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RESUMO

As zedlitas sdo materiais microporosos com base na formagdo tetraédrica de silicatos, sendo
destaque como catalisadores devido a sua caracteristica seletiva com seus sitios reativos. Por isso,
sdo amplamente utilizadas em processos de adsor¢do, separagdo e catadlise em diversas industrias
[1]. Neste contexto, este trabalho tem como objetivo localizar sitios reativos da zeolita RUB-11 de
5 anéis por meio do método DFT (GGA-PBE) [2-3], utilizando o software Materials Studio com
a ferramenta Dmol? [4]. A Density Functional Theory (DFT) [5—6] é uma abordagem da quimica
computacional que permite o estudo das propriedades eletronicas de sistemas moleculares e
solidos. A estrutura original apresentou energia de gap de 6,98 eV, enquanto as modifica¢oes com
datomos de cobre, zinco e escandio resultaram em energias de gap, respectivamente, de 0,512;
0,711 e 3,294 eV, indicando um aumento de reatividade em relagdo a RUB-11-54. Além da energia
de gap, foi realizada uma analise com a func¢do Fukui [7] e a andlise populacional de Hirshfeld
[8], com base nos resultados DFT. A andlise populacional indicou um sitio reativo mais propicio
para dopagem com cobre, no qual foram apontados os atomos de silicio 18, 23, 24 e 25, com
variagdo de 0,039 a 0,045 (Hirshfeld); entretanto, somente os sitios T-25 e T-18 permitiram a
estabilizacdo da estrutura. Enfim, conclui-se que, com a redu¢do do gap indicando o aumento da
reatividade e a estabilizacdo da estrutura com metal de transi¢do, abre-se caminho para
aplicagoes cataliticas e de adsorg¢ao.

Palavras-chave: Quimica Computacional, Zedlita, RUB-11, DFT, Hirshfeld.



L,
i’ \) J 5th
IGAIG’ 09 a 13 de junho de 2025
e IMMSEM
International Conference for Instituto Federal do Maranhao | Campus Sao Luis - Monte Castelo International Meeting in Materials
Academia and Industry Co-operation Science and Engineering of Maranhao

ABSTRACT

Zeolites being microporous materials based on their tetrahedral formation of silicates, due to their
selective characteristic with their reactive sites are used as catalysts. Therefore, they are widely
used in adsorption, separation and catalysis processes in several industries [1]. In this context,
this work aims to study the reactive sites of the 5-ring zeolite RUB-11 by means of the DF'T method
(GGA-PBE) [2-3], using the Materials Studio software with the Dmol® tool [4]. Density
Functional Theory (DFT) [5—6] is a computational chemistry approach that allows the study of
the electronic properties of molecular and solid systems. The original structure presented a band
gap energy of 6.98 eV, while the modifications with copper, zinc and scandium atoms resulted in
band gap energies, respectively, of 0.512; 0.711 and 3.294 eV, indicating an increase in reactivity
compared to RUB-11-5A. In addition to the band gap energy, an analysis with the Fukui function
[7] and the Hirshfeld population analysis [8] were also performed. The population analysis
indicated a reactive site more suitable for copper doping, in which the silicon atoms 18, 23, 24 and
25 were pointed out, with a variation of 0.039 to 0.045 (Hirshfeld), however, only the T-25 and T-
18 sites allowed the stabilization of the structure. Finally, it is concluded that, with the reduction
of the band gap indicating the increase in reactivity and the stabilization of the structure with
transition metal, the way is opened for catalytic and adsorption applications.
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