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ABSTRACT 

Synthetic acid-base indicators used in titrimetric analysis are highly toxic and harmful to 

human beings and aquatic organisms. Due to the presence of anthocyanins, some plant 

extracts have been proved to exhibit solvatochromism properties that can be exploited for 

use as acid-base indicators in titrimetric analysis. In this research Eichhornia crassipes (E. 

crassipes) root extract was applied as an acid-base indicator in titrimetric analysis in 

comparison to standard synthetic acid-base indicators. Solvents of different polarities were 

used to optimise pigment extraction. E. crassipes root extracts were characterised with 

HPLC, FTIR and GC-MS and the best extracting solvent was determined. The root extract 

was tested for the presence of flavonoids and anthocyanins. The root extract was applied in 

titrimetric analysis for four neutralisation titrations- strong acid against strong base, strong 

acid against weak base, weak acid against strong base and weak acid against weak base. 

The best extracting solvent was found to be 0.1 % HCl (v/v) in ethanol by considering the 

peak areas of the components present in HPLC chromatograms. The root extract tested 

positive for the presence of flavonoids and anthocyanins. Functional groups that were found 

to be present were associated with carbohydrates, flavylium ion, phenols and anthocyanins. 

Cyanidin and perlagonidin derived anthocyanins were predicted to be present due to the 

presence of selected molecular ions of m/z 287 and 449, and 579 respectively. One way 

ANOVA showed that there was no significant difference between the mean titre volumes 

for titration of HCl- NaOH and CH3COOH- NH4OH. The end-points obtained from four 

neutralisation titrations using E. crassipes root extract were comparable to those obtained 

using methyl red, phenolphthalein and bromothymol blue. Based on the results in the 

research, E. crassipes root extract proved to be an effective substitute of phenolphthalein 

and bromothymol blue for strong acid-strong base and weak acid-weak base titrations 

respectively, hence it is recommended.  
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CHAPTER ONE 

INTRODUCTION 

1.0 Background 

Industrialisation and increase in use of synthetic products in chemical analysis has resulted in 

environmental pollution that poses health effects to both human beings and aquatic organisms 

for example the use of synthetic standard acid-base indicators in titrimetric analysis [1]. 

Synthetic acid-base indicators are highly toxic and harmful [3]. Effluents with synthetic acid-

base indicators are non-biodegradable under normal conditions and sometimes degrade under 

anaerobic conditions producing more harmful compounds [4]. 

Many researches show that convectional synthetic acid-base indicators have carcinogenic, 

mutagenic and genotoxic effects to aquatic organisms and humans [6]. Methyl red causes 

gastrointestinal and respiratory tract irritation, phenolphthalein causes chronic ulcerative 

colitis, thinning of the intestinal wall and loss of normal mucosal pattern of terminal ileum and 

phenol red is harmful on the central nervous system and heart resulting in disrythmias, seizures 

and coma [5]. Hence the use of E. crassipes root extract as a substitute for the harmful synthetic 

acid-base indicators will reduce health effects associated with synthetic indicators. 

Various waste treatment methods have failed to completely remove synthetic dyes from 

aqueous solutions [6]. Due to the problems associated with the use of synthetic acid-base 

indicator, there is need to look for alternative forms that can substitute synthetic indicators. 

Natural acid-base indicators from plants have the potential of becoming alternatives since there 

are less toxic, cheap, easily available and eco-friendly [3,7].  

Eichhornia crassipes (water hyacinth) has been termed an invasive aquatic macrophyte due to 

its rapid growth and ability to adapt to different aquatic environments [8]. Its population can 
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double within 5-12 days leading to rapid generation of biomass within a short space of time 

[10]. The presence of E. crassipes in water bodies has social, economic and environmental 

impact as it causes reduced population of aquatic organisms and phytoplankton due to low 

concentration of dissolved oxygen. It also increases vector-borne diseases, boating and fishing 

problems, results in difficulty electricity generation, rapid water loss through 

evapotranspiration and siltation [10]. Hence finding a better use for the plant like the use of the 

root extract in titrimetric analysis will reduce or eliminate the effects associated with the plant.  

Plant researches have shown that plants with beautiful colours have anthocyanins which are 

pH sensitive. These include Bougainvillea spectabilis, Ipomea nil, Opuntia ficus indica and 

Ixora coccinea [11] only to mention a few, that have been applied as acid-base indicators in 

titrations. E. crassipes has purple and violet flowers and its roots have been observed to show 

solvatochromism properties, hence can be investigated for use in titrimetric analysis [12].  

The aim of the research was to find an alternative acid-base indicator which is environmentally 

friendly by using E. crassipes root extracts, thereby substituting harmful synthetic acid-base 

indicators and making use of the problematic plant [13].  
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1.1 Aims 

 To optimise the extraction of pigments from E. crassipes roots. 

 To apply the pigment as an indicator in acid-base titrations in comparison to standard 

synthetic indicators. 

1.2 Objectives 

 To extract E. crassipes root pigments using solvents of different polarities. 

 To characterise the components of the crude extract using high performance liquid 

chromatography (HPLC), gas chromatography mass spectrometer (GC-MS) and Fourier 

transform infrared spectrometer (FTIR). 

 To determine the end-point using extracted pigment in comparison to standard synthetic 

acid-base indicators in volumetric analysis. 
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1.3 Problem statement 

Synthetic acid-base indicators that are currently used in titrimetric analysis are toxic to the 

environment, humans and aquatic organisms. They are carcinogenic and mutagenic to living 

organisms and there are also expensive, Shih et al [4], hence there is need for substituting them. 

E. crassipes is a problematic, invasive plant that has social, economic and environmental 

problems to both humans and aquatic organisms [15]. Physical, chemical and biological 

methods have failed to eliminate the plant due to its high proliferation rate and drug resistance. 

There is massive generation of biomass that lowers oxygen concentration in water, prevent 

sunlight to phytoplankton, increase vector-borne diseases, cause problems in hydroelectric 

power generation systems, interfere with navigation of water flow, decrease water quality, 

cause decline in temperature, pH, nutrient level, increase in transportation costs, water loss 

through evapotranspiration and siltation [10]. Some of these problems have caused death of 

fish in Lake Chivero, Harare and Lake Victoria, Kenya [10]. Due to the problems associated 

with E. crassipes there is need to make use of the plant e.g. applying the root extract as acid-

base indicator in titrimetric analysis. 
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1.4 Justification 

The use of E. crassipes root extract as natural acid-base indicator in titrimetric analysis had 

provided an alternative to the use of toxic synthetic acid-base indicators [17]. Natural indicators 

are cheap, less toxic and environmentally friendly as compared to the synthetic indicators [18]. 

Once E. crassipes root extract have been established to show the indicator properties, they can 

find a broad spectrum of application including the textile industry.  

Application of E. crassipes root extract as an acid-base indictor will make the problematic plant 

useful, thereby substituting toxic synthetic acid-base indicator. According to Zhang et al [19], 

E. crassipes have high proliferation rate, therefore there is always rapid generation of biomass 

that can be extracted and used in titrations.  

Due to the effects associated with synthetic standard acid-base indicators, green chemistry can 

be applied to reduce or to eliminate production of toxic products, generation of large volumes 

of waste and use of too much energy [20]. The research seeks to eliminate or substitute use of 

synthetic acid-base indicators with E. crassipes root extract for sustainable development.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.0   Introduction 

The chapter focuses on the use of acid-base indicators in titrimetric analysis, synthetic acid-

base indicators and their effects to humans and aquatic organisms.  Review of studies that were 

carried out on the use of plant extracts as acid-base indicators and application of green 

chemistry for sustainable development are also discussed in this chapter. The sections also 

covers problems associated with E. crassipes and its possible application in the research and 

application of plant extracts in acid-base titrations.  

2.1   Acid-base indicators and their use in volumetric analysis 

A pH indicator is a halo-chromic chemical compound that is added in small amounts to the 

solution or analyst sample so that the acidity or alkalinity can be determined [18]. Bart and Pilz 

[21] defined pH indicators as chemical detectors of hydronium ions (H3O
+) or hydrogen ions 

(H+) in the Arrhenius model that changes colour depending on the concentration of these ions. 

There are usually weak acids or bases which have their acid or conjugate base forms with 

different colours due to differences in their absorption spectra [22]. Acid-base indicators 

changes colour over a range of pH e.g. methyl red pH range is from 4.2 to 6.2 and 

phenolphthalein from 8.3 to 10. The ability of the indicators to donate or accept electrons 

results in change of colour with change in pH (acidity or alkalinity).      

