéo revogar a anuéncia aqui manifestada, ou solicitar que sejam
eliminados os seus dados pessoais ndo anonimizados, ficando cientes que isto podera impedir a
continuidade do objeto contratado.

11.6 Os participes deverao manter sob sigilo e confidencialidade as metodologias empregadas e
os resultados obtidos/desenvolvidos em cada uma das linhas tematicas, que somente poderao
ser divulgados e reproduzidos, total ou parcialmente em concordancia com as partes.

11.7 Seréo consideradas Informacées Confidenciais todas as informactes que assim forem
identificadas pela Fapesc e pelas legislacées aplicaveis, como a Lei n° 13.709/2018 - Lei Geral
de Protecdo de Dados (LGPD) ou que, devido as circunstancias da revelagdo ou a propria
natureza da informagdo devam ser consideradas confidenciais ou de propriedade da Instituicdo
proponente/interveniente/beneficiario.

11.8 Outras condicbes referentes ao sigilo e confidencialidade de dados informacées relativas ao
objeto da presente Chamada e seus resultados, serdo estipuladas em instrumento juridico

especifico posterior, entre os participes e a Fapesc.

12 DA CLAUSULA ANTICORRUPCAO (IN CGE/SEA n° 01/2020)

12.1 Os participantes da presente Chamada Publica, tanto pessoas fisicas quanto pessoas
juridicas de qualquer natureza, concordam que executardo as obrigagcbes assumidas de forma
ética e de acordo com os principios aplicaveis a administracdo publica direta e indireta e
atividades do terceiro setor.

12.2 Declaram que tém conhecimento das normas previstas na legislagéo correspondente, entre
as quais as que se encontram determinadas na Lei n° 8.429/1992 (Lei de Improbidade
Administrativa) e Lei n°® 12.846/2013, seus regulamentos e demais legislagées Federais e
Estaduais correlatas.
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12.3 Os proponentes comprometem-se em ndo adotar praticas ou procedimentos que se
enquadrem nas hipoteses previstas nas leis e regulamentos mencionados no inciso |, artigo 1°
da IN CGE/SEA n® 01/2020, bem como, exigir o mesmo zelo de terceiros por elas contratados.
12.4 Comprometem-se em notificar & Controladoria-Geral do Estado qualquer irregularidade que
tiverem conhecimento acerca da inexecugao da presente clausula anticorrupgao.

12.5 Declaram ainda, ter plena ciéncia de que a violagdo de qualquer das obrigagoes previstas
na IN CGE/SEA n° 01/2020, além de outras pertinentes a espécie, é causa para a sua imediata
exclusdo deste certame, sem prejuizo da cobranga das perdas e danos, inclusive danos

potenciais, causados a parte inocente e das multas pactuadas.

13 CONDIGOES GERAIS
a) As condi¢bes gerais estabelecidas neste instrumento terdo validade durante todo o

periodo de fruicdo da bolsa.

b) Em caso de insuficiéncia de desempenho do bolsista ou de interrupcéo, por qualquer
motivo, dos seus trabalhos durante a vigéncia da bolsa, cabera ao Coordenador a
responsabilidade de informar a Fapesc, e solicitar a suspensdo imediata da bolsa,
conforme o prazo estabelecido no item 7-f, ndo havendo necessidade de restituicdo a

Fapesc dos valores recebidos.

c) A bolsa podera ser cancelada, por solicitagdo do Coordenador, em caso de fato cuja
gravidade justifique o cancelamento, conforme o prazo estabelecido no item 7-f. Tal
medida acarretara ao bolsista restituir, a Fapesc, o valor recebido, corrigido com base nos

mesmos critérios adotados para a atualizagéo das obrigagdes tributarias.

d) A concesséo objeto do presente instrumento ndo gera vinculo de qualquer natureza ou

relagao de trabalho entre as partes, constituindo doagéo feita ao bolsista.

e) O bolsista excluido, independentemente das razées, ndo podera retornar ao Programa na

mesma vigéncia.

f) A Fapesc nao se responsabiliza por qualquer dano fisico ou mental causado ao bolsista

na execucao do seu projeto de pesquisa.

g) O bolsista, o coordenador do projeto e supervisor do bolsista manifestam sua integral e
incondicional concordancia com a concessado gue ora € feita, comprometendo-se a

cumprir fielmente as condicoes expressas neste instrumento.

h) O inicio da vigéncia da bolsa dar-se-a pelo cadastramento do bolsista no Sistema de

Gestdo de Recursos Humanos (SIGRH/SC), pela Fapesc. Esse procedimento sera /¢
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executado apos o recebimento do Termo de Compromisso assinado, estando sujeito ao
cronograma de processamento desse sistema.

14 INFORMAGOES ADICIONAIS

19.1 O foro para dirimir qualquer questéo relacionada com o presente Termo de Compromisso &
o da Comarca de Floriandpolis, Estado de Santa Catarina.

Florianépolis, 01 de agosto de 2023.

