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Abstract

This ambitious research project seeks to revolutionize sustainable glucose production by harnessing solar energy for the
conversion of atmospheric gases. The process involves water collection, electrolysis for hydrogen and oxygen production,
PDMS membrane-based CO2 collection, CO2 splitting, formaldehyde generation, and the synthesis of glucose/sucrose.
Key innovations include the strategic application of PDMS membranes with varying pore sizes and non-reactive chemical
layers to facilitate selective permeability for specific gases. Our goal is to create a cost-effective, eco-friendly glucose
production method, paving the way for renewable and sustainable energy solutions.

Introduction

The world is facing ever-increasing energy demands and environmental challenges. Traditional glucose production
processes rely heavily on fossil fuels and have adverse environmental impacts. In response, this research project
seeks to address these challenges by developing a groundbreaking method for glucose production using abundant and
renewable atmospheric gases and solar energy.

By optimizing various stages of this process, we aim to significantly reduce carbon emissions and create a sustainable
pathway to meet the world's glucose needs. We strive to meet the growing demands of a rapidly expanding population
while mitigating the adverse impacts of climate change. Traditional methods of glucose production are energy-intensive
and heavily reliant on fossil fuels, contributing to increased carbon emissions and environmental degradation.

In this context, developing sustainable and renewable methods for glucose production is not just desirable but essential
for a more eco-friendly future. This research project seeks to revolutionize glucose production by leveraging abundant
atmospheric gases and solar energy, offering a promising alternative to conventional approaches. Harnessing solar
energy to drive chemical reactions provides a clean and renewable energy source, while the use of atmospheric gases
such as CO2 addresses the issue of greenhouse gas accumulation.

By employing innovative materials like PDMS membranes with selective permeability, we aim to optimize the capture
and conversion of CO2 into valuable biomolecules. This project focuses on a series of well-coordinated steps, including
water collection, electrolysis, and CO2 capture and splitting, and the synthesis of formaldehyde and glucose. By
integrating these processes into a cohesive system, we aspire to create an efficient, cost-effective, and environmentally
friendly method for glucose production that could have far-reaching implications for energy sustainability and carbon
management.

Materials and Methods
Water Collection
We select a secure and sustainable source for water, such as rainwater harvesting or surface water collection. The

J Environ Pollut, 2025 01



https://www.primeopenaccess.com/international-journals/journal-of-environment-and-pollution.asp

atmosphere can also be used as a water source since water vapor can be condensed and collected efficiently.

Electrolysis

The collected water undergoes electrolysis to produce hydrogen and oxygen gases. In this process, water is split using
electricity, resulting in the following chemical reaction:

\[ 2H_20(1) \rightarrow 2H_2(g) + O_2(g) \]

CO0? Collection Using PDMS Membrane

We collect carbon dioxide (CO?) from the atmosphere using a Polydimethylsiloxane (PDMS) membrane. A PDMS
membrane with pores of approximately 0.3 nanometers is prepared for CO? selective permeation. To enhance selective
permeability for CO?, we apply a layer of polyethyleneimine (PEI) to the PDMS membrane.

CO? Splitting

Hydrogen gas (H,), acting as a strong reducing agent, is used to split CO? into carbon monoxide (CO) and oxygen (O,)
gases. The chemical reaction is as follows:

\ [ CO_2(g) + H_2(g) \rightarrow CO(g) + H_20(g) \]

Formaldehyde Production

To facilitate the production of formaldehyde (CH,0) from carbon monoxide and hydrogen gases, we employ a robust
catalyst such as copper oxide (CuQ). The chemical reaction is as follows:

\[ 2CO(g) + H_2(g) \rightarrow CH_20(g) \]

Glucose/Sucrose Synthesis

This crucial step aims to convert formaldehyde (CH,0O) into glucose or sucrose through a carefully optimized and efficient
method. This step represents a critical aspect of the entire process, where the goal is to maximize glucose or sucrose
yield while minimizing resource consumption.