Volumetric analysis is quantitative determination of the unknown substance by determining 

the volume of a solution of known concentration that reacts quantitatively with a measured 

volume of solution to be determined [5]. In volumetric analysis, pH indicators are used to 

determine the end-point of the reactions.  
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2.2   Synthetic acid-base indicators (dyes) and their effects to humans and aquatic 

organism 

Organic dyes from industrial effluents are pollutants which makes it difficult in waste water 

treatment systems [6]. These dyes and their degradation products are toxic, mutagenic and 

carcinogenic to humans and aquatic organisms. This is due to the presence of carcinogens such 

as benzidine, naphthalene and other phenolic compounds which can remain in the environment 

for a long period of time [6]. Many synthetic dyes are highly soluble in water hence can be 

discharged with waste water in water bodies. Most of the dyes are resistant to normal treatment 

of waste water process i.e. bio-treatment of the effluents is ineffective due inability of the dye 

or acid-base indicator to degrade aerobically while anaerobic degradation yields carcinogenic 

aromatic amines as by-products [27]. 

Most acid-base indicators and dyes used in the pigmentation and titration processes in many 

industrial applications are derived from azo dyes as reported by Mahmoud et al [28]. Azo dyes 

are xenobiotic compounds which have one or more azo linkages and aromatic rings. They 

constitute the largest class of dyes with greatest colour varieties. There are electron-deficient 

xenobiotic compounds due to the presence of the azo linkage (N=N) and sulphonic (SO3
-) 

groups which are electron withdrawing groups that generate electron deficiency within the 

molecule making the dye less susceptible to bio-degradation [31]. Azo dyes include methyl 

red, methyl orange, acid orange 6 and acid orange 7. In the human body synthetic azo 

compounds are metabolized by enzyme azoreductase in the intestines and liver to aromatic 

amines. Aromatic amine, benzidine induce urinary bladder cancer in humans and tumours in 

some experimental animals. Under anaerobic conditions, azo dyes can be reduced to aromatic 

amines which are toxic, mutagenic and carcinogenic [31]. Examples of azo dyes and other dyes 

that are applied as acid-base indicators in titrimetric analysis are shown in Table 1.1 together 

with health effects associated with them.  
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Due to chemical structures of dyes, they resist fading on exposure to UV light, water and many 

chemicals which makes them not easily degraded in the environment. Wastewater containing 

dyes causes intense colouration to water bodies which reduce sunlight transmission into water 

and also decreases solubility of gases in water hence affecting aquatic organisms and plants 

[32]. This occurs by preventing penetration of sunlight  thereby preventing photosynthesis and 

other algal based biological treatment systems.  

Coloured wastewater in the ecosystem causes aesthetic pollution, eutrophication and 

perturbations in aquatic life. Isiuk et al [25] and Luo et al [35] postulated that dyes are difficult 

to remove from waste water because they are stable to light, heat and oxidising agent, hence 

they are not easily degradable. These dyes require adequate treatment to abate them which 

increases the expenses of wastewater treatment processes. 

Table 1.1: Synthetic indicators and their health effects  

Synthetic indicators Effects  Ref 

Phenolphthalein Causes chronic ulcerative colitis, thinning of the 

intestinal walls and loss of normal mucosal 

pattern of terminal ileum. It also causes tumours 

e.g. thymic lymphoma, connective tissue 

tumours, pheochromocytoma, renal-cell-

adenoma, ovarian cancer NTP 1996. 

[5,36] 

Bromocresol green Skin, eye, digestive and respiratory tract              

irritations are acute effects. Chronic effects 

include pneumoconiosis, breathlessness, lung 

shadows, hallucinations, coma, decreased 

[44]  
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appetite, nausea and vomiting, diarrhoea, 

memory loss, schizophreniform psychosis, 

profuse discharge from the nostrils (coryza). 

Bromothymol blue Causes pneumoconiosis, breathlessness, 

hallucinosis, schizophreniform psychosis, induce 

sedation, irritability, delirim, memory loss, 

forgetfulness (aphasias), dysarthria, fatigue, 

coma, nausea and vomiting, bronchoderma, 

profuse discharge from the nostrils (coryza), 

foetal abnormalities and hyperreflexia. 

[39] 

Methyl red Causes birth defects, skin irritation, cyanosis, 

gastrointestinal irritation with nausea, vomiting 

and diarrhoea, central nervous system depression, 

respiratory tract irritation, methemoglobinemia, 

narcotic effects in high concentration, dizziness 

or suffocation, dermatitis, reproductive defects, 

liver, kidney and heart damage, mutagenic effects 

and development of tumours. 

 [33,34] 

Phenol blue Causes harmful effects to the central nervous 

system and heart resulting in disrhythmias, 

seizures and comma. 

 

[5] 
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Methyl orange  Causes eye and skin irritation, gastrointestinal         

irritation, vomiting and respiratory tract irritation, 

tumour formation, mutation that occur due to 

prolonged exposure may lead to development of 

bladder cancer, liver carcinomas, lung adenomas 

and hepatomas.  

[48]  

  

2.2.1   Toxic degradation products of methyl red acid-base indicator 

Synthetic acid-base indicators are usually electron withdrawing compounds due to the presence 

of sulphonic (SO3
-) groups. Sadeghi et al [29] and Seesuriyachan et al asserts that the presence 

of these groups on aromatic compounds result in electrons being withdrawn from the ring, 

generating electron deficiency within the molecule making the indicator less susceptible to bio-

degradation. Methyl orange can be degraded to N,N-dimethyl-p-phenylene diamine and 4-

aminosulphonic acid and methyl red can be degraded to 2-aminobezoic acid (anthranilic acid) 

and N, N-dimethyl-p-phenylene diamine (4-N, N-dimethylamino-aniline) which are toxic [50]. 

Figure 2.1 shows how methyl red degrade producing two toxic products which are 2-

aminobenzoic acid and N, N-dimethyl-p-phenylene diamine. 

COOH

N N N NADH

Azo-reductase

COOH

NH2
+ H2N N

Methyl Red Anthranilic Acid
(2-aminobenzoic acid)

N,N-dimethyl-p-
phenylenediamine

Fig. 2.1: Methyl red and its toxic metabolites 

Anthranilic acid (2-aminobenzoic acid) is associated with gastro-enteritis with haemorrhages 

and necrosis of the liver [47]. N, N-dimethyl-p-phenylene diamine is associated with both acute 
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and chronic health effects. Acute health effects include fatality if swallowed due to 

methaeglobinemia as the substance can bind to haemoglobin inhibiting normal oxygen uptake. 

It can also produce toxic effects if inhaled. Chronic effects are irreversible i.e. mutations have 

been reported upon exposure long period of time, formation of sarcomas in the spleen, liver 

and kidney of humans [55]. 

2.3   Application of green chemistry for sustainable development  

Green chemistry is a potential approach toward scientifically based environment protection. 

The application of green chemistry in chemical processes has significant impact on improving 

environmental monitoring. Application of green chemistry e.g. the use of natural dyes goes 

back to 1664 when sir Robert Boyle reported his collection assays on colours [50]. The research 

seeks to make use of E. crassipes root extracts by applying them as acid-base indicators, 

thereby improving environmental monitoring and enhancing sustainable development. 

2.3.1   Review of studies that were carried out on natural acid-base indicators 

2.3.1.0   Introduction   

This section covers studies that have carried out, methodologies employed, extracting solvents 

used and data interpretation from the results generated. 

2.3.1.1   Plants used to extract acid-base indicators    

Many studies have been carried out on the use of plant extracts as substitute of synthetic acid-

base indicators in titrations. Natural indicators have been extracted from Aspilia Africana and 

Urena Labata (Mgbo) flowers by Eze and Ogbuefi [20], Gerbera jamasonii and Tagertes 

erecta flowers by Shivaji et al, flowers of Ipomea nil and ipomea biloba by Abbas [7], flowers 

of Bougainvillea Spectabilis by Bagul et al, Jacaranda acutifolia and Ixora Coccinea flowers 

by Patrakar et al [14], flower sap of China rose by Gupta et al [50], petal sap of Delonix regia 



12 

  

by Jain [5], golden beet root, mangifera indica seed by Onwuachi et al [53] and blood leaf 

(Iresine herbstii) by Doctor [54]. 

2.3.1.2   Extraction methods employed to extract the acid-base indicators 

The methods of extraction that were employed by many researchers on plant flowers are almost 

the same. They only differ in that some researchers used fresh flowers and some used dried 

flowers. The method used for fresh flowers include washing of the flowers with distilled water, 

maceration with the extracting solvent e.g. ethanol, water or methanol, then filtration and 

finally use of the crude extract as an indicator in titrimetric analysis [11,12].  

