Est. 1984

ORIENTAL JOURNAL OF CHEMISTRY

An International Open Access, Peer Reviewed Research Journal

www.orientjchem.org

ISSN: 0970-020 X
CODEN: OJCHEG
2020, Vol. 36, No.(4):
Pg. 788-791

Brief Communication

A Simple, Green Approach Towards Detecting Pollutant Gases
Using Flower Pigments from Anthurium andreanum

RACHELLE JENINE D. ABUEL and VOLTAIRE G. ORGANO*

Department of Physical Sciences and Mathematics, College of Arts and Sciences,
University of the Philippines, Manila, Philippines.
*Corresponding author E-mail: vgorgano @ up.edu.ph

http://dx.doi.org/10.13005/0jc/360427

(Received: April 23, 2020; Accepted: July 05, 2020)

ABSTRACT

A simple and green approach towards detecting pollutant gases was developed using flower
pigments derived from Anthurium andreanum. A drastic color change was observed when flower
extracts, either in solution or adsorbed onto silica gel, were exposed to sulfur dioxide and nitrogen
dioxide gas. Only a slight color change was observed for carbon dioxide. These results may be
attributed to possible acid-base interaction and bisulfite addition or nitration to anthocyanin pigments

in response to pollutant gases.
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INTRODUCTION

Pollutant gas may be described as any
substance that would alter the chemical and biological
properties of the atmosphere, causing injury or harm
to the natural resources. Major gas pollutants include
CO,, CO, SO,, NO,, volatile organic compounds
(VOCs), and particulate matter." Increased amounts
of these pollutant gases have led to health and
environmental concerns.?® Hence, the identification
and detection of pollutant gases remain to be the first
step in monitoring and mitigating their effects.

Various gas-sensing technologies have
been developed over time.* One of the emerging
solutions for detecting pollutant gases is through
naked-eye detection. In the past decade, Suslick

and co-workers®¢ developed colorimetric arrays
using metalloporphyrin dyes, pH indicators,
and solvatochromic dyes for the detection and
identification of volatile organic compounds and
other toxic gases. These detection methods were
based on simple chemo-sensing principles, such as
acid-base interactions, metal-ligand complexation,
and noncovalent interactions. A much simpler
approach, however, makes use of pH indicators
to detect specific gases. For example, Mills and
co-workers”® developed a CO,-sensing ink and film
based on m-cresol purple as an indicator.

A “greener” approach to gas detection
is based on natural pigments. In 2014, Bernardo
and Organo® have demonstrated that chlorophyll
extracted from leaves can be used to detect NO,
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gas. The chlorophyll either in ethanolic solution
or absorbed into filter paper changed color from
green to yellow-brown upon exposure to NO, gas.
On the other hand, Solomon and co-workers™ used
anthocyanin extracts from red cabbage as a sensing
reagent for SO, gas. The purple extract turned pink
then colorless upon exposure to SO, gas. This
indicates the potential application of anthocyanin
dyes for gas sensing.

Here, we demonstrate the possible use
of natural pigments from flowers, specifically,
Anthurium andreanum in detecting pollutant gases
80,, NO,, and CO,. The method presented here is
simple, uses readily available reagents, and does
not require expensive equipment for gas sensing.

EXPERIMENTAL

All reagents and chemicals used were
analytical grade and purchased from commercial
sources. Solvents were used without any purification.

Preparation of pigments in solution

Approximately 50 g of washed Anthurium
andreanum petals were soaked in 250 mL reagent-
grade ethanol. The mixture was stored inside the
refrigerator for 24 hours. The filtrate was then
collected and stored in amber bottles.

For gas sensing, 5 mL of crude extract was
transferred to a 20 mL vial. 100 pL of 0.1M NaOH was
then added to produce a purple-colored solution.

Preparation of pigments in silica gel

3 g of silica powder was immersed in about
2 mL of the crude extract. The silica gel was air-
dried under a fume hood until a blue-colored powder
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was obtained. 0.2 g of silica powder samples were
then transferred to four (4) separate 20 mL vials for
gas exposure.

Exposure of pigments to analyte gases
Production of gases was done in 20 mL
vials and performed under the fume hood for safety
purposes. SO, and NO, gases were generated
based on procedures described by Solomon et al.,
with slight modifications.’® Concentrated HCI (6M)
was carefully added to 0.1 g of sodium bisulfite
(NaHSO,) to produce colorless SO,. Likewise,
amber-colored NO, gas was produced upon the
slow addition of concentrated HNO, to a small piece
of copper wire. CO, gas was generated by carefully
adding concentrated HCI (6M) to 0.1 g sodium
bicarbonate (NaHCO,). Each gas was introduced
directly to the flower extract in solution or silica gel
using a syringe. Color changes were then noted.

