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Abstract

The growing demand for sustainable and eco-friendly alternatives to synthetic acid—base indicators has
encouraged the exploration of plant-derived pigments. This study investigates the potential of Hibiscus
(Hibiscus rosa-sinensis) and Mussaenda extracts, both individually and in combination, as natural
indicators, and further examines the effect of iron (III) (Fe*?) modification on their performance.
Hibiscus extracts, rich in anthocyanins, displayed distinct and sharp color changes from red in acidic
conditions to purple and blue in alkaline solutions, making them effective for strong acid—strong base
litrations. Mussaenda extracts, containing flavonoids and glycosides, produced yellow to reddish
transitions, though with less precision, making them more suitable for broader but less sensitive
applications. When blended, the mized indicators provided a wider pH coverage, enhancing versatility
across different titration systems. Modification with Fe?* ions stabilized the pigments, intensified color
changes, and reduced fading during storage, resulting in clearer endpoints and improved
reproducibility. The Fe**-modified indicators demonstrated performance comparable to conventional
synthetic indicators such as phenolphthalein and methyl orange. Overall, Hibiscus extracts proved to be
strong candidates for precise litrations, Mussaenda extracts served as complementary options, and their
mized and Fe®*-modified forms offered enhanced stability and broader applicability. These findings
highlight the potential of natural, mized, and Fe®*-modified indicators from Hibiscus and Mussaenda
as safe, biodegradable, and cost-effective alternatives, supporting the principles of green chemistry and
providing valuable tools for educational and analytical laboratories.

Keywords: Natural acid—base indicators, Hibiscus, Mussaenda, end point, green chemistry, Mized
plant extracts

Introduction

Indicators are essential tools in analytical chemistry, particularly in acid—base
titrations, where they signal the completion of a reaction through a visible color change.
Traditionally, synthetic indicators such as phenolphthalein and methyl orange have been
widely used due to their reliability and sharp transitions. However, concerns about toxicity,
environmental impact, and cost have encouraged researchers to explore natural alternatives
that are safe, biodegradable, and sustainable. Plant-derived pigments, especially anthocyanins
and flavonoids, have emerged as promising candidates for this purpose. Hibiscus (Hibiscus
rosa-sinensis) is well known for its rich anthocyanin content, which exhibits distinct color
changes across varying pH levels. In acidic conditions, Hibiscus extracts appear bright red,
shifting to purple and eventually blue in alkaline environments. This sharp transition makes
Hibiscus a strong candidate for titrations involving strong acids and bases. On the other
hand, Mussaenda species contain flavonoids and glycosides that produce yellow to reddish
color changes. Although these transitions are less pronounced than those of Hibiscus,
Mussaenda extracts offer broader applicability and can complement other natural in
Combining Hibiscus and Mussaenda extracts creates mixed indicators that cover a wider pH
range, enhancing versatility in different titration systems. Furthermore, modification of these
natural pigments with iron (IIT) (Fe®") ions has been shown to improve their stability and
performance.
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The Fe®* ions form complexes with anthocyanins and flavonoids, reducing pigment degradation, intensifying color
changes, and providing sharper endpoints. This modification addresses one of the main limitations of natural indicators—their
tendency to fade or lose effectiveness during storage. The comparative evaluation of Hibiscus, Mussaenda, mixed extracts, and
Fe®*-modified forms provides valuable insights into their suitability as eco-friendly alternatives to synthetic indicators. By
assessing their color transition ranges, stability, and titration performance, this study contributes to the advancement of green
chemistry practices. The findings highlight the potential of these plant-based indicators to replace conventional dyes in
educational and analytical laboratories, offering a safer and more sustainable approach to chemical analysis.

Objectives

e To extract and study natural indicators from Hibiscus and Mussaenda plants.
e To compare their color change behavior across different pH ranges.

e To prepare mixed indicators and evaluate their effectiveness in titrations.

e To modify the extracts with Fe®* ions and assess improvements in stability and accuracy.