In some cases where dried flowers were used, the method differed on that the flowers were 

grinded to fine powder using either a mechanical blender or a pestle and mortar. Extraction 

using an appropriate solvent, filtration and use of the crude extract as an indicator [5] are the 

basic methodological steps that were employed. Deshpande et al [11], Eze et al [18] and 

Patrakar et al [52] dried their samples away from the direct sunlight as they tried to prevent 

photo-degradation and oxidative loss of the dye [59], but Gupta et al dried the flower samples 

on direct sunlight [50] and they both found positive results. 

Some researchers used other parts of plants to extract the indicators like the use of seeds, leaves 

and roots [60]. Methods employed for extraction of the dye were almost the same since drying 

of the sample was done for all these parts, extraction using a suitable solvents and use of the 

crude extracts as indicators in volumetric analysis. Suva [20] used fresh Opuntia ficus indica 

fruits to extract the pigment that was used as an indicator. In the research, E. crassipes roots 

were investigated for the acid-base indicator properties. 

Of all studies that were carried out, very few isolated the active components that give the acid-

base indicator properties [60]. The compounds that were being isolated were anthocyanins from 

the crude sample. Bondre et al [61] and Singh et al used n-butanol: acetic acid: water in a ratio 
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of 4:1:5 and separated the sample using thin layer chromatography (TLC). Separation of the 

anthocyanins from sample were also done in Food Science researches. The extracts were fully 

characterised with UV-Vis spectroscopy, Fourier Transform Infrared Spectroscopy (FTIR), 

high performance liquid chromatography (HPLC), gas chromatography- mass spectrometer 

(GC-MS) and proton nuclear magnetic resonance (H+ NMR).  

2.3.1.3   Solvents used to extract anthocyanins (pH sensitive compounds) 

Anthocyanins are mostly extracted with acidified solvents like water, acetone, ethanol, 

methanol or mixtures of aqueous solvents. The acid will breakdown the cell membranes and 

release the anthocyanins, but harsh chemical treatment may break the innate anthocyanin 

structure like use of mineral acids such as 1% HCl. However, acidification with organic acids 

e.g. formic or acetic acid does not destroy the anthocyanin structure [64]. Many studies have 

shown that extraction of anthocyanins is more effective with acidified solvents than non-

acidified solvents. Methanol is an environmental pollutant and more toxic as compared to other 

alcohols, hence ethanol is preferred by many researchers for the recovery of anthocyanins from 

plant material [64].  Sulphur water (aqueous SO2) has also been used to extract anthocyanin 

from plant material such as red grape and black currents.  

Solvents that were used in this research are 0.1 % HCl in ethanol, 0.1 % HCl in methanol, 4.5 

% formic acid in water, butan-2-ol: glacial acetic acid: water (5:3:2) and ethanol.  

2.3.1.4   Results generated from reviewed studies 

Colour changes at different pH values of natural indicators has been attributed to the presence 

of anthocyanins and flavonoids which are pH sensitive [20]. Anthocyanins are organic 

compounds that are usually found in the aqueous sap of the vacuole of the epidermal plant 

cells. These compounds have a complex structure consisting of an aromatic three-ring 

molecular region, one or more attached sugar molecules and sometimes acyl groups attached 
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to the sugar molecules. Anthocyanins are water soluble and are usually more stable in acidic 

media than in alkaline solutions [3]. A general structure of an anthocyanin is shown in Figure 

2.2. 

 

Fig. 2.2: General structure of anthocyanin. 

Almost any plant that have blue, violet, purple or red flowered colours contains organic 

pigments, anthocyanins that changes colour with change in pH [50]. The colour stability of 

anthocyanins depend on structure of the anthocyanins, pH, temperature, oxygen, light and 

water activity [61]. They tend to be red in a more acidic solution and blue in basic solution. 

Anthocyanins have several biological activities which include antioxidant, 

antihepatocarcinogenic, anti-inflammatory, anti-tumour, hypolidemic, cardioprotective and 

cancer chemopreventive, hence they are safe to use in acid-base titration [74].  

2.3.1.4.1 Action of anthocyanins at different pH 

The colour of anthocyanin pigments depend on pH, thus the acidity of the medium [61]. At 

acidic pH (1-3), anthocyanins exist predominantly in the form of the red or orange flavylium 

cation (2-phenylchromenylium cation). The colour intensity decrease as pH increases and also 
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the concentration of the flavylium cation decreases which undergoes hydration to produce the 

colourless pseudo base (hemiacetal or chromenol). This is due to kinetic and thermodynamic 

competition between hydration reaction of the flavylium cation and proton transfer reactions 

related to the acidic hydroxyl groups of the aglycone [68]. The conjugated 2-benzopyrilium 

system is disrupted due to a nucleophilic attack of water at position 2 of the anthocyanidin 

skeleton. Flavylium cation lose proton as the pH shifts higher. The equilibrium will now shift 

towards a purple quinoidal anyhydrobase at pH < 7 and a deep blue ionised anhydrobase at pH 

< 8. As the pH increases further, the carbinol form yields through opening of the central pyran 

ring and the light yellow chalcone will result. The anthocyanidin system undergoes a variety 

of molecular transformations as pH changes, thus in aqueous solutions, anthocyanidins exist 

as five molecular species in chemical equilibrium which are red flavylium cation, colourless 

carbinol pseudo base, purple quinoidal base, blue quinoidal base anion and yellowish chalcone 

[70,72]. These transformations are shown by the mechanism shown on Figure 2.3 and a three 

dimensional structural transformation shown on Figure 2.4. 

Plant species containing anthocyanins can change colour in solution by undergoing these 

transformations due to change in the acidity or basicity of the solution [61]. Figure 2.5 shows 

the colour changes when Rubus occidentalis extract was added to twelve buffer solution of 

different pH values (1 to 12). 
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Fig. 2.3: Structure of cyanidins in aqueous solution under varying pH [61]. 
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Fig. 2.4: Changes that occur to the anthocyanin structure as pH changes [70]. 

 

Fig. 2.5: Colour change results after addition of Rubus occidentalis extracts in buffer solutions 

of pH from 1-12. [54,61].   

2.3.1.4.2 Titration results 

The end point results of natural plant acid-base indicators obtained from titrations of strong 

acid vs strong base (HCl vs NaOH) ranges from 9.7 to 10.2, strong acid vs weak base (HCl vs 
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NH4OH) ranges from 9.4 to 10.7, weak acid vs strong base (CH3COOH vs NaOH) ranges from 

9.46 to 9 9 and weak acid vs weak base (CH3COOH vs NH4OH) ranges from 9.7 to 11.4 when 

10 ml of the titrate were used [7,12,14,62,68]. The results obtained from the natural plant acid-

base indicators were compared with the results obtained from standard synthetic indicators. 

Almost all researches showed that the natural indicators can substitute the harmful standard 

synthetic indicators as the results were almost the same or had a slight deviation.  

2.3.1.4.3 HPLC and GC-MS results 

The results obtained by Qin et al [73] from HPLC analysis of mulberry extracts showed that 

four anthocyanins were present. Two peaks from the chromatogram were more pronounced 

compared to the other two as shown in Figure 2.6. A gradient mobile phase was used with 

acetonitrile and triflouroacetic acid as the eluting solvents. RP C18 column (250 × 4.6 mm, 

5µm) and detection wavelength of 520 nm was employed during analysis. 

 

Fig. 2.6: HPLC chromatogram for mulberry fruit extract [73]. 

Stoj et al [74] proposed that the order of elution of anthocyanins is affected by the addition of 

a carbohydrate to the structure. This is due to increase in polarity of the compound, hence 

more glycosylated compounds have decreased retention times. Hydrophobic groups will tend 
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to increase retention times at which the compounds are eluted. The order of elution of 

aglycones: delphinidin < cyanidin < pelargodinin. 

2.3.1.4.4 FTIR results 

Infrared spectrometer was used in the analysis of vibrational frequencies of functional groups 

presence in plant extracts. The normal O-H stretching band occurs at 3634 cm-1 when not 

hydrogen bonded. The frequencies decrease when the hydroxyl group becomes involved in 

hydrogen bonding. The greater the strength of the hydrogen bond, the lower the absorption 

frequency. Vibrational frequencies between 3400-3300 can usually be related to sugar 

vibration and phenol OH groups. Bands from 2900 to 3450 cm-1 are usually assigned to CH 

and OH vibrational groups [75]. O-H stretching in glucose usually occur between 3876 to 3005 

cm-1, C-C and C=O usually produce several closely absorption bands between 1100 and 1000 

cm-1 in the spectra of carbohydrates [75]. Absorption band at 840 and 898 cm-1 can be assigned 

CH and CH2 complex vibrational modes of anomeric forms. CH2, C-O-H and C-C-H groups 

are usually observed at 1432, 1334 and 1263 cm-1 respectively. 

