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RESUMO

A continua utilizagdo de combustiveis fosseis levanta sérias preocupacdes devido as
suas significativas emissdes de CO2, que tém impactos ambientais, sociais e econdmicos
globais. Em resposta, a pesquisa e desenvolvimento de tecnologias renovaveis, como células
fotovoltaicas e células fotoeletroquimicas, sdo destacadas para reduzir a dependéncia de
combustiveis fésseis e mitigar impactos negativos, refletindo esforcos em busca de solucbes
sustentaveis alinhadas com a preservacdo ambiental. Neste estudo, o semicondutor molibdato
de bismuto (BMO) modificado com lantanio (La) foi sintetizado com diferentes proporgdes em
massa de La:Bi, e estudado como fotocatalisador na reducéo fotocatalitica e fotoeletroquimica
de CO.. A andlise da composi¢do quimica confirmou uma relacdo experimental de La:Bi
préxima da tedrica desejada nos fotocatalisadores. A adicdo de La alterou na cristalinidade dos
materiais, com uma diminui¢do no tamanho dos cristalitos associada a segregacao ionica de
La®" nas interfaces dos grdos, conforme evidenciado por refinamento Rietveld, caracterizagio
da area de superficie especifica e célculo da area das interfaces dos grdos. A segregacdo de La
também influenciou a morfologia, resultando em uma reducdo no didmetro e na espessura das
nanoplacas de BMO com o aumento do teor de La. A técnica XPS confirmou alteragbes na
estrutura eletronica local da superficie dos atomos de Bi e Mo na rede de BMO. Isso foi
evidenciado pelo deslocamento para energias de ligacdo mais elevadas nos picos de Mo 3d e
Bi 4f nas amostras dopadas com La. Os graficos de Tauc revelaram valores de bandgap
semelhantes, com uma tendéncia de reducdo a medida que o teor de lantanio aumentava. Para
a reducdo fotocatalitica de CO, em fase liquida, os resultados destacaram o desempenho do
fotocatalisador 0,5La-BMO como o mais eficaz na producdo de etanol (~3,5 pumol/gca) €
metanol (~25 pmol/gcat). J& em fase gasosa, a amostra de BMO ndo modificada demonstrou um
desempenho superior em comparagdo com as demais, alcangando formagdo de mais de 7

HUmMol/gcat de CO e 4 umol/geat de CH4 apds 5 horas de irradiacdo. Adicionalmente, fotoeletrodos
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de La-BMO foram sintetizados por meio da técnica de drop casting. O processo de inclusdo de
La induziu mudangas nas propriedades eletrdnicas e fotoeletroquimicas dos materiais,
resultando em uma significativa reducdo da resisténcia a transferéncia de carga na interface
semicondutor/eletrélito, cujo menor valor foi observado na amostra de propor¢do em 1:1 em
massa La:Bi. Além disso, a estrutura de bandas eletrdnicas foi investigada e todas as amostras
sintetizadas revelaram potencial para producdo direta de metanol e etanol a partir de CO..
Devido a melhor resposta na eficiéncia fotoeletroquimica, com aumento na densidade de
corrente de 90% em relagdo a amostra pura, identificou-se a composi¢do 1La-BMO como
fotocatodo mais promissor. A amostra foi selecionada para o estudo de fotoestabilidade e
mostrou flutuacdes na corrente ao longo de 5 horas de medida sob iluminacdo em potencial de
-0,6 V vs Ag/AgCI, indicando a necessidade de melhorias no eletrodo para aplicagfes
prolongadas. Esses resultados destacam o potencial significativo do material BMO modificado

com La para aplicacGes fotoquimicas e fotoeletrocataliticas para reducdo de COx.
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ABSTRACT

The continuous use of fossil fuels raises serious concerns due to their significant CO2
emissions, which have global environmental, social, and economic impacts. In response,
research and development of renewable technologies such as photovoltaic cells and
photoelectrochemical cells are highlighted to reduce dependence on fossil fuels and mitigate
negative impacts, reflecting efforts towards sustainable solutions aligned with environmental
preservation.

In this study, lanthanum (La)-modified bismuth molybdate (BMO) semiconductor was
synthesized with different mass ratios of La and studied as a photocatalyst in the photocatalytic
and photoelectrochemical CO: reduction. Chemical composition analysis confirmed an
experimental La ratio close to desired theoretical ratio in the photocatalysts. The addition of La
altered the materials crystallinity, with a decrease in crystallite size associated with La®* ionic
segregation at grain interfaces, as evidenced by Rietveld refinement, specific surface area
characterization, and grain interface area calculation. La segregation also influenced the
morphology, resulting in diameter and thickness reduction of BMO nanoplates as La content
increased. XPS technique confirmed changes in the local electronic structure of Bi surface and
Mo atoms in the BMO lattice. This was evidenced by a shift to higher binding energies in the
Mo 3d and Bi 4f peaks in La-doped samples. Tauc plots revealed similar bandgap values, with
a trend of reduction as lanthanum content increased. For the liquid-phase photocatalytic
reduction of COg, the results highlighted the 0.5La-BMO photocatalyst as the most effective in
producing ethanol (~3.5 pumol/gca) and methanol (~25 pmol/gea). In the gas phase, the
unmodified BMO sample showed superior performance compared to the others, achieving the
formation of more than 7 pmol/gcat of CO and 4 pmol/gear of CH4 after 5 hours of irradiation.
Additionally, La-BMO photoelectrodes were synthesized via the drop casting technique. The

inclusion of La induced changes in the electronic and photoelectrochemical properties of the
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materials, resulting in a significant reduction in charge transfer resistance at the
semiconductor/electrolyte interface, with the lowest value observed in the sample with a 1:1
mass ratio of La. Furthermore, the electronic band structure was investigated, and all
synthesized samples revealed potential for direct production of methanol and ethanol from CO-.
Due to the better photoelectrochemical efficiency, with a 90% increase in current density
compared to the pure sample, the 1La-BMO composition was identified as the most promising
photocathode. This sample was selected for photo-stability study and showed fluctuations in
current over 5 hours of measurement under illumination at a potential of -0.6 VV vs Ag/AgCl,
indicating the need for electrode improvements for prolonged applications. These results
highlight the significant potential of La-modified BMO material for photochemical and
photoelectrocatalytic CO> reduction applications. Additionally, La-BMO photoelectrodes were
synthesized using drop casting technique. The inclusion of La induced changes in the electronic
and photoelectrochemical properties of the materials, resulting in a significant reduction in
charge transfer resistance at the semiconductor/electrolyte interface, with the lowest value
observed in the 1:1 La:Bi mass ratio sample. Furthermore, through XPS-collected valence band
spectrum, electronic band structure could be investigated, and all synthesized samples showed
potential for direct CO- conversion into methanol and ethanol.

Due to the better response in photoelectrochemical efficiency, with a 90% increase in
current density compared to the pure sample, the 1La-BMO composition was identified as the
most promising photocathode, which also achieved the best results in obtained photon-to-
current conversion efficiency calculations. The sample was selected for the study of film photo-
stability and showed fluctuations in current over 5 hours of measurement under illumination at
a potential of -0.6 V vs Ag/AgCl, indicating the need for improvements in the electrode for
prolonged applications. These results highlight the significant potential of La-modified BMO

material for photochemical and photoelectrocatalytic applications for CO> reduction.
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