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Abstract: We report on an inexpensive and very selective gas sensor implemented by simply 
combining colorimetric indicators casted on top of acetate-based transparent tape, with a 
commercial microchip adapted here to measure optical reflectance. This sensor can be easily 
reproduced (leading to quantitatively consistent results), refreshed and reconfigured to sense 
different target gases replacing only the colorimetric tape. The device may either work as sensor 
(CO2 and NH3) or dosimeter (Formaldehyde) depending on the targeted gas. 
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1. Introduction 

Colorimetric methods put at our disposal a wide arsenal of compounds and reaction 
mechanisms to address specific gaseous molecules. These techniques offer unbeatable levels of 
selectivity and specificity towards the target species. Regarding their readout, spectrophotometers 
offer a detailed view of the changes developed in the light absorption spectra of these indicators, but 
they are bulky and practicable only for research purposes or high-end applications. To achieve a 
continuous readout and compact form factors, development must be focused on miniaturized 
systems that measure color changes at specific spectral ranges [1,2]. Even though many different 
configurations have been proposed, most are based on confronting a narrow-spectrum light source 
with a photodetector. To maximize their sensitivity to small color changes, enlarging the optical path 
from the emitter to the detector through the indicator medium is the preferred option [3–5]. 
Consequently, the integration of the different components, especially concerning their optical 
alignment, is challenging. Additionally, the efforts in miniaturization complicate refreshing the 
indicator substances, which are prone to degradation over time. In summary, the continuous readout 
of colorimetric indicators still raises a set of inconveniences. 

2. Description of the New Method 

Here, we propose an easy-to-implement approach to colorimetric detection of gases that 
combines the following advantages: (1) it is based on easily accessible, off-the-shelf commercial 
components; (2) it is compatible with a wide range of colorimetric indicators, operating at different 
wavelengths; (3) it is easily resettable/refreshable with good stability in a time frame of weeks, and 
(4) offers an excellent repeatability among devices. Our gas sensor is based on the MAX30105 
component. This integrated microsystem encloses a set of 3 internal LEDs (red, green and infrared), 
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a broad band photodiode and the corresponding control, driving, acquisition and communication 
modules. We use this device to excite and monitor the indicator in reflection configuration. 

To integrate the indicators on the readout chip, we spin coated each indicator on conventional 
Scotch tape. Then, the indicator-carrying pieces of tape were transferred to the readout MAX30105 
chip by attaching the tape directly on the chip glass surface (Figure 1). 

 
Figure 1. (a,b) Optical images of the MAX30105 component covered with a colorimetric tape. (c) A 
detailed image of the sensor chip with the red, green and IR LEDs and the photodetector. (d) Scheme 
of the proposed configuration: the photodetector will measure  the reflected light and  the 
transmitted light through the colorimetric tape (i.e., absorbance of the color indicator). 

3. Experimental Results 

Figure 2 shows a summary of the responses to NH3 and CO2 obtained. NH3 concentrations 
ranging from 2.5 to 25 ppm were measured, with responses up to 10%. The CO2 concentrations first 
investigated ranged from 2.5% to 50%, with responses up to 12%. Based on a signal-to-noise analysis, 
lower detection limits could be estimated in 1 and 200 ppm for NH3 and CO2, respectively. To 
demonstrate the selectivity of the here-proposed sensors, both devices were exposed to mixtures 
containing NH3 and CO2 simultaneously (Figure 2a). Clearly, each indicator responded exclusively 
to its target gas, without being affected by the other one (no cross-interference). Similar interference 
experiments were carried out with other gases (ethanol, CH4) leading to identical conclusions (Figure 
2b). We must insist on the fact that the gas sensor behavior of our devices is completely determined 
by the colorimetric indicator. To illustrate this, we modified the formulation of the CO2 indicator to 
measure lower concentrations, which are of interest in environmental applications (25–500 ppm). 
Concerning repeatability, the technology also shows an exemplary comparison of the signals 
obtained with tow devices produced in the same batch. Despite its apparent simplicity, this approach 
offers very consistent and reproducible results among manually assembled devices. 
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Figure 2. Dynamic response of the NH3 (blue line) and CO2 (red line) colorimetric sensors under 
different concentrations and cross-interference experiments (a) between them (b) and with methane 
(CH4) and ethanol (C2H6O). Lower panels show the response values and times for both sensors (circles 
and minutes) together with the responses obtained in the cross-interference experiments (horizontal 
lines). Data acquired with the green LED operating at 41 mW. 
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