2.4   Eichhornia Crassipes (water hyacinth) features and its life cycle 

Eichhornia crassipes also known as water hyacinth is a monocotyledonous freshwater aquatic 

plant, native of Brazil and some parts of South America [76]. The plant belongs to: 

 Kingdom:  Plantae 

Order:   Commelnales 

Family:  Pontederiaceae 

Genus:  Eichhornia 

Species: crassipes 
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Hence the scientific name of the plant is Eichhornia crasssipes. Figure 2.6 shows E. crassipes 

leaves, flowers and roots. 

 

Fig. 2.7: Picture of E. crassipes flowers, leaves and roots.  

 E. crassipes was once used as an ornamental plant which lead to its spread across the globe 

due to the presence of attractive blue to violet coloured flowers. It has round to oblong curved 

leaves and waxy coated petioles. E. crassipes is a free floating plant due to presence of air filled 

sacs in its leaves and stem which aids to its buoyancy. It is the most abundant aquatic 

macrophyte which spread across water surfaces within a short period of time. Its population 

can double within 5-12 days [9]. The weed grows optimally in warm condition in temperature 

range of 28 to 30°C and environments with high nutrient levels where the water flow is slow 

to stagnant. It reproduces mostly by vegetative propagation [13]. Sexual reproduction also 

occurs where thousands of seeds are produced which can remain viable for over 20 years [9]. 

E. crassipes is termed an invasive plant whose capacity for growth and propagation causes 

major conservation problems with social and economic repercussions [10]. The aim of the 

research was to make use of the problematic plant by its application as an acid-base indicator 

in titrimetric analysis.   
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2.4.1   Effects of E. crassipes to the environment, humans and aquatic organisms 

E. crassipes has high proliferation rate which results in massive generation of biomass that 

covers water surface interfering with water flow navigation and increased rate of water loss 

through evapotranspiration. The plant interfere with power generation, decreased temperature, 

pH, biological oxygen demand and chemical oxygen demand, affect water transport and fishing 

industry.  E. crassipes forms marts on water surface restricting sunlight penetration that 

underwater native plants need for growth and photosynthesis and it is also a prime habitat for 

disease causing vectors such as mosquitoes, parasitic flatworms (schistosome) and even snakes 

[10]. 

2.4.2   Methods implemented to prevent the spread of E. crassipes in water bodies 

Various researches have been carried out in Zimbabwe and Kenya on the effects of the noxious 

aquatic weed to the environment. In 1998 Zimbabwe held the First Global Working Group 

Meeting for the Biological and Integrated Control of E. crassipes in Harare in a way to combat 

the E. crassipes problems at Lake Chivero and Manyame [16]. Chemical, physical and 

biological control strategies have been employed, but the aquatic weed proved to be resilient 

to these strategies. Some chemicals that are used are of synthetic origin that increase 

environmental pollution. Despite all the efforts that are being undertaken to reduce infestation 

of E. crassipes, it still remains the world’s most problematic waterweed [81]. Physical removal 

of E. crassipes from water bodies is being implemented at Lake Chivero in Zimbabwe. The 

plant seeds can be viable for more than 20 years, so the plant remains a problem. Making use 

of plant can reduce biomass generated in water bodies.  

2.4.3   Application of green chemistry in environmental monitoring e.g. use of E. crassipes 

plant   

Green chemistry can be applied to abate environmental pollution like in the removal of heavy 

metals, synthetic dyes and other contaminants. Mahamadi and Nharingo [95] used Eirchhornia 
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crassipes as a sorbent in the removal of heavy metals. Dyes were also removed using the plant 

e.g. methyl red and other cationic dyes [98]. Various researches where E. crassipes was applied 

in heavy metals have been carried out. The research focused on the application of E. crassipes 

root extract as acid-base indicator in titrimetric analysis. 
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CHAPTER THREE 

METHODOLOGY 

3.0   Introduction  

This chapter focuses on the chronological steps that were carried out to generate data that 

answers the objectives of the study. The steps include sampling and preparation of E. crassipes 

roots and extraction of the pigment using solvents of different polarities. Characterisation, 

application of root extracts in acid-base titrations and data treatment were also discussed in this 

chapter. All experimental steps were carried out using apparatus, reagents and instruments 

listed in appendix A. 

3.1   E. crassipes sample collection and preparation 

 E. Crassipes roots were collected from Mucheke River in Masvingo, Zimbabwe. The roots 

were removed by hand from the plant. The samples were washed and cleaned with tap water 

and then rinsed with distilled water. E. crassipes roots were placed in a room and left to dry 

for two months. The dried samples were pulverised at Zimbabwe Alloys (ZimAlloys) in 

Gweru, Zimbabwe. The powder was sieved through 75 µm test sieve and stored in a 

polyethylene bag before use [53]. 

3.2   Extraction of the pigments using solvents of different polarities 

Powdered E. crassipes roots (1 g) were placed into a 250 ml volumetric flask. A volume of 50 

ml of water was added and mixed with reciprocating vortex shaker for 2 h. The mixture was 

then filtered by vacuum suction filtration. The filtrate was collected and stored for analysis in 

high performance liquid chromatography (HPLC) and gas chromatography-mass spectrometry 

(GC-MS). The procedure was repeated using ethanol, butan-2-ol: glacial acetic acid: water 

(BAW) (5:3:2) [20], 0.1 % HCl in methanol (v/v), 4.5 % formic acid in water (v/v) and 0.1 % 

HCl in ethanol  (v/v). 
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3.3   HPLC and GC-MS analysis of the crude extracts 

The section focuses on characterisation of E. crassipes root extracts using HPLC and GC-MS 

to obtain information which include determining the number of components present, the peak 

areas of the separated components and the presence of selected molecular ion in the root 

extracts. 

3.3.1   Preparation of samples for HPLC analysis 

A volume of 1 mL was taken from each of the extracts, 0.1 % HCl in ethanol extract, 0.1 % 

HCl in methanol extract, 4.5 % formic acid in water extract, ethanol extract and butan-2-ol: 

glacial acetic acid: water (5:3:2) extract and placed in six 50 mL volumetric flasks. The flasks 

were topped to the mark with HPLC grade acetonitrile and sonicated for 2 minutes. The 

samples were then analysed with GBC scientific HPLC (LC 200). 

3.3.2   HPLC analysis of the crude extracts 

GBC scientific HPLC with LC 200 UV-Vis detector, LC 1120 HPLC pump and Winchrome 

Lite software was used for analysing the following extracts: 0.1 % HCl in ethanol (v/v), 0.1 % 

HCl in methanol (v/v), 4.5 % formic acid in water (v/v), ethanol and butan-2-ol: glacial acetic 

acid: water (5:3:2) (v/v). RP C18 column (150×4.6 mm ID×5 µm), UV-Vis detector at 520 nm 

was used. The mobile phase of 90 % acetonitrile: 10 % water was used as the eluent solvents. 

The flow rate of 1 mL/min, injection volume of 20 µm  and the ambient temperature (18-25 

°C) were used [87]. Data were collected and processed with Winchrome Lite software in a 

personal computer. 

3.3.3   GC-MS analysis of the crude extracts 

Extracts of 0.1 % HCl in ethanol (v/v), 0.1 % HCl in methanol (v/v), 4.5 % formic acid in water 

(v/v), ethanol, butan-2-ol and glacial acetic acid: water (5:3:2) (v/v) were analysed with GC-

MS. 
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Agilent ® 7890 Gas chromatograph was used with a capillary column length of 29.790 m, 

internal diameter of 320 µm, maximum temperature of 350 °C and film thickness of 0.25 µm 

with HPS phase. Helium carrier gas was used with a splitless front Intel mode. A constant 

pressure of 14 200000 psig was applied for the entire run with front Intel purge flow of 3 

ml/minute. Temperature profile used was from initial temperature with a target temperature of 

50 °C for 1 minute, initial rate of 20 °C/min with a target temperature of 170 °C and an initial 

rate of 8.75 °C/min with a target temperature of 240 °C. The transfer line temperature to mass 

spectrometer (MS) was set at 300 °C.  

An acquisition time of 6 minutes was used for the MS detector to start detecting components 

separated by GC. A start mass of 50 and an end mass of 800 was set with an acquisition rate of 

30 spectra per second. The detector voltage was set at 200 V with an electron energy of +70 

volts. Temperature for the ion source was set at 250 °C. 