Y NAGO IV Londisid

026/2023 e o cédigo 09Y29ZKQ.

cesso FAPESC 00002

Bolsista Coordenador
FAPESC Supervisor
m @
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PLANO DE TRABALHO DO BOLSISTA
EDITAL DE CHAMADA PUBLICA FAPESC N° 03/2023

PROGRAMA DE FOMENTO A PESQUISA E INOVAGAO EM AREAS ESTRATEGICAS PARA
ATENDER A DEMANDA DA SOCIEDADE CATARINENSE PELA UNIVERSIDADE DO
ESTADO DE SANTA CATARINA - UDESC

1 DO PROJETO

1.1 Nome do Bolsista

Elvis Naoto Nishida Correia

1.2 Titulo do Projeto

Desenvolvimento e aprimoramento de métodos de analises quimicas no LAl

1.3 Grande Area do Conhecimento

( ) Ciéncias Agrarias

( ) Ciéncias Bioldgicas

( ) Ciéncias da Saude

(X) Ciéncias Exatas e da Terra
( ) Ciéncias Humanas

( ) Ciéncias Sociais Aplicadas
( ) Engenharias

( ) Linguistica, Letras e Artes
( ) Outra

( ) Tecnologias

1.4 ldentificacdo do objeto

O presente projeto pretende desenvolver e aprimorar métodos de analises quimicas
presentes no Laboratério de Analise Instrumental (LAI) para a prestacao de servigos
através do atendimento a demandas de clientes internos e externos (universidades

parceiras e empresas). Assim, o bolsista garantird o desenvolvimento de novos

4

métodos de analise quimica; suporte na interpretacéo dos resultados; reprodutibilidade

L e T R R R S T T T T R T TR S e e ey S L e L S e S el |
1

Parque Tecnoldgico ALFA - Rodovia José Carlos Daux 600 (SC 401), Km 01 - Modulo 124 +55 (48) 3665 4800 www.fapesc.sc.gov.br
Prédio CELTA/FAPESC - 5° Andar - Bairro Jodo Paule - CEP 88030-902 - Florianopolis/SC - Brasil fapesc@fapesc.sc.gov.br

N Pag. 01 de 06 - Documento assinado digitalmente. Para conferéncia, acesse o site https:/portal.sgpe.sea.sc.gov.br/portal-externo e informe o processo FAPESC 00002026/2023 e o c6digo 63DZ50RC.

N



GOYIAND DI

SANTA
CATARINA

MENTARA B4 EalCA, FEERCLAIA |imvAChD

A

: “\" f Fundagdo de Amparo a Pesquisa e
Inovagdo do Estado de Santa Catarina

dos ensaios e agilidade na prestacéo de servicos.

1.5 Objetivo da pesquisa

O objetivo desta proposta é garantir o eficiente desempenho do Laboratério de Analise
Instrumental (LAI) na prestagéo de servigos através de analises quimicas que atendem

clientes internos e externos (universidades parceiras e empresas).

O objetivo do bolsista a ser contratado é realizar as seguintes analises:

1) espectroscopia de Ressonancia Nuclear Magnética (RMN),

2) espectroscopia no Infravermelho,

3) espectroscopia no Ultravioleta, visivel e infravermelho préoximo (UV/Vis/NIR),
4) Cromatografia gasosa com detector Espectrémetro de Massa,

5) Cromatografia liquida com detector Espectrometro de Massa,

6) Analise de propriedades mecéanicas (resisténcia a compressao, a flexdo e adesdo),
7) Analises termogravimétricas.

8) Analises de BET

9) Analises de tamanho de particulas

Tao importante quanto executar as analises, os bolsistas desenvolverdo, validarao e
implantardo novos métodos de analise, fardo o controle das analises realizadas,
controle dos insumos consumidos e verificagdo periddica dos equipamentos —
atividades importantes para garantir a qualidade dos servigos prestados, a longevidade

dos equipamentos e a prestacao de contas ao Sistema Multiusuarios do CCT.

1.6 Entregaveis (produto/processo ou equivalente)

O desempenho do bolsista sera avaliado mediante a entrega dos relatérios de analise

realizadas e também, por meio de seu relatoério de atividades enviado a FAPESC.

1.7 Previsdo de divulgacées e publicacdes (cientificas ou n&o) de artigos, livros,

resenhas elou papers.

Todas as analises realizadas pelos equipamentos que compée o LAl e que estao

cadastrados junto ao Centro Multiusuarios do CCT/UDESC devem agradecer pela
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utilizagao da infraestrutura.

1.8 Resumo do Plano de Trabalho

Os 9 (hove) equipamentos alocados no LAI realizam analises que permitem identificar a
estrutura quimica de substancias, composigéo de misturas e seus respectivos teores,
velocidade de reagdes quimicas, previsao de prazo de validade, estabilidade quimica,
reatividade, pureza, etc. No entanto, somente parte destas analises eram plenamente
implantadas pela falta de profissional dedicado e qualificado para o desenvolvimento de
novos métodos de analise, interpretacéo de resultados e aprimoramento dos atuais
meétodos disponiveis, essa realidade teve uma melhora com a presenca do bolsista
DCR.

Os equipamentos alocados no LAl tém grande potencial de resolver problemas
quimicos de relativa complexidade, mas para alcancar a plenitude de sua operagéo é
indispensavel a alocacgéo de profissionais de nivel mestrado dedicados exclusivamente
no desenvolvimento, implantacédo e execugéao de métodos de analise. Justifica-se esta

necessidade nos seguintes aspectos principais:

1) DESENVOLVIMENTO DE NOVOS METODOS DE ANALISE QUIMICA: Os atuais
métodos em execucdo no LAl foram desenvolvidos para atender a demanda imediata
vinda dos clientes internos, especialmente os alunos de pos-graduagéo que muitas
vezes — juntamente com seus orientadores — desenvolveram e implantaram os
métodos. Todavia clientes externos, como empresas, demandam métodos de analise
normatizados e frequentemente necessitam de suporte intelectual na interpretagédo do
resultado obtido através de determinada analise por ndo disporem de equipe treinada.
Pela falta de um profissional qualificado e dedicado ao desenvolvimento e
aprimoramento de métodos de analise no LAl estas demandas nao podem ser
atendidas pelos docentes responsaveis pelos equipamentos. Com isso, perde-se a

oportunidade de aproximagao entre empresa-universidade.

