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ABSTRACT

A simple, “green” and colorimetric approach in differentiating various anions is presented.
Acidified ethanolic extracts from flowers of Anthurium andreanum undergo color changes in the
presence of HSO,, CH,COO-, C.H.,COO", HCO,, CO.*, HPO > and PO,* anions in aqueous solutions.
Anionic acid-base conjugate pairs such as HCO, and CO,*, HSO, and SO,*, and phosphates
H,PO,, HPO,*, and PO * can also be discriminated from each other. Visible spectroscopic analysis
indicates possible structural changes in pigments due to pH change of solution as a consequence

of the basic property of anions.
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INTRODUCTION

Interest in anion recognition has grown in
recent years. This can be attributed to its significance
in biological, chemical and industrial systems.'?
Anion sensors being developed are generally
composed of a recognition unit and a signalling unit.®
For example, anions can bind to a positive site in
the host molecule through electrostatic interaction.
Anions can also interact to its receptor via hydrogen
bonding containing structural moieties such as
amide,* urea,’ thiourea,®” hydroxyl,® sulfonamide,®1°
pyrrole' 2 and indole.'®'* The interaction between

the recognition unit and the anion significantly affects
the signalling unit, leading to changes in color,
fluorescence and/or electrochemical properties of
the chemosensor.® Itis believed that anion detection
depends on a number of factors, namely, basicity of
the anion, geometry and solvent effects.®

While these synthetic chemosensors
provide good selectivity, such approaches require
expensive materials and lengthy procedures for
its synthesis. Moreover, anion sensing is usually
performed in aprotic solvents because protic
solvents can compete with the interaction between
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the receptor and the anion.'® The use of these
organic solvents however poses serious health and
environmental concerns.

On the other hand, natural pigments can
be utilized as green alternatives for molecular
and ion recognition. Recently, Hartwell'” has cited
several studies involving the use of plant-based
reagents for analyses of metal ions, alcohols,
formaldehyde, and H,0,, among others. Such
approaches have been found suitable in teaching
chemical analyses, especially in schools with limited
financial resources.

The most common among these Nature-
based reagents are pigments found in flower extracts.
These plant-based reagents have been commonly
used as acid-base titration indicators.’®2° Other
laboratory experiments have used flower pigments
to demonstrate basic properties of common
household chemicals such as baking soda and
ammonia. However, application of flower pigments
for anion analysis is unprecedented to the best of
our knowledge. This study attempts to differentiate
anionic species based on their ability to act as bases
in aqueous solution through their response to a
flower-based pH indicator. The method presented
here is simple, cheap and environment-friendly.

MATERIALS AND METHODS

Sodium salts of NO, SO >, F, I, CH,COO
(OAc), CH,COO (BzO'), HCO,, CO%, H,PO,,
HPO,> and PO, and potassium salts of SCN,
HSO,, Cl-and Br used in this study were of analytical
grade and the solutions were prepared with distilled
water.

Fifty grams of flower petals from Anthurium
andreanum were washed with distilled water,
macerated or soaked in acidified ethanol (0.1% v/v
HCI), refrigerated for 1 day and filtered. Qualitative
tests were performed to confirm the presence of
anthocyanins, according to published procedures.?'
Two-milliliter aqueous solutions of anion salts, each
having a concentration of 0.010 M, were prepared
in separate vials. One milliliter of the flower extract
was added to each vial. A separate vial which only
contains the flower extract served as control. The
mixtures were then shaken and color changes were
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noted. The absorption spectra of all mixtures were
generated from 700 nm to 300 nm through Hitachi
U-2900 spectrophotometer. The pH of the solutions
prior to addition of the extract was measured using
Hanna Instruments HI 98103 Checker pH meter.

RESULTS AND DISCUSSION

Several studies have been conducted
utilizing pigments from flowers as pH indicators.??
Pigments such as anthocyanins are known to be
influenced by changes in pH, producing varied
colors from red to blue to yellow.?®* For example,
the red-colored flavyliun cation is the predominant
species at pH 1, while the blue quinoidal species
predominates at pH 4. Depending on the pH of the
solution, phenolic hydroxyl groups in the anthocyanin
rings are protonated or deprotonated, shifting the
equilibrium towards the corresponding anthocyanin
form as flavylium cation, quinoidal base, carbinol
pseudobase or chalcone.?* Colors of the pigments
may also vary depending on the substituents and
presence of hydroxyl or alkoxy groups on the
aromatic rings of anthocyanins.?

Anions can act as Arrhenius or Bronsted-
Lowry bases which can alter the pH of a solution or
directly deprotonate phenolic groups of pigments,
and consequently, change the color of pigments.
Thus, anions can be differentiated indirectly from
each other according to its base strength (K). In this
study, flower extracts from Anthurium andreanum
have been applied as a source of pigments which
can be used as potential reagent for differentiating
anions in aqueous solution. Qualitative analysis of
the anthurium extract has confirmed the presence of
anthocyanins. Previous studies have identified these
pigments as glycosylated anthocyanin derivatives
such as pelargonidin and cyanidin 3-rutinoside.?®
These pigments have acidic phenolic groups which
can potentially interact with basic anions and cause
color changes.

