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Abstract

LaFe,57C0q.35Pd0.0s03 perovskite-type oxide catalysts were synthesized via flash combustion method. Then,
their structural and textural properties were studied. Depending on the thermal treatment, amorphous or
crystalline materials with different particle sizes were obtained. The catalytic activity of these systems was
investigated in Suzuki-Miyaura and Sonogashira cross-coupling reactions. Mechanistic studies demonstrated
that the materials operate following “release and catch” mechanism. “Ingress and Egress” of palladium in
perovskite systems constitute a driving force for the preparation of new chemicals with low metal
contamination.
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Introduction

The homogeneous catalysis suffers from numerous drawbacks, mainly, high cost, non-reusability of catalyst,
as well as the environmental pollution caused by the use of organic solvents and the heavy metallic ions. In
addition, the homogeneous palladium-catalyzed coupling reactions lead to final products but with high
impurities of residual metals which limit their application, particularly, in pharmaceutical fields [1-7]. In
addition, high cost of palladium makes its recovery and reuse highly desirable. Hence, good heterogeneous
candidates have to be assessed in terms of their activity and selectivity, metal leaching resistance and
considering catalyst lifetime and reusability [8]. The development of heterogeneous Pd catalytic systems
seems a promising option to address these problems. However, the heterogeneous Pd catalyst activity,
selectivity, leaching resistance, lifetime (stability), and reusability have to be improved. Up to now, many
solid systems containing Pd nanoparticles have proved to be good catalysts for the carbon-carbon bond
forming reactions in very heterogeneous media [9-12].

Perovskite based materials are exciting carriers to host palladium catalysts with an enhanced tolerance factor
of 0.9 (Goldschmidt factor) [13]. They are also able to stand harsh basic conditions often necessary for the
achievement of cross-coupling reactions such as Suzuki-Miyaura and Sonogashira. This specificity makes
perovskite based materials valuable candidates to substitute the Pd catalyst supported on charcochal (Pd/C) or
on silica based materials (Pd/SiO,) [14].

Various supports containing Pd have been developed including activated carbon [15-17], zeolites and
molecular sieves [18-20] metal oxides [21-23], clays [24, 25] earth salts, porous glass [26, 27] and organic
polymers [28]. The advantage of Pd-containing perovskite systems is that Pd can be reversibly incorporated
into the lattice on oxidation and segregated out as small particles. A few studies reported the self-regeneration
of the catalyst [13, 29-31].

Activity and stability of the catalysts are strongly related to material properties such as particle size and
particle size distribution, morphology and crystallinity that are on their turn controlled by the methods used
for their preparation [32].
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2. Materials and methods

2.1. Apparatus

LaFeys7C0g3sPdo0sO; powder was synthesized via flash combustion method. Starting materials were
analytical grade La(NOs);.6H,0, Fe(NO3)3.9H,0, Co(NOs),.6H,0, Pd(NO3),.2H,0 and glycine. The nitrates
serve as oxidants while the glycine serves both as fuel and as chelating agent for metal ions. The appropriate
molar ratios of nitrates and glycine were mixed in a minimum amount of deionized water to obtain a limpid
solution. A glycine to nitrate ratio of 1:2.5 was used. The aqueous solution was concentrated on a hot plate at
200°C, generating a viscous liquid. Upon complete evaporation of the water, the dried mixture was placed
into an oven at 400°C to start the combustion reaction which occurred within 2-3 min. The optimum
conditions for calcination were determined by TGA (Q50) between room temperature and 900 °C, and the
heating rate was 10 °C min™*. The powder obtained was annealed at 600°C and 800°C for 1h. The morphology
and the grain size after annealing at 600°C and 800°C were observed by transmission electron microscopy
(TEM, FEI Tecnai) and scanning electron microscopy (SEM, FEI Quanta 200). X-ray diffraction (XRD) data
were obtained by D8 Advance Bruker with CuKa radiation operated at 45 kV and 100 mA. The
diffractometer data were recorded for 20 values between 10° and 90°. JCPDS powder diffraction database was
used for phase analysis.

3. Results and discussion

3.1. Thermal decompositions and structural properties

The thermal decomposition of the complex precursor was investigated by TG, as shown in Fig. 1. The TG
curve of the complex pyrolysis exhibits characteristically a three-stage weight loss profile. The first stage of
the TG profile is reached at 30-120 °C, which is attributed to the loss of water physisorbed. The second stage
is a sharp weight loss of about 30% between 200 and 700 °C, which is due to the oxidative decomposition of
the organic complexing species and departure of nitrate. The third stage is a gradual weight loss between 700
and 800 °C, which is due to the thermal decomposition of carbonates and the formation of perovskite
structure.
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Figure 1: TGA thermogram of LaFeg57C0q.3Pd0.05053.