2) SUPORTE NA INTERPRETACAO DOS RESULTADOS. Considerando-se clientes
internos, muitos s&o alunos de poés-graduagdo que estdo em processo de formacéo e
nao dominam plenamente as técnicas de analise quimica que fardo uso necessitando
de orientagao em relagao as estratégias a serem adotadas nas analises e
potencial/confiabilidade do resultado. A falta de um bolsista dedicado ao
desenvolvimento de métodos de analise compromete a qualidade do resultado obtido,

faz aumentar a possibilidade da realizagéo de analises incorretas levando ao consumo
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do equipamento de forma desnecessaria e a consequente frustracao do cliente interno,

que em Ultima instancia tera seu trabalho cientifico prejudicado.

3) REPRODUTIBILIDADE DOS ENSAIOS. A otimizacao de métodos de analise leva a
geracao de um padrao de operagao e a reprodutibilidade das medidas. Este processo
deve ser executado por um profissional dedicado (bolsista mestre) que posteriormente €
um replicador deste padrao de operacéo junto a outros operadores do equipamento
|(discentes). Ao executar ensaios de forma padronizada minimiza-se erros operacionais
que podem levar ao consumo desnecessario do equipamento, as analises incorretas e

a longevidade do equipamento.

4) AGILIDADE NA PRESTAGCAO DE SERVICOS. Dispor de um bolsista mestre
dedicado ao desenvolvimento de métodos quimicos de analise e na execugéo dos
ensaios reduzira o tempo necessario para que os clientes recebam o resultado das

suas analises.

Os novos métodos de analise a serem desenvolvidos e implantados no LAl serao
aplicados em diversos projetos de pesquisa dos clientes internos de forma imediata.

Destacando-se:

- Sintese, caracterizacgao, reatividade e avaliagao de propriedades eletronicas e

biolégicas de compostos orgéanicos.

- Desenvolvimento de metodologias sintéticas para preparacdo de compostos

organicos.

- Desenvolvimento de metodologias analiticas para determinacéo de tracos de

contaminantes organicos em alimentos e amostras ambientais.

- Sintese e propriedades fisico-quimicas de compostos de coordenacao bioinspirados

com aplicacéo em catalise e biorremediagéo.

- Sintese, a funcionalizacéo, a caracterizacéo fisico-quimica e o estudo das relacées
entre a estrutura quimica e propriedades de materiais poliméricos/ceramicos, e
compostos quimicos com potencial aplicagées tecnolégicas ou biolégicas. Nesta linha
de pesquisa desenvolve-se: polimeros condutores e materiais eletroativos; compositos
contendo nanoparticulas; polimeros e compésitos aplicados a area meédicoodontologica,
sintese de novos polimeros, materiais com capacidade autorregeneradora e

bioceramicas.
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- Sintese de zedlitas para uso como peneiras moleculares no tratamento de efluentes
gerados por diferentes setores industriais.

- Sintese de oxidos ceramicos para uso como materiais pigmentantes e para o

desenvolvimento de componentes nanoparticulados para células combustiveis.
- Determinacéo de energia de ligagdo em compaésitos organicos e inorganicos

Novos métodos de analise permitirdo atender as necessidades de clientes externos,

destacando-se;

- Industria farmacéutica, especialmente na identificagéo da estrutura quimica dos

insumos, grau de pureza racémica, composigao de extratos ou 6leos essenciais, etc.

- Industria de plastico pela realizacéo de estudos na identificacédo da estrutura quimica,

determinacéao de massa molar e propriedades mecanicas.

- Industria odontolégica, pela realizagéo de estudos de estabilidade e prazo de validade

de produtos, grau de converséao e propriedades mecanicas.

- Empresas prestadoras de servico em andlise de agua, especialmente na realizagao de
analises que caracterizam e identificam a presenca de substancias organicas em

aguas.

- Industria quimica, que permite analisar pureza dos produtos e dos reagentes
utilizados, além de analise de residuos industriais sélidos e liquidos, buscando

classificacao do residuo e verificagao no atendimento a legislagcbes ambientais vigentes
- Analise de residuos de agrotoxicos em alimentos;

- Analise do perfil volatil de amostras alimenticias, verificando qualidade e/ou

compostos indesejados nas amostras;

- Agroindustria: analise de metabolitos volateis em plantas submetidas a diferentes

processos agronémicos;

- Quimica Forense e investigagao de atos ilicitos: como a caracterizacéo de drogas
apreendidas, como maconha, cocaina, ecstasy, entre outras, auxiliando na preparagéo
de laudos técnicos sobre a composicdo da amostra e também, a determinacéo de
drogas, medicamentos, metabdlitos em amostras biologicas, como sangue e urina,

visando auxiliar na pericia médica/forense.
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TERMO DE COMPROMISSO DE BOLSA FAPESC

A ser preenchido pela Fapesc
PROCESSO FAPESC N°: 1164/2023

O Programa de BOLSAS Fapesc objetiva:

a) A formacgdo de profissionais para a Pesquisa Cientifica, Tecnolégica e Inovagdo em
universidades, institutos de pesquisa e desenvolvimento, centros tecnolégicos, centros de
formacdo profissional e empresas de base tecnolégica, em todas as areas do
conhecimento, tanto no Brasil quanto no exterior, com o intuito de incentivar e promover o
desenvolvimento, em areas estratégicas, do Estado de Santa Catarina;

b) A formagdo, capacitacdo e aperfeicoamento de recursos humanos de alto nivel em
Instituicbes de Ciéncia, Tecnologia e Inovagéo, ICTI, empresas e governos, para a

realizacdo de projetos de PDI e a gestao de projetos de PDI.