Materials And Methodology
Materials

e Hydrochloric acid (HCI)

e Sodium hydroxide (NaOH)

e Acetic acid (CH3COOH)

e Ammonium hydroxide (NH,OH)

e Phenolphthalein and methyl orange (synthetic indicators)

. Fresh hibiscus flowers and Mussaenda (for herbal extracts)
. Ferric chloride (IFeCl3)

Preparation Of Indicators

e  Synthetic Indicators: Standard solutions of phenolphthalein and methyl orange were prepared using laboratory-grade
reagents.

e Natural Indicators: Hibiscus & Mussaenda Extract Petals were crushed and soaked in ethanol/water to extract
anthocyanins. Natural indicators contain pigments that change color with pH variation, making them suitable substitutes for
synthetic indicators.

e Mixed Herbal Indicator: Equal volumes of hibiscus and Mussaenda extracts were mixed to obtain a combined indicator.

e  Metal-Modified Indicator: The mixed natural extract was treated with FeCls solution to enhance color intensity and
improving stability.

Mussaenda Petals Mussaenda Extract
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Preparation Of Solutions

Preparation of 0.1 M Sodium Hydroxide Solution: A total of 4.0 g of sodium hydroxide was dissolved in distilled water
and diluted to a final volume of 1000 mL.

Preparation of 0.1 M Hydrochloric Acid Solution: Approximately 9.0 mL of concentrated hydrochloric acid was diluted
with distilled water to make up a final volume of 1000 mL.

Preparation of 0.1 M Acetic acid Solution: Approximately 6.0 mL of concentrated Acetic acid was diluted with distilled
water to make up a final volume of 1000 mL.

Preparation of 0.1 M Ammonium Hydroxide Solution: Approximately 7.0 mL of concentrated Ammonium Hydroxide was
diluted with distilled water to make up a final volume of 1000 mL.

Titration Procedure

A volume of 10 mL of the titrant was taken in a conical flask, and 2—3 drops of a standard indicator (phenolphthalein or
methyl orange) were added.

Titrations were carried out between two acid—base systems, namely strong acid (hydrochloric acid) versus strong base
(sodium hydroxide), strong acid (hydrochloric acid) versus weak base (ammonium hydroxide) & weak acid (acetic acid) versus
strong base (sodium hydroxide).

Separately, few mL of each ethanol extract of the flower petals (Hibiscus and Mussaenda) & mixed extract of the flower
petals (Hibiscus and Mussaenda) was used as a natural indicator in different conical flasks.

Similarly, few mL of mixed extract of the flower petals (Hibiscus and Mussaenda) with metal modified was used as a natural
indicator in different conical flasks.

Each titration was performed in triplicate to ensure precision and reproducibility. The same titrations were repeated using
standard synthetic indicators, and the results obtained using natural indicators were compared with those from synthetic
indicators.

All observations and readings were recorded systematically.

The following titrations were performed:

1.

Strong acid (HCI) vs Strong base (NaOH)

2. Weak acid (CH3COOH) vs Strong base (NaOH)
3. Strong acid (HCI) vs Weak base (NH,OH)
Each titration was conducted using all six types of indicators.
Observations
SR. BASIC ACIDIC ENDPOINT ENDPOINT
NO. INDICATOR TYPE MEDIUM MEDIUM COLOUR VISIBILITY
1 PHENOLPHTHALEIN Pink Colorless Colourless Sharp
(PH = 8-10)
2 METHYL ORANGE Yellow Red Orange Sharp
(PH = 3.1-4.4)
3 HIBISCUS Green Red pink Moderate
(PH = 6.52)
MUSSAENDA G ish
4 (PH = 5.70) YrZﬁr(l)lVi Orange Pale yellow Moderate
MIXED HERBAL
5 (PH = 5.38) Greenish Orange pink Improved
FERRIC CHLORIDE MODIFIED
6 MIXED HERBAL Greenish Marron Wine red Very sharp
(PH = 5.68)
Results