Results show that solutions containing
OAc, BzOr, HCO,, and CO,*> changed color after
mixing with anthurium extract (Fig. 1 insert). Color
of the pigments changed from maple to brown. It
was also observed that at the same concentration,
OAc, BzO', HCO, and CO/ differ from one
another through varying intensities of brown color.
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Fig. 1: Absorption spectra of Anthurium flower extracts upon addition of 0.010 M aqueous
solutions of OAc’, BzO", HCO,, and CO,> anions. Insert: Visual color changes of solutions
containing flower extracts and corresponding anions
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Fig. 3: Absorption spectra of Anthurium flower extracts upon addition of 0.010 M aqueous
solutions of HSO, and SO * anions. Insert: Visual color changes of solutions containing flower
extracts and corresponding anions
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Absorbance spectra of the solutions showed a  treated with CO,> exhibited a color change from
slight increase in absorbance at 500 nm for BzZO- maple to dark brown compared to its conjugate
and at 500-600 nm for OAc anion compared to the  acid, HCO, which produced a lighter brown color.
control solution (Fig. 1). Interestingly, the solution  Solutions containing HCO,  or CO_ > exhibited a
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Fig. 4: Absorption spectra of Anthurium flower extracts upon addition of 0.010 M aqueous
solutions of F, CI, Br, I, NO,’, and SCN- anions. Insert: Visual color changes of solutions
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Fig. 5: Absorption spectra of Anthurium flower extracts upon addition of 0.010 M aqueous
solutions of H,PO,, HPO,*, and PO,* anions. Insert: Visual color changes of solutions containing

flower extracts and corresponding anions
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higher absorbance at A__ = 330 nm, 500 nm and
600 nm compared to the extract solution and to
solutions containing OAc™ and BzO- anions. Narciso®
observed a similar increase in absorbance at these
wavelengths when the extract is subjected to alkaline
pH. It was noted that solutions of anions were found
to increase from pH 7 for BzO- and OAc" anions to
pH 9 for HCO, and pH 11 for CO,*. This change in
solution pH may be responsible for the color change
since flower pigments are affected by pH.2* On the
other hand, anions can also interact directly with
pigments in the anthurium extract via acid-base
reaction (Fig. 2). It has been shown previously® that
OAc can provide structural information on several
flavonoids by acting as a Bronsted-Lowry base
against strongly acidic phenolic hydroxyl groups.
Thus, anions such as BzO-, HCO, and CO,* can also
react with anthurium pigments in a similar manner.
The observed color change can be correlated to
the anion’s base strength. According to literature,®
the base strength of the anions is arranged in the
following order: BnO" < OAc < HCO, < CO,*. This
pattern corresponds well with the increasing intensity
of brown color and the corresponding increase in
absorbance from 300 nm to 600 nm.

Another interesting result was noted when
flower extracts were treated separately with the
conjugate pairs, HSO,  and SO ?. It was observed
that HSO,” was able to change the color of the extract
from maple to cherry red. SO,* anion, however, did
not result in a color change. Absorption spectra of the
solution containing SO,* showed a slight increase in
absorbance compared to the control solution (Fig. 3).
This difference however was not significant enough
to be detected by the naked eye. On the other hand,
formation of an absorption band at 510 nm exhibited
by the HSO,-containing solution is consistent with
the observed color change. It was also noted that
similar weak bases such as F-, NO,, SCN, CI, Br
and I did not cause a color change of the pigments as
shown in Fig. 4. Compared to other oxy-anions such
as HCO,, H,PO, and HPO,?*, only HSO, has shifted
the color of the flower extract to a reddish color. This
color change is also produced when the anthurium
extract is placed in slightly acidic pH.?” It has been
noted that the HSO, solution has an acidic pH prior to
addition of the flower extract. In contrast, solutions of
the halides, NO,, SCN-and SO > were found to have
pH 5-6. Hence, it is possible that HSO,” may have
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acted as a Bronsted-Lowry acid instead of a base.
The absorption band produced at 510 nm can be
attributed to the formation of flavylium cation.® The
flavylium cation produces an orange to purple color
and exists predominantly at lower pH. Furthermore,
HSO, anion is a relatively stronger acid compared
to HCO,,, HPO > and H,PO,. This may account
for the selective recognition of HSO, by anthurium
pigments.

Anthurium pigments were also able to
distinguish the different ionic phosphate species
PO,%*, HPO > and H,PO,". Solution containing PO,*
changed the pigment color to dark violet while HPO >
produced a dark brown solution. On the other hand,
H,PO, did not result in a color change with the flower
extract. Absorption spectra for solutions treated with
various ionic phosphate species are shown in Fig. 5.
H,PO, caused an increase in absorbance compared
to the extract solution. This however did not result in
a color change via visual inspection. On the other
hand, a broad band from 460-590 nm, which may
be a product of several overlapping bands, was
observed for HPO 2-treated solution. Presence of
PQO,% anions also led to spectral changes similar to
that for HPO > but with higher absorbances at shorter
wavelengths (below 590 nm). Ability of the pigments
to distinguish the different ionic phosphate species
can also be attributed to the basic properties of these
anionic species. Likewise, the pH of the solution also
increased from pH 6 to pH 12 for H,PO, to PO *. This
corresponds well with the observed color change of
the pigment towards basic solution.?”

CONCLUSION

This study has shown that pigments
in the flowers of Anthurium andreanum can be
employed in differentiating anions in aqueous
solvent. Anthurium pigments undergo various color
changes in the presence of equimolar concentrations
of HSO,, OAc, BzO, HCO,, CO.*, HPO > and
PQO,% anions. The pigments are particularly useful in
differentiating anion acid-base conjugate pairs like
HSO,/S0,*, HCO,/CO 7, and inorganic phosphate
species H,PO,;, HPO > and PO, *. The study also
demonstrates the general utility of natural pigments
as reagents for colorimetric anion recognition
based on its basic properties. This approach is
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simple, cheap, and applies principles of Green
Chemistry. The method presented here also allows
for naked-eye, colorimetric qualitative analysis of
various anions, and therefore does not require any
sophisticated equipment. Hence, this approach can
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