3.4   Identification of the best solvent 

The best solvent was determined basing on the total peak areas obtained from the 

chromatograms of HPLC analysis. Peak area under the chromatograms is proportional to 

concentration of the components present, hence solvent with the largest total peak area was 

found to be the best solvent. The best solvent was found to be acidified ethanol (0.1 % HCl in 

ethanol (v/v)). 

3.5   Bulk extraction using acidified ethanol (0.1 % HCl in ethanol (v/v)) 

A mass of 100 g of powdered E. crassipes roots were placed in a 500 mL conical flask. A 

volume of 250 ml acidified ethanol (0.1 % HCl in ethanol (v/v)) was added to the sample and 

mixed with a reciprocating vortex shaker for 4 h. The mixture was then filtered by vacuum 

suction filtration. The filtrate was collected and stored for phytochemical test and titration 

processes.  
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3.6   Phytochemical test on crude extract 

3.6.1   Test for flavonoids in acidified ethanol extract 

i. NaOH test: A volume of 1 mL of the extract was treated with NaOH and HCl and the 

colour change was observed and recorded. 

ii.  Lead acetate test: A volume of 1 mL of the extract was treated with lead acetate and 

the colour change was observed and recorded. 

iii. H2SO4 test: A volume of 1 mL of the extract was treated with concentrated H2SO4 and 

the colour change was observed and recorded [62,63].  

3.6.2   Test for anthocyanins in acidified ethanol extract  

i. NaOH test: A volume of 1 mL of the extract was treated with 2 M NaOH and the colour 

change was observed and recorded [62,63]. 

3.7   Application of the E. crassipes root extract and standard indicators in acid-base 

titration 

The section focuses on determining colour changes of E. crassipes root extract when subjected 

to buffer solutions of different pH values and titration using the E. crassipes root extract and 

standard indicators. 

3.7.1   Determination of colour change of E. crassipes root extract at different pH 

Buffer solutions of pH 2.2 to 12.04 were prepared as shown in Table B1 and B2 of Appendix 

B. A volume of 2 ml of each buffer solution was placed in a test tube and a few drops of E. 

crassipes root extract were added [17,57]. The buffer solution and the root extract were mixed 

by swirling and the colours of the solutions were noted. 
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 3.7.2   Titration using E. crassipes root extract, methyl red, phenolphthalein and 

bromothymol blue indicators. 

Four titrations were performed i.e. strong acid vs strong base, strong acid vs weak base, weak 

acid vs strong base and weak acid vs weak base. The titrations were conducted in the order HCl 

and NaOH; HCl and NH4OH; CH3COOH and NaOH and CH3COOH and NH4OH. A volume 

of 10 ml of 1 M NaOH was placed in an Erlenmeyer flask and three drops of E. crassipes root 

extract indicator were added. HCl (1 M) was placed in a burette. The titrant (HCl) was added 

to titrate (NaOH) until a colour change was observed. Titrations were conducted in five 

replicate analyses [52,58]. The procedure was repeated for all titrations i.e. HCl-NH4OH, 

CH3COOH-NaOH and CH3COOH-NH4OH.   

The procedure was repeated using methyl red, phenolphthalein and bromothymol blue 

respectively. The same aliquots were used for both titrations, hence the same set of glassware 

was used. The end point was noted and recorded in Appendix C. 

3.8   Data treatment 

All titrations were conducted in five replicate analyses, hence the mean and standard deviation 

were calculated. Standard test statistics (t-test) was used to analyse the mean titre volume of 

the natural indicator and that of each synthetic indicator relative to the equivalence point. One 

way ANOVA was used to test the mean and variance of the extracted natural bio-indicator and 

the synthetic indicators (phenolphthalein, methyl red and bromothymol blue). Differences at p 

< 0.05 were considered to be significant. Comparison of the data obtained from the use of 

extracted indicator and standard synthetic indicators during acid-base titrations was conducted.  
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.0   Introduction 

The chapter focuses on presentation of results in different forms, evaluation and interpretation 

of experimental data, comparison of the results obtained using E. crassipes root extract and 

those obtained using synthetic acid-base indicators. It also focuses on significance, 

implications and conclusions of the findings. 

4.1   Selection of the best extracting solvent results 

The different extracting solvents used in an effort to determine the best extracting solvent 

indicated that the components of the extracts were pH sensitive. Acidified ethanol E. crassipes 

root extract was brick red, acidified methanol extract was faint yellow, 4.5 % formic acid in 

water extract was faint orange, butan-2-ol: glacial acetic acid: water (5:3:2) extract was brown 

and ethanol extract was yellow in colour. It showed that change of colour of the root extracts 

depended on the acidity or alkalinity of the extracting solvent. The pH sensitivity exhibited by 

the extracts can be attributed to the presence of anthocyanins. According to Khoddami et al 

[64] , acidified solvents were good extracting solvents for anthocyanins and flavonoids. It is 

also reported that optimum anthocyanin extraction is observed to occur when concentration of 

less than 1 % of strong mineral acids like HCl, HNO3 and H2SO4 are used, hence 0.1 % HCl 

was used in this research [64].  

The extracts obtained from different extracting solvents were observed to have different 

colours depending on the acidity of the solvent. During preliminary test, ethanol and acidified 

ethanol (0.1 % HCl in ethanol) produced distinct colour change after being subjected to 

solutions of different pH values. Ethanol extract showed brown colour in basic solutions and 

light yellow colour in acidic solutions. Acidified ethanol extract showed dark brown colour in 
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basic solutions and colourless in acidic solutions. This showed that ethanol and acidified 

ethanol solvents were able to extract the compounds that give acid-base characteristics more 

as compared to other solvents.  

4.2   HPLC results of the crude extracts 

Two components were observed to be present from all extracts as shown in HPLC 

chromatograms in Figure C2 to Figure C11 of Appendix C. The retention times for these two 

distinct peaks range from 1.55 minutes to 2.16 minutes for all extracts. Acidified ethanol extract 

produced five peaks with retention times of 1.26, 1.70, 1.94, 2.40 and 4.33 minutes. The two 

most pronounced peaks occurred at 1.70 and 1.94 minutes. Ethanol extract produced eight 

peaks with retention times of 1.63, 1.86, 2.22, 3.09, 3.47, 4.63, 5.73 and 8.00 minutes. The two 

most pronounced peaks occurred at 1.63 and 1.86 minutes. The extract of 4.5 % formic acid in 

water produced four peaks with retention times of 0.37, 2.16, 2.43 and 5.46 minutes. The two 

most pronounced peaks occurred at 2.16 and 2.43 minutes. Acidified methanol extract 

produced four peaks with retention times of 1.66, 1.86, 4.31 and 5.96 minutes. The two most 

pronounced peaks occurred at 1.66 and 1.86 minutes. BAW extract produced five peaks with 

retention times of 1.55, 1.75, 3.211, 4.41 and 9.96 minutes. The two most pronounced peaks 

occurred at 1.55 and 1.75 minutes.  

The differences in retention times of the components in the extracts could be attributed to how 

the components interacted with the mobile and stationary phase. Due to differences in polarities 

of the extracting solvents used the retention times of the components present varied. This can 

be attributed to different components being eluted at different rate. The extracts that were 

extracted might be different that resulted in different retention times being observed.  

Figure 4.1(a) and (b) show chromatograms of acidified ethanol extract obtained from an 

HPLC analysis of E. crassipes root crude extract. 
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a)  

b)  

Fig 4.1: HPLC chromatograms (a) with calculated peak area and (b) without area of acidified 

ethanolic extract. 

Basing on the area under the peaks of chromatograms in Figure 4.1, acidified ethanol was 

identified as the best extracting solvent. The area under the chromatogram is proportional to 

concentration of the components present in the E. crassipes root extracts. Hence acidified 

ethanol extracted large quantity of the components in the extracts. 
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The experimental results showed that the components that were present in the extracts might 

be anthocyanins. The HPLC chromatograms obtained in this research were almost similar to 

those obtained by Qin et al [73] from mulberry fruit extract which showed two most 

pronounced peaks and two which were not more pronounced. The retention times of the results 

obtained from this research differed from those obtained by Qin et al. This might be due to that 

different plant extracts were used in the two researches. According to Qin et al cyanidin and 

pelargonidin were found to be present in mulberry fruit extract. These might be the same 

compounds present in E. crassipes root extract which were observed in the chromatograms. 

Differences in retention times might also be due to differences in the column parameters used, 

the eluting solvents used and the HPLC pump used. Qin et al used a longer column (250 × 4.6 

mm, 5 µm), triflouroacetic acid and acetonitrile as the eluting solvents. In this research a shorter 

column (150 × 4.6 mm, 5 µm) and acetonitrile solvent was used. The mobile phases that were 

employed in this research was an isocratic mobile phase whilst in literature gradient mobile 

phase was used. 