RESULTS AND DISCUSSION

Several studies have supported the use
of flowers as natural indicators since their colors
easily change with pH."'2 Anthocyanins found in
flower extracts are believed to be responsible for
the color transformation. These compounds tend to
undergo several structural forms with varied colors
depending on the pH of the solution (Fig. 1)."* The
red flavylium cation is the predominant form in very
acidic solutions (pH < 3). The carbinol pseudo base
is colorless but tends to rearrange into a yellow
chalcone at pH 3-6. The formation of a purple neutral
quinoidal base occurs at pH 6-8 while a blue anionic
quinoidal base transpires at pH >8. The anthocyanins
can thus serve as a sensor for water-soluble analytes
via acid-base reactions™.
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Fig. 1. Various forms of anthocyanins in response to pH
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Gas sensing in solution

In this study, anthocyanins found in
flower extracts of Anthurium andreanum'' were
investigated for its potential use as an indicator for
pollutant gases SO,, NO,, and CO,. The flower extracts
were observed to change color instantaneously upon
exposure to gases, as shown in Figure 2.

control  +S0; +NO, +CO,

Fig. 2. Ethanolic flower extracts upon exposure to
S0,, NO,, and CO,

Exposure of the crude extract to SO, led
to a color change from purple to bright red. This
qualitative observation suggests that the pigments
shift to their acidic color. SO, gas may have reacted
with small amounts of water in the ethanolic solution
to produce H,S0O,, as explained by Solomon.°

SO, +H,0 = H,SO,, = H* .o + HSO; .y

aq)

At the onset of lowering the pH, the
protonated monomeric form (flavylium cation) of
the pigments in Anthurium predominates, thus,
exhibiting a bright red coloration.'®

Similarly, exposure of the crude extract
to NO, led to a shift in the pigment’s acidic color
(bright red). NO, may also have reacted with water,
according to the reaction below, to produce acidic
species.'® This may cause a decrease in the pH of
the solution and the corresponding color change.

2NO,, +H,0 = 2H"_ +NO, . +NO, .

On the other hand, exposure of the extract
to CO, does not exhibit a prominent color change
in the solution. Even though CO, can react with
water, the carbonic acid formed is weaker (pK , =
6.35) compared to sulfurous acid (pK,,= 1.89) and
nitrous acid (pK = 3.29)."® As a result, the amount of
hydronium ions produced in solution is not sufficient

enough to shift the equilibrium of anthocyanin
towards the flavylium form.

790

Gas sensing in silica gel

While color changes were observed at
the onset, the pigments were found to be unstable
in solution, as observed by further color change
through time. It was, therefore, necessary to stabilize
the color of the flower extract for the duration of
the study. Silica gel proved to be an excellent solid
medium for this purpose. Mixing the extract with silica
gel produced a blue powder on drying. This powder
was then exposed to gases, resulting in varied colors
depending on the gas (Figure 3).

+C02

+502
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Fig. 3. Flower extracts in silica gel upon exposure to
S0,, NO,, and CO,

For SO, gas, the silica gel turned pink
instantly. This color change was not observed in
solution under the same conditions. However,
Solomon and co-workers'® also observed a similar
pink color when anthocyanin from red cabbage was
exposed to SO, gas. The color may be attributed to
the formation of the flavylium cation at low pH which
was then decolorized by SO, It has been proposed
in previous studies that the bisulfite ion formed may
undergo a reversible addition to the aglycone core
of the anthocyanin, forming a colorless bisulfite
adduct (Figure 4).1017

OH
Fig. 4. The reaction of bisulfite ion with anthocyanin

A yellow-colored powder is obtained upon
the reaction of NO, with the pigments in silica gel.
Unlike in solution, NO, may have reacted differently
with the flower pigments in silica gel. Nitration of
the aromatic moieties of the pigments may have
taken place other than the acid-base reaction.
Studies on the nitration of natural pigments to
form yellow-colored products have been reported
in literature.%181°
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On the contrary, exposing the pigment with
CO, using silica gel slightly changes the blue-colored
pigment to a purple hue. The color change, however,
was not very apparent. This observation may be
attributed to a weak acid-base interaction with the
flower pigments, similar to that in solution.

CONCLUSION

In conclusion, a simple and cheap
colorimetric indicator for pollutant gases based on
natural pigments was developed. The pigments can
be obtained easily from the flowers of Anthurium
andreanum, and can be used either in solution or
adsorbed onto silica gel. The flower extracts were
found to be responsive towards SO, and NO, gases.
Only slight color changes were observed for CO,,.

Thus, this method presents a “green” approach
towards the development of “naked-eye” detection
of 80, and NO, gases. It also demonstrates the
destructive effect of these pollutant gases on flower
pigments. Further work will be directed towards
improving the detection limit and applying it as a
sensor for environmental monitoring.
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