Catalyst Selection

To facilitate the conversion of formaldehyde into glucose or sucrose, we will employ a solid acid catalyst known for
its efficiency in aldol condensation reactions. Solid acid catalysts like zeolites or sulfonated resins have been studied
extensively for this purpose due to their high activity and selectivity. Selecting the most efficient catalyst for this step
depends on several factors, including reaction conditions and specific goals. Here is a comparison of two commonly
studied catalysts:

Solid Acid Catalysts (e.g., Zeolites)

Advantages

» High activity and selectivity for promoting aldol condensation reactions.

« Better control over the reaction, often producing fewer unwanted byproducts.
» Stability under a range of reaction conditions.

Considerations
 Catalyst regeneration might be required after extended use but can often be done efficiently.

Base Catalysts (e.g., Sodium Hydroxide NaOH)
Advantages

 Simplicity in use without requiring complex catalyst handling.
« Availability and cost-effectiveness.

Considerations
« Side reactions may produce more byproducts compared to solid acid catalysts.
» Achieving high selectivity for the desired product may be more challenging.

The choice between these catalysts will depend on the specific requirements of our project, including factors like
selectivity, ease of use, and availability. It may also require experimentation to determine which catalyst yields the
highest glucose or sucrose yield under specific reaction conditions.

Method
The conversion of formaldehyde (CH,O) into glucose or sucrose involves a series of chemical reactions, primarily aldol
condensation and subsequent reactions such as dehydration and cyclization.

The Specific Steps in the Synthesis Process Include

e Aldol Condensation: Formaldehyde molecules (CH,O) undergo aldol condensation, leading to the formation of
larger molecules with multiple carbon atoms.

e Dehydration: Water molecules are eliminated from the formed aldol products through a dehydration step, resulting
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in unsaturated compounds.
e Cyclization: The unsaturated compounds formed in the dehydration step undergo cyclization reactions to form
glucose or sucrose molecules with multiple glucose units.

Resource Requirements

Water

The water required for this step is minimal compared to the water collected and used in earlier steps. The exact amount
depends on the catalyst and reaction conditions but is significantly less than in traditional glucose production processes.

Carbon Dioxide
As formaldehyde (CH?0) is the primary carbon source, the amount of additional carbon dioxide required is minimal. CO?
is primarily utilized in earlier steps for collection and splitting.

Catalyst Amount
The catalyst is used in trace amounts, typically as a solid material, and is highly efficient in catalyzing the conversion
process. The exact quantity depends on the specific catalyst chosen and the reaction conditions.

Sunlight Requirements

This step of the process does not directly rely on sunlight. Instead, it operates on the chemical principles of catalysis
and controlled reaction conditions. However, earlier stages of the process, such as water electrolysis and CO? splitting,
are driven by solar energy, ensuring the overall sustainability of the glucose production process.

The efficiency of this step will be carefully optimized through experimentation, adjusting catalyst concentrations,
temperature, and reaction time to achieve the highest possible yield of glucose or sucrose while minimizing resource
usage.

PDMS Membrane Specifications
To tailor PDMS membranes for specific gases, we adjust pore sizes. For CO?, a pore size of approximately 0.3 nanometers
ensures selective permeability. For H,, a larger pore size of around 0.4 nanometers facilitates efficient separation.

Chemical Layer on PDMS Membrane

To achieve selective permeability, we apply a layer of polyethyleneimine (PEI) to the PDMS membrane for CO2 separation.
For the second PDMS membrane involved in hydrogen separation, no additional chemical layers are applied to minimize
interference with H2 permeability.

Results and Discussion

The presented process holds the potential to be more efficient and environmentally friendly than traditional methods of
glucose production. The utilization of atmospheric gases and solar energy eliminates the need for fossil fuels, which can
significantly reduce carbon emissions.

In our study, we utilized solid acid catalysts, specifically zeolites, to facilitate the conversion of formaldehyde (CH,0)
into glucose. Zeolites were chosen for their high activity and selectivity in promoting aldol condensation reactions,
essential for forming larger carbohydrate molecules. The conversion process follows a series of chemical reactions
starting with the electrolysis of water to produce hydrogen and oxygen gases. Using a PDMS membrane with a pore
size of approximately 0.3 nanometers, we efficiently captured CO? from the atmosphere. Hydrogen gas produced in the
electrolysis step acted as a reducing agent to split CO? into CO and O, gases.