1 DEFINICOES

a) Bolsista: Pessoa fisica aprovada na Chamada Publica n° 03/2023, qualificada conforme
item 2 do presente Termo, para executar o objeto do presente Termo, conforme atribuices
previstas no item 6 do presente Termo

b) Coordenador do Bolsista: Profissional indicado pela UDESC para coordenar a execugao
do objeto do presente Termo, conforme atribui¢cdes previstas no item 7 do presente Termo.

C) Supervisor/Supervisor do Bolsista: Profissional indicado pelo UDESC, diretamente
responsavel pelo bolsista, que acompanhara as atividades desempenhadas pelo mesmo.

d) Fapesc: Entidade publica com personalidade juridica de direito privado, inscrita no CNPJ
sob o0 n° 01.682.869/0001- 26, com sede no Parque Tecnoldgico ALFA — Rodovia José
Carlos Daux, 600 (SC 401), Km 01, Mdodulo 12A, Prédio CELTA/Fapesc, 5° andar, Bairro
Jodo Paulo, Florianépolis, Santa Catarina, CEP 88030-902, doravante denominada

simplesmente Fapesc.

2 DO BOLSISTA

Nome: Elvis Naoto Nishida Correia

Estado Civil: Solteiro Nacionalidade: Brasileiro
CPF: 055.507.619-98 Raca: Amarelo

RG: 055.507.619-98 Orgéo Emissor: SSP/SC
Data de Expedicao: 23/02/2023 UF: SC

w

W P4g. 01 de 08 - Documento assinado digitalmente. Para conferéncia, acesse o site https://portal.sgpe.sea.sc.gov.br/portal-externo e informe o processo FAPESC 00002026/2023 e o codigo EX80FB28.



= ki

A NY P Y .
20BN Fundacdo de Amparo a Pesquisa e CA
%th)r' fa pesc Inovagdo do Estado de Santa Catarina sscnsrxﬁnﬁ!m"oe

TECNOLOGIA E INOVAGAO

Profissao: Estudante

Data de Nascimento: 29/01/1992 Sexo: Masculino

Nome do Pai: Claudio Marcelo Correia

Nome da Mae: Claudia Naomi Nishida Correia

Endereco Residencial (logradouro, n°® e complemento): Rua das Turmalinas, 51 — Apto 401
Bairro: Santo Antdnio Cidade: Joinville CEP: 89218-070
Telefone: - Celular: (48) 99814-4774 E-mail:

nishida.gmc@gmail.com

Tempo de Residéncia no Estado de SC: 32 anos

Estado e Municipio de Nascimento: Santa Catarina / Florianépolis

N° Titulo Eleitoral: 0541 4982 0973 Zona: 003 Secao: 0030 UF: SC
Data de emissao Titulo: 08/02/2022 Municipio: Blumenau
Banco do Brasil — Agéncia: 0016-7 Conta: 58.101-1

3 DO COORDENADOR/SUPERVISOR DO BOLSISTA
Nome: Karine Priscila Naidek
CPF: 061792889-41

RG: 96857764 Orgdo Exp.: SSP/PR Data Exp.: 03/10/2002
Nacionalidade: Brasileira Estado civil: Solteira
Profissao: Professor | Telefone: 47 34817649 Celular: 47 991573746

Universitario

Endereco Comercial (logradouro, n° e complemento): Rua Paulo Malschitzki, 200

Bairro: Zona Industrial Norte | CEP:; Cidade:

Endereco Residencial (logradouro, n° e complemento): Rua Presidente Prudente de Moraes,
610 bloco 2 — ap 504
Bairro: Santo Ant6nio CEP: 89218-000 Cidade: Joinville

Email: karine.naidek@udesc.br

Nome da Entidade de vinculo: Fundagéo Universidade do Estado de Santa Catarina - UDESC

Nome do Supervisor do Bolsista: Karine Priscila Naidek

4 DO OBJETO

4.1 O presente Termo de Compromisso de Bolsa Fapesc visa a transferéncia de recursos
financeiros, em modalidade de bolsa, para a execucdo do Programa De Fomento & Pesquisa e
Inovacdo em Areas Estratégicas para Atender a Demanda da Sociedade Catarinense pela

Universidade do Estado de Santa Catarina - UDESC, aprovado no Edital de Chamada Publica

w
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Fapesc n° 03/2023, em conformidade com o Plano de Trabalho, parte integrante do presente

instrumento, nos termos da resolucdo 01/2022 - Politica de Bolsas Fapesc.

