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Abstract: Carbon dioxide is considered a greenhouse gas and is the main cause of global warming.
CO2 emissions have increased more and more each year. It is therefore important to be able to detect
these levels of CO2 at room temperature. Chemical sensors consisting of FR-4 substrates with four
membranes on which Fe2O3, SnO2, ZnO, and CuO nanoparticles have been deposited, were used in
this experiment. The method used to create the sensors was the drop-casting technique. Two types
of experiments were performed using these sensors, with each measurement considering a relative
humidity value of either 0% or 50% in air. Based on the results, we have observed a significant
improvement in detection for measurements with humidity. These sensors can detect concentration
as low as 250 ppm with 50% humidity, compared to 700 ppm without humidity in air.
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1. Introduction

Humans emit large amounts of carbon dioxide (CO2) mainly by burning fossil fuels
such as coal, natural gas, and oil for energy production, transportation, as well as for
industrial processes. The increase in these CO2 emissions causes the sun’s heat to be
trapped in the atmosphere, leading to the climate crisis.

The current outdoor concentration of CO2 is around 400 ppm, but indoor concentra-
tions can rise to between 2000 and 3000 ppm. Moreover, although this gas is not as harmful
to humans as carbon monoxide (CO), levels of CO2 between 800 and 2000 ppm can cause
headaches, tiredness, and loss of concentration.

Performing this experiment using rapid and low-cost techniques allows for the devel-
opment of fast and economical sensors. The FR-4 substrates and compounds used are very
affordable in terms of cost. Thanks to the UV led activation, these sensors do not require
heating methods, therefore they can be easily used at room temperature.

2. Materials and Methods

The starting material was nanoparticles of Tin(IV) oxide with particle size below
100 nm, and Zinc oxide, Iron(III) oxide, and Copper(II) oxide with particle size below
50 nm, all supplied by Sigma–Aldrich (St. Louis, MO, USA).

The sensitive layers were formed creating dispersions of the metal oxide NPs, which
were prepared in deionized water at a concentration of 2.5 mg/mL. They were deposited
by drop-casting [1] on FR-4 substrates with interdigitated electrodes.

3. Discussion

In this project, the best responses were achieved with the SnO2 and ZnO sensors,
whereas the responses were poor when using Fe2O3 and CuO oxides. As shown in Figure 1,
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the response was significantly better in humid air, with a response almost twice as good as
that obtained in dry air.
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Figure 1. Response curves of the SnO2 and ZnO sensors to different CO2 concentrations at room 

temperature: (a) response curves in dry air (without humidity); (b) response curves in wet air 

(with 50% humidity). 
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Figure 1. Response curves of the SnO2 and ZnO sensors to different CO2 concentrations at room
temperature: (a) response curves in dry air (without humidity); (b) response curves in wet air (with
50% humidity).

In this experiment, measurements were conducted to detect other gases such as CO or
methane, but the best sensitivity values were obtained for CO2 gas.

The sensor response is calculated as the relative resistance change between the resis-
tance measured in air (Rair) and the resistance measured when the gas is present (RCO2 ).

r =
(

Rair − RCO2

Rair

)
× 100 (1)
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