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Introduction
This project aims to create a portable and
inexpensive chemical detector using cotton threads
dyed with special pigments. These pigments perform
a core function in this project due to their ability to
change color when exposed to hazardous chemicals.
This colorimetric property is important to study
because the ability to distinguish and characterize
those color changes allows for the identification of
chemicals. This paper will cover the need for
chemical detection, current chemical detectors, and
then it will examine the pigments we utilized.

The Need
Chemical detection is important in industrial
factories, rural and local farmland, urban cities, and
more. There are many industries where precise and
accurate chemical detection systems can help save
lives and prevent injuries. For example, in the
dangerous working environment of a mine,
hazardous gasses can fill the mine shafts during the
mining process. Early detection of such gasses can
lead to a more successful evacuation and a proper
mitigation. Another example is in farmland where
runoff and other waste waters that are too toxic can
harm animal life, increase erosion, and harm human
life. Detection of dissolved chemicals can help
farmers to adjust their use of fertilizers to minimize
these negative effects.
Modern chemical detection methods are able to
meet the needs of many industrial factories but their
complexity and high cost can make then
inaccessible to low income communities and farms.

For example, water quality testing requires plethora
of testing chemicals, equipment and procedures. Air
monitoring systems can be extremely costly and not
portable.
Previous Work
This project is not the first to use such dyes to
detect various chemicals. (Lim, Feng, Kemling,
Musto, & Suslick, 2009) describes a method in
which an array of color changing pigments is
arranged on paper. Various forms of electronic
“nose” sensors have been implemented on paper
with differing sensor reading equipment.
We will base our project on technology
developed in Owyeung, Panzer, & Sonkusale,
(2019), which describes a method for the dyeing and
treatment of cotton threads for use as sensors.
The detection of hazardous chemicals can be done
through the use of several types of dyes. Commonly
used ones include Bronsted acidic or basic dyes,
Lewis acidic or basic dyes, redox responsive dyes,
or dyes with large permanent dipoles including
solvatochromic or zwitterionic dyes (Owyeung, et
al, 2019).

The Dyes Used
Bromothymol Blue
BTB, for short, is a common pH indicator that is
used to measure substances that are close to a
neutral pH. The colors range from a light yellow at a
pH of 6.0 to blue at a pH of 7.6. It can also turn
magenta in a highly acidic solution.

.

Brilliant Yellow
Brilliant yellow is a commonly used azo dye and pH
indicator. It was a color range from yellow at pH of
6.5 to red-orange at 8.0. It has uses as a biosensor, an
anti-fungal agent, and an anti-AIDS agent. It has a
peak light absorption at 497 nm.

Conclusion

Figure 1. A sample of the cotton threads in the dyeing
process.

Bromocresol Purple
Bromocresol purple is a dye in the triphenylmethane
family and a pH indicator. It is colored yellow below
pH 5.2, and violet above pH 6.8. It absorbs light well
at 419 nanometers.

The information presented about the various dyes is
incomplete in how it can be directly used for our
project. In order to characterize the color changes, we
need to run several strict tests with solutions of a
desired pH in order to take images of each dye and its
color range. We would then need to extract the color
data as RBG values in order to finish the
implementation of the project. This information will
serve as a general guideline about how to test and
calibrate the project

Neutral red
Neutral red is eurhodin dye. It is commonly used as
a stain in biological applications. It color range goes
from red to yellow between a pH of 6.8 to 8.0,
respectively.
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