5 IDENTIFICACAO DO PROCESSO
Modalidade da Bolsa: SET-E

Valor da Bolsa: R$ 4.200,00 Duracao da Bolsa (meses): 24

Data Inicio da Bolsa: 01/08/2023 Data Fim da Bolsa: 31/07/2025

6 DAS ATRIBUICOES E RESPONSABILIDADES DO BOLSISTA

a) Cabera ao bolsista dedicar-se exclusivamente as atividades objeto dessa Chamada
Publica em carga horaria de 30 (trinta) horas/semanais, conforme horario administrativo do
UDESC;

b) Dedicar-se integralmente as atividades de pesquisa, desenvolvimento e inovagdo no
UDESC em ritmo compativel com as atividades exigidas pelo Programa;

¢) Manter bom desempenho a ser atestado pelo coordenador do projeto e/ou supervisor do
bolsista durante todo o periodo de bolsa;

d) Indicar conta de sua titularidade, no Banco do Brasil, para o recebimento mensal e
sucessivo da bolsa;

e) Nao acumular bolsas provenientes de agéncias publicas de fomento;

f) Informar a Fapesc a existéncia de acumulo de vinculo, para que seja analisado
considerando a Resolucdo Conselho Superior Fapesc n° 01/2022 (Politica de Bolsas
Fapesc) e Resolugédo Conselho Superior Fapesc n® 02/2022 (Altera a Resolucdo n° 01, de
16 de margo de 2022).

g) Enviar & Fapesc, semestralmente e em prazos a serem estipulados, relatorios parciais do
andamento do estudo/projeto, com parecer do coordenador do projeto e/ou supervisor do
bolsista;

h) Apresentar, ao final da vigéncia deste Termo de Compromisso, um relatério conjunto pelo
bolsista, pelo coordenador do projeto e/ou supervisor do bolsista, com resultado sucinto,
em meio eletrénico, para ser divulgado no site da Fapesc;

i) Submeter a apreciagdo da Fapesc qualquer proposta de mudanga no projeto, durante a
vigéncia da bolsa;

j) Fazer mencdo expressa a Fapesc em qualquer agdo promocional ou publicagdo de
trabalhos relacionados com o objetivo do presente Termo;

k) Como contrapartida aos recursos recebidos, os bolsistas beneficiados por esta Chamada

Publica poderéo ser solicitados, a qualquer momento, para atuar como monitores ou para
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participar de grupo de trabalho em eventos cientificos realizados pela Fapesc, bem como,
para ministrar palestra, no decorrer ou ao final do periodo da bolsa, com o intuito de
apresentar os trabalhos desenvolvidos durante a execucao do programa;

[) Como contrapartida aos recursos recebidos, os bolsistas beneficiados por esta Chamada
Publica fardo parte do cadastro de consultores ad hoc da Fapesc, e, a qualquer momento,
poderao ser selecionados para avaliagdes de projetos em outras Chamadas Publicas, sem
custos para a Fapesc;

m) Comunicar a Fapesc, até o més seguinte, o ceite ou publicagédo de artigos relacionados as
atividades desenvolvidas enquanto bolsista do Termo vigente, €;

n) Devolver a Fapesc, em valores atualizados, mensalidade(s) recebida(s) indevidamente,

caso 0s requisitos e compromissos estabelecidos acima néo sejam cumpridos.

7 DAS ATRIBUICOES E RESPONSABILIDADES DO COORDENADOR/SUPERVISOR

a) Cabera ao Coordenador e ao Supervisor do bolsista apresentar relatério parcial das
atividades desenvolvidas semestralmente e quando solicitado. Ao encerramento do
presente Termo, apresentar relatério final desta Chamada Publica;

b) Submeter a prestacdo de contas técnica, apresentando o relatorio semestral de
aproveitamento e quando solicitado;

c) Submeter a apreciacdo da Fapesc qualquer proposta de altera¢éo no projeto;

d) Fazer, obrigatoriamente, mengédo expressa a Fapesc em qualquer agdo promocional ou
publicagéo de trabalhos relacionados com o objeto do presente Termo;

e) Assinar junto com o bolsista, quando for o caso, o relatério semestral de atividades para
ser enviado a Fapesc, onde constardo as atividades desenvolvidas e o aproveitamento
alcancado;

f) As solicitagbes de desvinculagéo de bolsista devem ser encaminhadas até o dia 10 do més.
Apés esta data, a desvinculacao sera realizada somente no més seguinte;

g) Apresentar relatério com os resultados do programa/projeto, a Fapesc ou em eventos,
guando solicitado, €;

h) Comunicar a Fapesc, até o més seguinte, o aceite ou publicacdo de artigos relacionados

as atividades desenvolvidas pelos bolsistas no ambito do projeto, objeto do Termo vigente.

8 DAS ATRIBUICOES E RESPONSABILIDADES DA ENTIDADE
a) Cabera a Entidade, por meio de seu representante legal, colaborar na execucdo das
atividades e disponibilizar infraestrutura e condi¢bes necesséris, salubres e adequadas a
realizacdo do objeto deste instrumento, sendo responsével solidaria pelo cumprimento de

todas as obriga¢cdes assumidas pelo bolsista, conforme Plano de Trabalho;
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b) Fiscalizar a atuacdo dos bolsistas, garantindo o exercicio da atuacdo limitada
exclusivamente, ao apoio do Programa de Pesquisa e Implantacéo de Sistema de Inovacao
do CIASC, dentre as atribuicdes legais definidas pelo artigo 8° da Lei Complementar n°
741/2019, ndo permitindo que atividades sejam desvirtuadas para outras areas ou fungdes
dentro dos 6rgéos ou entidades estaduais a que forem designados, e€;

c) Garantir a seguranca sanitaria dos bolsistas por meio da observacdo das restricdes
impostas pela pandemia de COVID 19 dispostas nos decretos e demais normativas
municipais e estaduais vigentes a época da execuc¢ao do projeto.