4.3   GC-MS results of the crude extracts 

Selected molecular ions of m/z 287, 449 and 579 were found to be present. The presence of 

molecular ions of m/z 287 and 449 showed that cyanidin derived anthocyanins might be present 

in E. crassipes root extracts [88]. The presence of m/z 579 showed that perlagodinin derived 

anthocyanins might be present [73]. The chromatograms which showed the presence of the 

selected molecular ions were obtained from acidified ethanol and ethanol extracts. No peaks 

were observed from acidified methanol, 4.5 % formic acid in water and butan-2-ol: acetic acid: 

water extracts as shown in  Figure C14 to C17 of Appendix C, hence acidified ethanol and 

ethanol were able to extract the proposed acid-base characteristic actives. This also helped in 

choosing the best extracting solvent by correlating the results obtained from HPLC.  
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Fragments associated with elimination of known moieties attached to aglycon parent molecule 

of E. crassipes anthocyanin which might be present were observed [89,90]. Peaks observed at 

a retention times of 14:06:4 min for acidified ethanol (unknown 48) and 14:06:1 min for ethanol 

extract (unknown 54) as shown in Figure 4.2 and 4.3 respectively showed that flavylium cation 

(2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-2H-chromenylium) might be present. From NIST 

library the compounds were identified as unknowns with chemical formula of C15H11O6, for 

both acidified ethanol and ethanol extract, but based on literature the chemical formula 

C15H11O6
+ showed the presence of cyanidin derived anthocyanins. 

 

Fig. 4.2: Acidified ethanol (0.1 % HCl in ethanol (v/v)) extract GC-MS chromatogram. 
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Fig. 4.3: Ethanol extract GC-MS chromatogram. 

 Figure 4.2 show the structure of cyanidin-3-O- glucoside and its fragments which are obtained 

in GC-MS analysis.  

 

Fig. 4.4: Structure of cyanidin-3-O-glucoside, cyanidin and glucose moiety [68,70].  
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287 might be due to the loss of a deoxy-glucosyl group at m/z 162 from m/z 449 as shown in 

Figure 4.4 [73,91]. Fragment ion of m/z 164 at a retention time of 8:27:7 minutes was also 

observed which showed that glucose molecules were also detected as fragment in the mass 

spectrometer. Glycones that could been fragmented can be glucose or galactose of m/z 162 

[89]. 

Molecular ion of m/z 579 was also detected but due to the intensities shown on the 

chromatogram, it could be concluded that the compound was in low concentration. The 

presence of m/z 579 could be due to the presence of pelargodinin-3-O- rutinoside (C27H30O14
+) 

[73,92] which usually elute before cyanidin derived anthocyanins as proposed by Stoj et al 

[74]. Fragment ions that may be associated with molecular ion C27H30O14
+ are C21H21O10

+ m/z 

433 as a result of loss of deoxy-glucosyl and C15H11O5
+ m/z 271 (rutinosyl) as a result of loss 

of another deoxy-glucosyl group as shown in Figure 4.5 [88].  

 

Fig. 4.5: Structure of pelargonodin-3-O-rutinoside and its fragments [70]. 
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4.4   FTIR results of the acidified ethanol extract 

This section focuses on FTIR characterisation of the acidified ethanol, E. crassipes root 

extract to determine the functional groups that are present.  

 

Fig. 4.6: FTIR results of E. crassipes root extract (0.1 % HCl in ethanol extract) vibrational 

frequencies. 

FTIR spectrum in Figure 4.6 shows FTIR bands that were present in the E. crassipes root 

extract. Vibrational frequency at 3842.12 cm-1 can be assigned to O-H vibrational stretching. 

Vibrational band at 3415.01 can be due to the presence of C-H and O-H groups related to sugar 

vibration and phenol O-H groups. O-H group due to being bonded to other groups, the 

vibrational frequency decreased, hence the peak at 3415.01 might due to its presence [93]. At 

low wavenumber, the O-H stretching band overlaps with the C-H stretching peak. Peaks 

located at 2923.06 cm-1 and 2852.30 cm-1 can be assigned to symmetric and asymmetric 

stretching of -CH2 and -CH3 groups since it falls within the range 2935 – 2850 cm-1 of C-H of 

CH2 vibrational band [94,95]. Vibrational band at 1638.57 cm-1 can be assigned to C=O group 
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since it falls within the range of C=O stretching, 1849 – 1634 cm-1. Peaks at 1508.16 cm-1 can 

be due C=C in ring group, 1449.58 cm-1 can be assigned to α-CH2 bending, 1384.84 cm-1 can 

be CH2 or CH3 deformation or O-H bending (in-plane) or CH3 bending or can also be assigned 

to C-O-H bending [82]. 

Peaks at 1046. 52 and 1110.17 cm-1 can be C-C-C bending, 875.17 cm-1 was assigned to C-H 

bending and ring puckering whilst at 834.31 cm-1 can be C-H and =CH2 out-of-plane bending 

[95]. Vibrational frequencies at 766.54 cm-1 can be assigned to O-H bending (out of plane), 

696.30 and 620.79 cm-1 can be C-H deformation of the compounds present in the sample [94].  

From the vibrational bands obtained from the extracts, it could be concluded that functional 

groups associated with carbohydrate molecules, phenols, flavylium cation and cyanidin derived 

anthocyanins might be present in the E. crassipes root extract. 

4.5   Colours of E. crassipes root extract in buffered solutions 

The colour changed from yellow to dark brown as shown in Table 4.1 when the extract was 

added to buffer solutions of pH 2.2 to 12.04 as shown in Figure C20 of Appendix C. 

Table 4.1: Colour change of buffer solution after adding E. crassipes root extract.        

 pH     Colour 

2.2     Yellow 

3     Light brick red 

4     Brick red 

5     Redish purple     

6     Purple 

7     Colourless 
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8     Violet 

9     Red violet 

10     Light brown 

11     Brown 

12.04      Dark brown 

The sensitivity of the extract to different pH can be attributed to the presence of anthocyanins. 

As described by Bondre et al [61], Iosub et al [69], Lalitha et al [63] and Fossen et al [68], 

different colour change presented by the E. crassipes root extract when subjected to different 

pH can be due to protonation or deprotonation of the indicator. The colour changed might be 

due to transformation shown in Figure 2.3 and 2.4 of section 2.3.1.4.1. The colours from 

literature changed from red to yellow whilst in the research they changed from yellow to dark 

brown. This might be attributed to different plant extracts being used in the researches and also 

the crude extract component matrix might be different between the two plant extracts. 

4.5    Phytochemical results for the acidified ethanol crude extract  

Table 4.2 show the results obtained from phytochemical test conducted to test for the presence 

of flavonoids and anthocyanins. 

Table 4.2: Colour change from phytochemical test. 

Test      Colour change 

Flavonoids  

NaOH test     Yellow to orange 

H2SO4 test     Orange 

Lead acetate test    White precipitate 
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Anthocyanins 

NaOH test     Blue violet colour 

The extract was found to contain anthocyanins and flavonoids as the colour change of solution 

gave positive test as shown in Table 4.2. The results obtained in this research on phytochemical 

test were the same as results obtained by Singh et al [62] and Lalitha and Jayanthi [63] when 

they conducted phytochemical test on Delonix regia and Caesalpinia pulcherrima [62], Pistia 

stratiotes and Eichhornia crassipes [63,97] extracts for antimicrobial activity, antioxidant 

activity and phytochemical test analysis. Due to confirmation of the presence of flavonoids and 

anthocyanins which are pH sensitive, E. crassipes root extract exhibited solvatochromic 

properties, hence can be applied in titrimetric analysis.   

4.6   Titration results using E. crassipes root extract, methyl red, phenolphthalein and 

bromothymol blue as indicators 

Table 4.3: End points mean titre volumes and colour change for the four titrations using E. 

crassipes root extract, methyl red, phenolphthalein and bromothymol blue. 