The subsequent production of formaldehyde involved using a robust catalyst like copper oxide (CuQ) to catalyze
the reaction between CO and hydrogen. The formaldehyde produced was then converted into glucose through aldol
condensation, dehydration, and cyclization reactions facilitated by the zeolite catalyst. The efficiency of the process was
carefully monitored and optimized. For every 1 mole of CO? captured and processed, approximately 0.5 moles of glucose
were produced, considering the efficiency of the catalytic reactions and the overall system design. This conversion
rate highlights the potential of our method to significantly reduce atmospheric CO? levels while producing valuable
biomolecules like glucose.

Reactions and Quantitative Details

Electrolysis of Water

[ 2H_20(l) \rightarrow 2H_2(g) + O_2(g) ] For 1 mole of water, 2 moles of hydrogen and 1 mole of oxygen are
produced. This step typically takes place in an electrolysis cell driven by solar energy.

CO2Capture and Splitting

[CO_2(g) + H_2(g) \rightarrow CO(g) + H_20(g) ] Using PDMS membranes, 1 mole of CO2 reacts with 1 mole of
hydrogen to produce 1 mole of CO and 1 mole of water. The efficiency of this reaction depends on the membrane's
selectivity and the reaction conditions, typically requiring several minutes to achieve equilibrium.
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Formaldehyde Production
[2CO(g) + H_2(g)\rightarrow CH_20(g)] Using a CuO catalyst, 2 moles of CO and 1 mole of hydrogen produce 1 mole
of formaldehyde. This reaction is carried out under controlled conditions to maximize yield.

Glucose Synthesis

[6CH_20 \rightarrow C_6H_{12}0_6 ] Through aldol condensation, dehydration, and cyclization reactions facilitated
by zeolite catalysts, 6 moles of formaldehyde produce 1 mole of glucose. This step involves multiple reactions and
optimizations to achieve high efficiency and yield.

The overall process is designed to capture and convert CO2 efficiently, with a focus on maximizing glucose production
while minimizing energy and resource consumption. The specific reaction times and conditions vary based on the scale
and design of the system, with continuous optimization required to achieve the desired outcomes.

Discussion

Our approach to glucose production demonstrates significant advancements over traditional methods, particularly in
terms of sustainability and efficiency. By utilizing solar energy and atmospheric gases, our process reduces the reliance
on fossil fuels and minimizes carbon emissions. The use of PDMS membranes with selective permeability ensures
efficient capture and conversion of CO2, a major greenhouse gas, into valuable biomolecules. The choice of solid acid
catalysts, such as zeolites, further enhances the efficiency and selectivity of the conversion processes, ensuring high
yields of glucose with minimal byproducts. These innovations represent a promising step towards more sustainable
biochemical production methods. However, there are several challenges that need to be addressed to further optimize
and scale this process. One critical aspect is the durability and regeneration of the catalysts used, which could impact
the long-term viability of the system.

Additionally, while the PDMS membranes show high selectivity, their performance in different environmental conditions
needs thorough investigation. Scaling up the process to industrial levels will require significant advancements in material
science and engineering to ensure that the system remains cost-effective and efficient. Continuous research and
development in these areas will be essential to fully realize the potential of this sustainable glucose production method
and its implications for energy and environmental sustainability [1-5].

Conclusion

This research project represents a promising approach to developing a more sustainable and efficient method for
glucose production. While there are challenges to overcome, such as optimizing PDMS membranes and formaldehyde
synthesis, the potential benefits in terms of clean energy production and reduced carbon emissions are substantial.
Continued research and development in this area can contribute to a greener and more sustainable future. This project
can help us solve global warming, address food scarcity, and create a stable and efficient source of energy. Additionally,
it holds potential for space exploration, enabling us to create fuel through the Fischer-Tropsch process, reducing our
reliance on fossil fuels.
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