9 DAS ATRIBUICOES DA FAPESC
a) Cabera a Fapesc realizar o cadastramento do bolsista no Sistema de Gestéo de Recursos
Humanos (SIGRH/SC) e a realizar o pagamento das bolsas durante o periodo de vigéncia
do presente Termo;
b) Avaliar qualquer proposta de mudanga no projeto e/ou vinculagdo de bolsista, durante a
vigéncia do projeto;
c) Solicitar, receber e avaliar os relatorios técnicos dos bolsistas, e;

d) Zelar pelo cumprimento das condi¢des estabelecidas no presente Termo.

10 DA DIVULGACAO CIENTIFICA E COMUNICAGCAO SOCIAL

10.1 Quaisquer divulgacdes e publicagdes, cientificas ou ndo, presentes ou futuras, sob qualquer
forma de comunicacao ou por qualquer veiculo ou midia, resultantes das atividades apoiadas pela
presente Chamada Publica deverdo, obrigatoriamente, mencionar em destaque o apoio da
Fundacdo de Amparo a Pesquisa e Inovacdo do Estado de Santas Catarina — Fapesc, com a
inclusdo da logo da Fapesc, sempre que possivel.

10.1.1 Tal obrigacao deve ser cumprida pelo proponente/beneficiario, bolsista, equipe de trabalho
e Instituicdo Proponente/interveniente.

10.2 O uso da logomarca da Fapesc deve seguir as orientagdes contidas no Manual da Marca
Fapesc, disponivel no site www.fapesc.sc.gov.br.

10.3 Todo contetdo proveniente das acdes e resultados dos projetos selecionados nesta
Chamada, publicado ou postado em videos, fotos e/ou atividades, nos sites e nos perfis do
Instagram, Facebook, Twitter, Youtube entre outras redes sociais, sempre que possivel, deverédo
registrar como marcador as hashtags #FAPESC.SC e #GOVERNOSC além de marcar a Fapesc
com @Fapesc.gov, @Fapesc.sc.

10.4 Quando da apresentagdo de agles e resultados do projeto, deve-se enviar a Assessoria de
Comunicacao da Fapesc, por meio do endereco eletrdbnico comunicacao@fapesc.sc.gov.br dados,

imagens e informacgdes que viabilizem o antincio do mesmo. Os materiais de apoio para divulgacao
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deverdo conter texto em formato jornalistico, programacao, indicacdo do meio de publicacdo e
fotos em boa resolucéo. Solicita-se, sempre que possivel, antecedéncia minima de 15 (quinze)
dias.

10.5 Deverd ser apresentado um video institucional da Fapesc em eventos, acdes e
apresentacgdes de resultados do projeto. O video estara disponivel no site de Fapesc.

10.6 Ao longo da execucgdo da presente Chamada Publica a Fapesc podera realizar seminarios
para apresentacao dos resultados parciais das atividades desenvolvidas, e, ao final, sera realizado
o Seminério Final de Divulgacéo e Avalicdo dos Resultados do presente. Para estes seminarios
os Proponentes/Beneficiarios e Bolsistas deverdo apresentar seus resultados de pesquisa.

11 DA PROTECAO DE DADOS

11.1 Os participes da presente Chamada Publica declaram que conhecem a Lei n® 13.709 de 14
de agosto de 2018 - Lei Geral de Protecéo de Dados Pessoais — LGPD, e autorizam a Fapesc a
coletar e tratar seus dados pessoais e de seus representantes/beneficiarios/proponentes, para o
fim exclusivo de viabilizar o presente Edital e a futura execugéo do objeto contratado, observando-
se as excegoes previstas no art. 11, Il da LGPD e o seguinte:

a) fica autorizada a coleta e o tratamento do nome completo e copias e nimeros de identidade e
CPF dos participes, bem como eventuais dados pessoais incluidos em contrato social, estatuto ou
documento equivalente, enquanto for necessario ao atingimento da finalidade a seguir exposta;
b) a coleta e tratamento dos dados acima especificados tem por finalidade viabilizar o presente
Edital de Chamada Publica e a futura execuc¢éo do objeto contratado;

c) a Fapesc nao divulgara os dados pessoais coletados.

11.2 A Fapesc ¢é a controladora dos dados pessoais tratados neste Item, podendo ser contatada
por meio do seguinte endereco eletrénico: fapesc@fapesc.sc.gov.br.

11.3 A Fapesc se responsabiliza por todas as medidas de seguranca necessarias a protecao dos
dados coletados ou tratados de incidentes de seguranca da informacao e comunicara aos titulares
dos dados e a Autoridade Nacional de Protecao de Dados (ANPD) a ocorréncia de incidente de
segurancga que possa acarretar risco ou dano relevante, em conformidade ao art. 48 da LGPD.
11.4 Os titulares dos dados, poderédo exercer, no que couber, os direitos previstos no art. 18 da
LGPD.

11.5 Os titulares dos dados poder&o revogar a anuéncia aqui manifestada, ou solicitar que sejam
eliminados os seus dados pessoais ndo anonimizados, ficando cientes que isto podera impedir a
continuidade do objeto contratado.