The comparative evaluation of indicator systems revealed clear differences in endpoint detection, color intensity, and

analytical accuracy. Synthetic indicators such as Phenolphthalein and Methyl Orange consistently produced sharp and

259


https://portal.issn.org/resource/ISSN/3065-7857
https://ibrj.us/

Insight Bulletin: A Multidisciplinary Interlink International Research Journal (IBMIIRJ)
ISSN: 3065-7857 / Website: https://ibrj.us / Volume-3, Issue-5 / May — 2026

instantaneous color changes at the endpoint across all titration types. Their performance showed minimal deviation in titre values,
confirming high precision and reproducibility. Herbal indicators prepared from Hibiscus and Mussaenda exhibited noticeable color
changes in acidic and basic media. However, the transitions were relatively gradual, and slight variations in endpoint readings
were observed. Despite this, the results remained reasonably accurate and suitable for general analytical purposes. The mixed
herbal indicator demonstrated improved endpoint visibility compared to individual plant extracts. The combination of pigments
resulted in deeper color contrasts, reducing uncertainty during titration. The most significant enhancement was observed in the
metal-modified system using Ferric Chloride. This indicator showed a more intense and well-defined color change, with endpoint
detection closely matching that of synthetic indicators. Reproducibility and consistency were also markedly improved.

TITRANT VOLUME (cm?®)
INDICATOR TYPE HCI1 Vs CH3COOH Vs HC1 Vs
NaOH NaOH NH,OH
PHENOLPHTHALEIN
9.8 10 5
(pH = 8-10)
METHYL ORANGE 9.9 No sharp change 5.4
(pH = 3.1-4.4)) ) sharp 8 B
HIBISCUS s 0.8 5.4
(pH = 6.52) ' o '
MUSSAENDA
9.9 9.8 5.4
(pH = 5.70)
MIXED HERBAL
9.8 9.9 5.4
(pH = 5.88)
FERRIC CHLORIDE
MODIFIED MIXED HERBAL 10 9.9 5.4
(pH = 5.68)

Discussion

Synthetic indicators performed best because they are designed with narrow pH transition ranges, producing sharp and immediate
color changes at the endpoint. Their chemical structure allows precise detection, which explains their high reproducibility and
accuracy.

Natural indicators such as Hibiscus and Mussaenda based on plant pigments like anthocyanins and flavonoids. These pigments
respond to pH changes gradually, leading to less distinct transitions compared to synthetic dyes. Even so, they consistently
indicated pH changes and proved useful for general titration purposes where extreme precision is not required.

The mixed herbal indicator showed improved clarity of endpoints. By combining pigments from Hibiscus and Mussaenda, the
system produced stronger color contrasts and a wider transition range. This synergy reduced uncertainty and enhanced the
reliability of endpoint detection compared to individual extracts.

The ferric chloride-modified indicator demonstrated the greatest improvement. Interaction between Fe®* ions and plant pigments
intensified the color and stabilized the extract, resulting in sharper endpoints and better reproducibility. This modification made
the natural indicators competitive with synthetic ones in terms of analytical performance.

From a sustainability perspective, herbal and modified indicators offer clear advantages. They are biodegradable, less toxic, and
inexpensive, making them suitable for educational laboratories and environmentally conscious practices. Their effectiveness,

combined with eco-friendly properties, supports their use as alternatives to conventional synthetic indicators.

Conclusion

The study confirms that synthetic indicators such as Phenolphthalein and Methyl Orange provide high accuracy and
sharp endpoint detection in titrimetric analysis. However, herbal indicators derived from Hibiscus and Mussaenda demonstrate
comparable effectiveness with the added benefits of environmental safety and low cost.

The use of mixed herbal indicators introduces synergistic improvements in color contrast and usability, while
modification with Ferric Chloride significantly enhances their performance by producing clearer and more stable endpoints.
Overall, metal-modified mixed herbal indicators emerge as a promising, sustainable alternative to conventional synthetic
indicators, supporting their application in modern analytical chemistry.
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