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Resumo/Abstract



[bookmark: _GoBack]RESUMO – Estruturas zeolíticas imidazolato são materiais que apresentam características desejáveis, o que que possibilita sua aplicação em inúmeras reações, especialmente na hidrogenação de moléculas plataformas. Portanto, este estudo descreve a síntese das estruturas zeolíticas imidazolato 67 e 8, modificadas com de paládio. Os resultados obtidos confirmam a formação da estrutura sodálita com morfologia dodecaédrica, após a modificação foi possível observar que não houve mudanças significativas nas estruturas das zeolíticas imidazolato 67 e 8.
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ABSTRACT – Zeolitic imidazolate frameworks, are materials that have desirable characteristics, enabling their application in numerous reactions, particularly in the hydrogenation of platform molecules. Therefore, this study describes the synthesis of the zeolitic imidazolate 67 and 8 frameworks, modified with palladium. The results obtained confirm the formation of the sodalite structure with dodecahedral morphology, after the modification it was possible to observe that there were no significant changes in the structures of the zeolitic imidazolate 67 and 8.
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Introduction
Zeolitic imidazolate frameworks (ZIFs) are widely versatile materials due to their desirable structural characteristics of zeolites and metalorganic structures, such as high surface areas, porosity, crystallinity and stability (1-3). Such characteristics make them potential to be used in catalysis, desorption, separation, sensors and several other applications (4).
Among the numerous structures, the ZIF-8 and ZIF-67 stand out, consisting of zinc and cobalt ions, respectively, and of the 2-methylimidazole ligand. These materials  have a sodalite structure and a high surface area (>1000 m2 g-1) (5-7), which make them potential materials to be used as support for metallic nanoparticles and to be applied as catalysts . Hu et al. (8) describe the synthesis of ZIF-8 modified with Ru, used as a catalyst in the hydrogenation reaction of CO2 to formic acid. Tian et al. (9) describe the synthesis of Au/ZIF-67, an efficient catalyst for the photocatalytic reduction of CO2 to CO.
Thus, this study aims to develop heterogeneous catalysts of ZIF-67, ZIF-8, Pd/ZIF-67 and Pd/ZIF-8, with potential catalytic application in the transformation of CO2.
Experimental
Synthesis of ZIFs and Pd/ZIFs. 
The synthesis of the ZIF-67 structure was performed as described by Li et al. (10), using nitrate cobalt hexahydrate, 2-methylimidazole and methanol.
The ZIF-8 structure was synthesized according to Schein et al. (11), using nitrate zinc hexahydrate, 2-methylimidazole and methanol. The synthesized structures were impregnated with PdCl2 and reduced with 4 bar of hydrogen gas at 75°C.
Results and Discussion
ZIFs are materials that have defined structural and morphological characteristics. The morphology of ZIF-67 and ZIF-8 without modification are presented in Figures 1((a) and (b)) and 2 ((a) and (b)). Both materials showed a dodecahedral and homogeneous shape. As a function of the average size, it was verified by transmission electron microscopy (TEM), that the ZIF-67 and ZIF-8 support without modification, presented an average size of 365 ± 85 nm and 99 ± 16 nm, respectively.
The nitrogen adsorption analysis showed that the ZIF-67 without modification, presented high micropore area (1272 m2 g-1). 
Figure 3 shows the X-ray diffractograms of the modified ZIFs and ZIFs structures. ZIF-67 and Pd/ZIF-67 (Figure 3a) presented sodalite structure. The same is observed for the ZIF-8 and Pd/ZIF-8, Figure 3(b). After impregnation/reduction of palladium ions in ZIF-67 and ZIF-8, metallic Pd was observed by X-ray energy dispersive spectroscopy, confirming the presence of palladium in ZIF-67 and ZIF-8. 
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Figure 1.  a) SEM and b) TEM image of the ZIF-67 structure.
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Figure 2.  a) SEM and b) TEM image of the ZIF-8 structure.
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Figure 3.  X-ray diffractogram of a) ZIF-67 and b) ZIF-8, before and after modification (normalized data).
The morphological and structural characteristics of ZIF-67, ZIF-8 and Pd/ZIFs, suggest that they may present a high catalytic activity for the transformation of CO2. 
Conclusions
Through this study it was possible to obtain the structures ZIF-67 and ZIF-8, with sodalite structure high surface area and homogeneous morphology. The modified materials kept the ZIFs structure and a presence of Pd.  The materials have potential catalytic activity in the conversion of CO2 to CO and formic acid, using thermochemical or photochemical activation.
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