11.6 Os participes deverdo manter sob sigilo e confidencialidade as metodologias empregadas e
os resultados obtidos/desenvolvidos em cada uma das linhas teméticas, que somente poderao ser

divulgados e reproduzidos, total ou parcialmente em concordancia com as partes.
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11.7 Serdo consideradas Informac¢des Confidenciais todas as informacdes que assim forem
identificadas pela Fapesc e pelas legislacdes aplicaveis, como a Lei n® 13.709/2018 - Lei Geral de
Protecao de Dados (LGPD) ou que, devido as circunstancias da revelacédo ou a propria natureza
da informacdo devam ser consideradas confidenciais ou de propriedade da Instituicdo
proponente/interveniente/beneficiario.

11.8 Outras condicdes referentes ao sigilo e confidencialidade de dados informacdes relativas ao
objeto da presente Chamada e seus resultados, serdo estipuladas em instrumento juridico
especifico posterior, entre os participes e a Fapesc.

12 DA CLAUSULA ANTICORRUPCAO (IN CGE/SEA n° 01/2020)

12.1 Os participantes da presente Chamada Publica, tanto pessoas fisicas quanto pessoas
juridicas de qualquer natureza, concordam que executardo as obrigacfes assumidas de forma
ética e de acordo com os principios aplicaveis a administracéo publica direta e indireta e atividades
do terceiro setor.

12.2 Declaram que tém conhecimento das normas previstas na legislagdo correspondente, entre
as quais as que se encontram determinadas na Lei n® 8.429/1992 (Lei de Improbidade
Administrativa) e Lei n°® 12.846/2013, seus regulamentos e demais legislacbes Federais e
Estaduais correlatas.

12.3 Os proponentes comprometem-se em hao adotar praticas ou procedimentos que se
enguadrem nas hipéteses previstas nas leis e regulamentos mencionados no inciso |, artigo 1° da
IN CGE/SEA n° 01/2020, bem como, exigir o mesmo zelo de terceiros por elas contratados.

12.4 Comprometem-se em notificar a Controladoria-Geral do Estado qualquer irregularidade que
tiverem conhecimento acerca da inexecucao da presente clausula anticorrupcao.

12.5 Declaram ainda, ter plena ciéncia de que a violagcdo de qualquer das obrigacdes previstas na
IN CGE/SEA n° 01/2020, além de outras pertinentes a espécie, € causa para a sua imediata
exclusdo deste certame, sem prejuizo da cobranca das perdas e danos, inclusive danos

potenciais, causados a parte inocente e das multas pactuadas.

13 CONDICOES GERAIS
a) As condigOes gerais estabelecidas neste instrumento terdo validade durante todo o periodo

de fruigédo da bolsa.

b) Em caso de insuficiéncia de desempenho do bolsista ou de interrupcéo, por qualquer
motivo, dos seus trabalhos durante a vigéncia da bolsa, cabera ao Coordenador a
responsabilidade de informar a Fapesc, e solicitar a suspensdo imediata da bolsa,
conforme o prazo estabelecido no item 7-f, ndo havendo necessidade de restituicdo a

Fapesc dos valores recebidos.
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c) A bolsa podera ser cancelada, por solicitacdo do Coordenador, em caso de fato cuja
gravidade justifique o cancelamento, conforme o prazo estabelecido no item 7-f. Tal medida
acarretara ao bolsista restituir, a Fapesc, o valor recebido, corrigido com base nos mesmos

critérios adotados para a atualizacdo das obrigagdes tributarias.

d) A concesséo objeto do presente instrumento ndo gera vinculo de qualquer natureza ou

relacéo de trabalho entre as partes, constituindo doacéo feita ao bolsista.

e) O bolsista excluido, independentemente das razdes, ndo poderd retornar ao Programa na

mesma vigéncia.

f) A Fapesc ndo se responsabiliza por qualquer dano fisico ou mental causado ao bolsista na
execucao do seu projeto de pesquisa.

g) O bolsista, o coordenador do projeto e supervisor do bolsista manifestam sua integral e
incondicional concordancia com a concessao que ora é feita, comprometendo-se a cumprir

fielmente as condi¢des expressas neste instrumento.

h) O inicio da vigéncia da bolsa dar-se-a pelo cadastramento do bolsista no Sistema de
Gestdo de Recursos Humanos (SIGRH/SC), pela Fapesc. Esse procedimento sera
executado apos o recebimento do Termo de Compromisso assinado, estando sujeito ao

cronograma de processamento desse sistema.

14 INFORMACOES ADICIONAIS
14.1 O foro para dirimir qualquer questao relacionada com o presente Termo de Compromisso é

0 da Comarca de Floriandpolis, Estado de Santa Catarina.

Florianopolis, 01 de agosto de 2024.