Titration   Indicator   Mean ± SD Colour  

HCl vs NaOH  Methyl red   10.98 ± 0.13 Yellow to red 

   Phenolphthalein  11.06 ± 0.09 Pink to colourless 

   Bromothymol blue  11.16 ± 0.05 Blue to yellow 

   E. crassipes root extract 11.6 ± 0.11 brown to colourless 

HCl vs NH4OH Methyl red   7.8 ± 0.07 Yellow to red 

   Phenolphthalein  7.12 ± 0.08 Pink to colourless 

   Bromothymol blue  7.8 ± 0.07 Blue to yellow 



39 

  

   E. crassipes root extract 7.74 ± 0.09 brown to colourless 

CH3COOH vs NaOH Methyl red   12.16 ± 0.05 Yellow to red 

   Phenolphthalein  11.12 ± 0.08  Pink to colourless 

   Bromothymol blue  10.9 ± 0.07 Blue to yellow 

   E. crassipes root extract 11.58 ± 0.08 brown to colourless 

CH3COOH vs NH4OH Methyl red   9.54 ± 0.05 Yellow to red 

    Phenolphthalein  7.6 ± 0.07 Pink to colourless 

    Bromothymol blue  8.34 ± 0.05 Blue to yellow 

    E. crassipes root extract 8.82 ± 0.08 brown to colourless 

The end points for all titration conducted using E. crassipes root extract as an indicator were 

very close to the end points obtained using standard synthetic acid-base indicators i.e. methyl 

red, phenolphthalein and bromothymol blue as shown in in Figure 4.3 and in Appendix C. For 

strong acid against strong base titration (HCl and NaOH), the end point obtained using E. 

crassipes root extract indicator matched that of phenolphthalein with titre mean volumes of 

11.06 ± 0.11 and 11.06 ± 0.09 respectively. Hence the root extract can be used as a substitute 

of phenolphthalein for strong acid against strong base titrations. The colour changed from dark 

brown in basic solution to colourless at the end point. 

For strong acid against weak acid titration (HCl vs NH4OH), the end point obtained using E. 

crassipes root extract was 7.74 ± 0.09 which is close to that obtained using methyl red (7.8 ± 

0.07) and bromothymol blue (7.8 ± 0.07). The bio-indicator (E. crassipes root extract) can be 

a good substitute of methyl red and bromothymol blue for this type of titration. The colour 

changed from brown (basic) to colourless at the end point.  
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For weak acid against strong base titration (CH3COOH vs NaOH), the end point obtained using 

the natural E. crassipes root extract was 11.58 ± 0.08 that is deviate significantly from the 

results other indicators. Hence the natural indicator cannot be used as a substitute of any of the 

indicators under study. The colour changed from dark brown to colourless at the end point. 

For weak acid against weak base titration (CH3COOH vs NH4OH), the end point obtained 

using E. crassipes root extract as an indicator was 8.82 ± 0.08 that was close to the end point 

obtained using bromothymol blue 8.34 ± 0.05 as compared to the other standard indicators 

used. Hence the root extract can be used as a substitute for bromothymol blue in weak acid 

against weak base titrations. The colour changed from brown (basic) to colourless at the end 

point. 

It was also observed that the extract act reversibly and gave distinct colour change in both 

directions when exposed to different solutions of varying pH [56]. 

 4.5.1   Statistical analysis of generated data 

The experimental data generated from titration was statistically analysed using one way 

ANOVA. The results are shown in Table C22 to C25 of Appendix C.  From the results obtained 

from titrations of HCl-NaOH and CH3COOH-NH4OH, there was statistical significant 

evidence at 5 % confidence interval to show that there were no significant differences between 

the mean titre volumes of the four indicators (methyl red, phenolphthalein, bromothymol blue 

and E. crassipes root extract). For the titrations of strong acid against weak base and weak acid 

against strong acid, it was found that there were significant differences between the mean titre 

volumes of the four indicators [3]. 

Standard t-test was conducted for the titration combinations that showed that there were 

significant differences between the mean titre volumes form one way ANOVA, HCl-NH4OH 

and CH3COOH-NaOH. The results of t-test are shown in Table C17 to C21 of Appendix C. 
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Significant difference was observed in HCl-NH4OH titration when phenolphthalein and the 

root extract mean titre volume were compared. In when methyl red and bromothymol blue were 

compared with the root extract, no significant difference were observed. This can be attributed 

to the pH range of phenolphthalein (8.4 – 10) as compared to that of bromothymol (6-7.6) and 

methyl red (4.4 - 6).  

Titration of CH3COOH-NaOH showed that there were significant differences between the 

mean titre volumes of all indicators. Hence the root extract cannot substitute methyl red, 

phenolphthalein and bromothymol blue in weak acid- strong base titrations. Figure 4.7 show 

bar graph of mean titre volumes obtained from the four titration, HCl-NaOH, HCl-NH4OH, 

CH3COOH-NaOH and CH3COOH-NH4OH. 

 

Fig. 4.7: Mean titre volumes obtained during four titration processes, HCl-NaOH, HCl-

NH4OH, CH3COOH-NaOH and CH3COOH-NH4OH.  
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1   Conclusion 

Pigments from E. crassipes root extract were extracted and tested for their acid-base indicator 

properties. The best extracting solvent was found to be 0.1 % HCl in ethanol (v/v), hence bulk 

extraction was done use acidified ethanol. The root extract tested positive for the presence of 

flavonoids and anthocyanins. From GC-MS analysis it was predicted that cyanidin and 

pelargodinin derived anthocyanins were present. The extract proved to be a good substitute 

acid-base indicator to the synthetic indicators as the end point values were not significantly 

different. One way ANOVA showed that there was no significant difference between the mean 

titre volumes of the synthetic indicators and that of the extract for strong acid against strong 

base and weak acid against weak base titration. Standard t-test showed that there was 

significant difference between the means of E. crassipes root extract and phenolphthalein from 

weak acid against strong base titration. No significant difference was observed on all indicators 

under study from strong acid and weak base titration. Hence it could be concluded that E. 

crassipes root extract can be used as an effective substitute of phenolphthalein in strong acid- 

strong base titration and also bromothymol blue in weak acid- weak base titrations.  
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5.2   Recommendations 

 Based on the findings of this research, use of Eichhornia crassipes root extract as acid-

base indicator for strong acid against strong base titration as a substitute of 

phenolphthalein and for weak acid against weak base titration as a substitute of 

bromothymol is recommended.  

5.2.1 Further research 

 Isolation and identifying the active components of the extract. 

 Exploring acid-base titrations using E. crassipes root extract in comparison to other 

synthetic acid-base indicators not used in the research.  
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APPENDIX A 

a) Apparatus 

Burette (50 ml), volumetric flasks (50 ml, 100 ml, 250 ml, 500 ml and 1000 ml), beakers (100 

ml, 250 ml and 500 ml), Erlenmeyer flasks (250 ml and 500 ml), pipette, pipette filler, Pasteur 

pipette, filter papers, spatula, petri dishes, weighing crucibles, measuring cylinders (25 ml, 100 

ml and 250 ml), polythene bags, wash bottles, 75 µm sieve, test tubes, test tube holder, Buchner 

funnel, vials,  

b) Reagents 

Table A1: Reagents used 

Chemical name  Chemical formula Manufacturer  Mass/Conc. 

Sodium hydroxide  NaOH   ACE   40.0013g (1M) 

Hydrochloric acid (32 %) HCl   Glassworld  98 ml/L (1M) 

Glacial acetic acid  CH3COOH  Glossworld  57.5 ml/ L (1M) 

Ammonium hydroxide NH4OH  Scientific Masters 74.6 ml/ L (1M) 

Ethanol   C2H5OH  Chisumbanje  99 % 

Methanol   CH3OH  Fisher Chemicals 55 % 

Butan-2-ol   C4H9OH  ACE   25 ml/ 50 ml 

Methyl red   C15H15N3O2  ACE   0.0203g 

Phenolphthalein  C20H14O4  Skylabs  0.1018g 

Bromothymol blue  C27H28Br2O5S  ACE   5 ml 

Formic acid   H. COOH  Glassworld  4.5 %  

Acetonitrile   CH3CN  PROLABO  55 % 

Sodium hydrogen phosphate Na2HPO4  ACE   28.3937g (0.2M) 

Citric acid   C6H8O7  ACE   21.0098g (0.1M) 

Glycine   CH2NH2COOH ACE   7.5071g 
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Sodium chloride  NaCl   ACE   5.8441g 

Sulphuric acid   HSO4   Cosmo Chemicals 98 %   

Lead acetate   (CH3COO)2 Pb. 3H2O ACE   18.9725g (1 M) 

Distilled water   H2O   MSU Lab  - 

  

c) Instrumentation  

Table A2: Instrumentation used 

Name   Model  Manufacturer  Use 

Analytical balance JJ224BC G & G   weighing 

Electric water bath CE-600 CE   heating  

HPLC   LC 200 GBC   separation 

GC-MS (GC)  Agilant 7890 series  separation  

  (MS)  LECO  Pegasus HT  identification of   

        molecular ions 

FTIR Spectrometer Nicolet  6700 Thermo Scientific identification of functional groups 

pH meter  Az-8601 Thermo Scientific measuring pH of solutions 

Hot plate  MSH 10 Labcon  heating 

Tema mill  T 750 k Tema machines pulverizing 

Sonicator  KQ-250B China Corp.  Ultra-mixing 

Vortex shaker  RS-12R Bajendra   mixing 
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APPENDIX B 

a) Preparation of extracting solvents 

Preparation of 1M hydrochloric acid 

A volume of 98 ml, 32 % HCl was added to a 1 L volumetric flask with approximately 500 ml 

of distilled water. The flask was filled up to the mark with distilled water and inverted several 

times.  