X-ray diffraction was performed on LaFegs;C0q33Pdo 0505 after annealing at 400°C, 600°C and 800°C for 1h
in order to check the purity of the crystalline product and to allow estimation of the crystallite size of the
powder. The annealing at 400 °C shows that the product is still amorphous. A calcination at 600°C and 800 °C
leads to a dominant perovskite with orthorhombic phase structure, space group Pnma (reference pattern 44-
0361). Particle sizes of as-synthesized and calcined Perovskite powders were estimated by using full width at
half maxima (FWHM) of the major (112) XRD peak with the Scherrer's formula assuming spherical particles,
D = 0.90/BcosO where D is the particle size, A is the X-ray radiation wavelength, € is the angle of XRD peak,
and g (in radians) is the FWHM of the XRD peak. 8 and /5 were determined by using the Topas software
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(Bruker) with the Gaussian profile to fit the XRD peak. It was found that the particle size of powders calcined
at 600 and 800 °C are respectively, 25 nm and 36 nm.
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Figure 2: X-ray diffraction patterns of LaFeq5,C0q33Pdo 0503 powder annealed at a) 400 °C, b) 600 °C and ¢)
800 °C.
3.2 TEM and SEM
Size and morphology of different perovskite powders were observed by TEM and SEM. Fig. 3 shows that the
perovskite is composed of crystallites strongly linked by grain boundaries or material bridges, creating inter-
granular porosity. The particle size for powder annealed at 600 °C and 800 °C were respectively estimated
about 50 and 100 nm. The difference of these sizes compared to the crystallite size measured from the X-ray
diffraction using Debye Scherrer formula, shows that we have aggregates resulting from the melting of the
particles as observed on TEM images.
Surface area from nitrogen sorption analysis for powder annealed at 400, 600 and 800 °C are respectively
about 25, 16 and 8 m?/g. The isotherm profile, from nitrogen sorption analysis, indicates that the accessible
porous network is related to the inter-particle void volume. The crystallization induces sintering of the crystals
and decreases the specific surface area. These results are consistent with those previously published, for
example Sina et al. found for LaCoO3 and LaCog¢sPdy 0503 calcined at 700°C 4.9 and 6.9 m*/g, respectively
[33], while Kaliaguine et al. published for LaFeOs, LaFe;sCug,03 and LaFeg g7Pdg 0305 calcined at 500 °C the
slightly good specific surface area respectively 30, 41 and 48 m?/g [34]. Despite good catalytic activity, the
increase in surface area is still a major challenge for this type of material.
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Figure 3: TEM image of powder annealed at a) 600 °C and b) 800 °C.
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Figure 4: SEM image of powder annealed at a) 400 °C and b) 800 °C.

3.2 Catalytic activity

To evaluate the catalytic activity of LaFeqs;C0p33PdoosOs annealed at three different temperatures (400 °C
(catalyst A), 600 °C (catalyst B) and 800 °C (catalyst C)), we selected two important cross-coupling reactions
(Suzuki-Miyaura and Sonogashira). After various optimizations of the reactions under standard conditions for
both Suzuki-Miyaura [35, 36] and Sonogashira [37, 38] in the presence of either catalyst A, B or C, we
observed for both cross-coupling reactions (Suzuki-Miyaura and Sonogashira) that catalyst A gave very low
reaction yields. However, when catalysts B and C were used, total reaction conversions were achieved.
Catalyst B was selected because it is easier to prepare and it achieved cross-coupling with better reaction
times compared to catalyst C: (30 min (with catalyst B) instead of 45 min (catalyst C) for Suzuki-Miyaura
coupling and 40 min under Millstone microwave (MW) (catalyst B) instead of 60 min under MW (catalyst
C)). This difference in the reaction times can be explained by the specific surface area of catalyst B (16 m%q)
which is two fold higher than catalyst C (8 m?/g).

In the case of Suzuki-Miyaura cross-coupling, the reaction was carried out using the following conditions (1.2
equivalents of 4-methoxyphenyl boronic acid, 2 equivalents of K,COs, H,O, MW, 140 °C, 30 min) [35] which
led to the desired compound 1 in 90% yield (Scheme 1).

Scheme 1: Suzuki-Miyaura and Sonogashira cross-coupling reactions.

Sonogashira cross-coupling reaction was investigated under both microwave and conventional heating
conditions using the following conditions (2.5 mol% of LaFeqs7C003sPd0.0503 in the presence of 2 equivalents
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of Na,CO; (dissolved in water), 1 equivalent of BTBA (tetra n-butylammonium bromide, 1 equivalent of 3-
bromotoluene, 2.2 equivalents of phenylacetylene in DMF as solvent at 150°C [37]. A total conversion was
obtained after 40 min under microwave irradiation while, in refluxing DMF, 20 hours of the reaction times
was needed to achieve a total conversion. The expected compound 2 was isolated in 92% vyield (under
microwave) and with a slightly lower yield under conventional heating (89%) (Scheme 1). The structures of
compounds 1 and 2 were confirmed by 'H NMR, *C NMR, melting point and mass spectroscopy analyses.
These data are comparable to those reported in the literature [39, 40].

Conclusion

In this work, LaFeqs;C0¢35Pdo 0503 Was synthesized by flash combustion method which is a simple and easy
way for the preparation of the catalyst nanoparticles with sizes ranging between 50 and 100 nm. The catalytic
activity of LaFeys,C0g33PdoosO; annealed at 600 °C was investigated toward Suzuki-Miyaura and
Sonogashira cross-coupling reactions leading to the desired products in excellent yields. The investigation of
LaFe,57C0q.38Pd0.0505 catalyst in other key cross-coupling reactions is undergoing.
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