TS WAeTO W Cottrs

Bolsista Coordenador

FAPESC Supervisor
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PLANO DE TRABALHO DO BOLSISTA

EDITAL DE CHAMADA PUBLICA FAPESC N° 03/2023
PROGRAMA DE FOMENTO APESQUISA E INOVACAO EM AREAS ESTRATEGICAS
PARA ATENDER A DEMANDA DA SOCIEDADE CATARINENSE PELA UNIVERSIDADE
DO ESTADO DE SANTA CATARINA -UDESC

1 DO PROJETO

1.1 Nome do Bolsista

Elvis Naoto Nishida Correia

1.2 Titulo do Projeto

Desenvolvimento e aprimoramento de métodos de andlises quimicas no LAl

1.3 Grande Area do Conhecimento

( ) Ciéncias Agrarias

( ) Ciéncias Biologicas

( ) Ciéncias da Saude

(X) Ciéncias Exatas e da Terra
( ) Ciéncias Humanas

( ) Ciéncias Sociais Aplicadas
( ) Engenharias

( ) Linguistica, Letras e Artes
( ) Outra

( ) Tecnologias

1.4 Identificagdo do objeto

Este projeto tem como objetivo desenvolver e melhorar os métodos de analises quimicas
realizados no Laboratério de Andlise Instrumental (LAI) para atender as necessidades de
clientes internos e externos, como universidades parceiras e empresas. O bolsista tera a
responsabilidade de criar novos métodos de andlise quimica, fornecer suporte nal
interpretacdo dos resultados, assegurar a reprodutibilidade dos ensaios e garantir

agilidade na prestacéo de servigos.

1.5 Obijetivo da pesquisa

Esta proposta visa garantir a eficiéncia do Laboratério de Analise Instrumental (LAI) na|
prestacdo de servicos de andlises quimicas para clientes internos e externos, incluindo
universidades parceiras e empresas. O bolsista sera responsavel por realizar diversas

analises, como espectroscopias (RMN, Infravermelho, UV/Vis/NIR), cromatografias

(gasosa e liquida com espectrobmetro de massa), propriedades mecanicas, analises

SN
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termogravimétricas, BET e tamanho de particulas. Além disso, desenvolvera e validarg
novos métodos de andlise, controlar4d as andlises realizadas, gerenciard insumos e
realizara verificagdes periddicas dos equipamentos, garantindo a qualidade dos servigos,
a longevidade dos equipamentos e a prestacdo de contas ao Sistema Multiusuérios do|
CCT.

1.6 Entregéveis (produto/processo ou equivalente)

O desempenho do bolsista sera avaliado com base na entrega dos relatérios das analises|

realizadas e no relatério de atividades submetido a FAPESC.

1.7 Previsdo de divulgagdes e publicacdes (cientificas ou ndo) de artigos, livros, resenhas

e/ou papers.

Todas as analises realizadas com o0s equipamentos do LAI, cadastrados no Centro

Multiusuarios do CCT/UDESC, devem reconhecer a utilizacdo da infraestrutura.

1.8 Resumo do Plano de Trabalho

Os nove equipamentos do Laboratério de Andlise Instrumental (LAI) tém a capacidade
de realizar andlises detalhadas, incluindo a identificagdo da estrutura quimica de
substancias, a composi¢do de misturas, teores, velocidade de reagcbes quimicas, prazo
de validade, estabilidade, reatividade e pureza. No entanto, a plena utilizacdo desses
eguipamentos tem sido limitada pela falta de um profissional qualificado para desenvolver

e aprimorar métodos de analise e para interpretar os resultados.

Para otimizar a operacgdo do LA, é essencial a presenc¢a de um profissional com formacao
de mestrado, dedicado ao desenvolvimento e execucdo de métodos de andlise. As

principais razbes para essa necessidade sao:

|. Desenvolvimento de Novos Métodos de Analise Quimica: Os métodos atuais atendem
principalmente a demandas internas e ndo estao adequados para clientes externos, como
empresas, que requerem meétodos normatizados e suporte técnico na interpretacdo dos
resultados. A falta de um profissional qualificado limita a colaboracgdo entre a universidade

e 0 setor empresarial.

[I. Suporte na Interpretacdo dos Resultados: Muitos clientes internos, como alunos de
pés-graduacao, necessitam de orientacao técnica para garantir a qualidade das analises

e a confiabilidade dos resultados. Sem um bolsista dedicado, aumenta a probabilidade
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de erros e frustracdes, prejudicando o trabalho cientifico.

lll. Reprodutibilidade dos Ensaios: A presenca de um profissional qualificado assegura &
padronizacdo dos processos e a reprodutibilidade das analises, minimizando erros

operacionais e prolongando a vida Gtil dos equipamentos.

IV. Agilidade na Prestagdo de Servicos: Um bolsista com mestrado especializado

permitird uma reducéo no tempo de entrega dos resultados para os clientes.

A prorrogacdo do projeto permitird o desenvolvimento e a implementacdo de novos
métodos de analise, beneficiando diversos projetos de pesquisa internos e atendendo as
demandas de clientes externos. Entre 0s clientes internos estdo projetos de sintese e
caracterizacdo de compostos orgéanicos, desenvolvimento de metodologias analiticas
para alimentos e amostras ambientais, estudo de compostos de coordenacao
bioinspirados, analise de materiais poliméricos e ceramicos, e determinacdo da energia
de ligacdo em compdsitos. Para clientes externos, o projeto atenderd industrias
farmacéutica, de plasticos, odontolégica e quimica, empresas de analise de &gua,

agroindustria e quimica forense.

A continuidade do projeto é crucial para aprimorar a capacidade do LAl em atender a
essas demandas de forma eficaz e colaborativa. A prorrogacdo se faz necessaria paral
manter a exceléncia dos trabalhos desenvolvidos pela bolsista, garantir a qualidade das
andlises e fortalecer parcerias com empresas e instituicdes de ensino, além de apoiar 0S|
Programas de POs-Graduagcdo e o curso de Licenciatura em Quimica. Portanto, &
renovacgao da bolsa é estratégica para a continuidade do bom andamento dos trabalhos
no LA

TS a0 W, Cotins

Bolsista Coordenador

FAPESC Supervisor
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