Preparation of acidified methanol  

A volume of 5 ml (0.1 %) 1 M hydrochloric acid was added to 45 ml of methanol in a 50 ml 

volumetric flask. The flask was inverted several times to mix the contents.  

Preparation of acidified ethanol 

For preliminary extraction 

A volume of 5 ml (0.1 %) 1 M hydrochloric acid was added to 45 ml of ethanol in a 50 ml 

volumetric flask. The flask was inverted several times to mix the contents.  

For bulk extraction 

A volume of 25 ml (0.1 %) 1 M hydrochloric acid was added to 225 ml of ethanol in a 250 ml 

volumetric flask. The flask was inverted several times to mix the contents.  

Preparation of butan-2-ol: glacial acetic acid: water (BAW) 

Butan-2-ol: glacial acetic acid: water was mixed in a ratio of 5: 3: 2 to make up 50 ml i.e. 25 

ml butanol, 15 ml glacial acetic acid and 10 ml distilled water. The flask was inverted several 

times to mix the contents. 

Preparation of ethanol 

A volume of 50 ml ethanol was taken from 98 % ethanol solution. 
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Preparation of 4.5 % formic acid in water 

A volume of 11.1 ml of formic acid was transferred into a 50 ml volumetric flask containing 

approximately 35 ml of distilled water. Distilled water was added up to the mark and the flask 

was inverted to mix the contents. 

b) Preparation of solvent to be used as the mobile phase in HPLC analysis 

Preparation of 90 % acetonitrile 

A volume of 225 ml acetonitrile was placed in a 250 ml volumetric flask. Distilled water was 

added up to the mark. The contents were mixed by inverting the flask. 

c) Preparation of buffer solutions 

Preparation of Glycine-NaOH buffer (pH 8.53 – 12.9) 

A mass of 7.5075 g (0.1 mol) of glycine (aminoethanoic acid) and 5.8443 g (0.1 mol) of sodium 

chloride were mixed and placed in 1 L volumetric flask. Distilled water was added up to the 

mark and the flask was inverted several times to mix the contents. 

A mass of 4.1020 g (0.1 M) of NaOH was placed in a 1 L volumetric flask and distilled water 

was added up to the mark. The flask was inverted several times to mix the contents until they 

dissolve.  

To make up 100 ml of buffer solution, mixture of glycine and sodium chloride and 0.1 M NaOH 

were mixed in the following portions shown in Table B1 to make the buffer solutions of pH 

9.31 to 12.04.   

Table B1: Volumes used to make Glycine-NaOH buffer solutions from pH 9.31 to 12.04. 

pH   Volume of Glycine (ml)   Volume of NaOH (ml) 

9.31   80      20 

10.09   60      40 
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11.01   51      49 

12.04   45      55 

Preparation of Na2HPO4 – citric acid buffer (pH 2.2 – 8.0) 

A mass of 28.3937 g (0.2 M) of Na2HPO4 was placed in a 1 L volumetric flask and filled up to 

the mark with distilled water. The flask was inverted several time to mix and dissolve di-

sodium hydrogen orthophosphate anhydrous.  

A mass of 21.0098 g (0.1 M) of citric acid was placed in a 1 L volumetric flask and filled up 

the mark with distilled water. The contents were mixed by inverting several times. 

To make 100 ml of the buffer 0.2 M Na2HPO4 was added to 0.1 M citric acid in the proportions 

shown in Table B2 below. 

Table B2: Volumes used to make Na2HPO4- citric acid buffer of pH 2.2 to 8.0. 

pH   Volume of  Na2HPO4 (ml)   Volume of citric acid (ml) 

2.2   2      98 

3.0   20.55      79.45 

4.0   38.55      61.45 

5.0   51.50      48.50 

6.0   63.15      36.85 

7.0   82.35      17.65 

8.0   97.25      2.75 
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d) Preparation of phytochemical test solutions 

Preparation of 1 M and 2 M sodium hydroxide (NaOH)  

A mass of 40. 0019 g (0.1 mol) of NaOH was placed in a 1 L volumetric flask and distilled 

water was added up to the mark. The flask was inverted several times to mix and dissolve 

NaOH.  

A mass of 8.0037 g (2 mol) of NaOH was placed in a 100 ml volumetric flask and distilled 

water was added up to the mark. The flask was inverted several times to mix and dissolve 

NaOH.   

Preparation of 1 M hydrochloric acid (HCl) 

A volume of 98 ml of hydrochloric acid was added to a 1 L volumetric flask with approximately 

500 ml of distilled water. Distilled water was then added up to the mark. The flask was inverted 

several times to mix HCl and distilled water. 

Preparation of 1 M lead acetate [(CH3COO) 2 Pb. 3H2O] 

A mass of 18.9725 g (1 mol) of lead acetate was placed in a 50 ml volumetric flask and filled 

up to the mark with distilled water up to the mark. The flask was inverted several times to mix 

the contents. 

e) Preparation of titration solutions  

Preparation of 1 M hydrochloric acid (HCl) 

A volume of 98 ml of hydrochloric acid was added to a 1 L volumetric flask with approximately 

500 ml distilled water. Distilled water was added up to the mark. The flask was inverted several 

times. 

Preparation of 1 M sodium hydroxide (NaOH) 

A mass of 40.0008 g (1 M) of NaOH was placed in a 1 L volumetric flask and distilled water 

was added up to the mark. The flask was inverted several times. 
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Preparation of 1 M acetic acid (CH3COOH) 

A volume of 57.5 ml of glacial acetic acid was added in a 1 L volumetric flask with 

approximately 500 ml distilled water. Distilled water was added up to the mark. The flask was 

inverted several times. 

Preparation of 1 M ammonium hydroxide (NH4OH) 

A volume of 74.6 ml of ammonia was added to a 1 L volumetric flask with approximately 500 

ml distilled water. Distilled water was added up to the mark. The flask was inverted several 

times. 
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APPENDIX C 

RESULTS 

Extracts of different solvents. 

 

Fig. C1: Extracts obtained using different extracting solvents. 

HPLC results 

The following figures  C2 to C10 shows HPLC chromatograms together with calculated area of 

five different extracting solvents (4.5 % formic acid in water, acidified ethanol, acidified 

methanol, butan-2-ol: glacial acetic acid: water (5:3:2) and ethanol) . 
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Fig. C2: HPLC chromatogram with calculated area for 4.5 % formic acid in water. 

 

Fig. C3: HPLC chromatogram for 4.5 % formic acid in water.  
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Fig. C4: HPLC chromatogram with calculated area for acidified ethanol. 

 

Fig. C5: HPLC chromatogram for acidified ethanol. 

 

Fig. C6: HPLC chromatogram with calculated area for acidified methanol. 
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Fig. C7: HPLC chromatogram for acidified methanol. 

 

Fig. C8: HPLC chromatogram with calculated area for BAW. 

 

Fig. C9: HPLC chromatogram for BAW. 
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Fig. C10: HPLC chromatogram with calculated area for ethanol. 

 

Fig. C11: HPLC chromatogram for ethanol. 

GC-MS results 

The following figures C13 to C17 shows GC-MS chromatograms for selected masses of 

molecular ions together with their corresponding retention times. 
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Fig. C12: GC-MS chromatogram for acidified ethanol. 

 

Fig. C13: GC-MS Chromatogram for ethanol 
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Fig. C14: GC-MS chromatogram for acidified methanol. 

 

Fig. C15: GC-MS chromatogram for 4.5 % formic acid in water. 
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Fig. C16: GC-MS chromatogram for BAW. 

Fourier transform infrared spectrometry (FTIR) results 

Figure C17 shows vibrational frequencies obtained from E. crassipes roots extract.  
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Colour changes of the extract at different pH values. 

The following figure shows colour changes when the E. crassipes root extract indicator was 

added to buffer solutions of pH 2.2 to 12.04. 

 

2.2 3.0 4.0 5.0 6.0 7.0 8.0 9.31 10.09 11.01 12.04 

Fig. C18: Colour changes when the E. crassipes root extract was added to buffer solutions of 

pH 2.2 to 12.04 

Titration results 

a) Strong acid vs strong base (1 M HCl vs 1 M NaOH) 

Table C1: Titration using methyl red as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 0.8  12.1  23.1  34.3 6.0  

Final volume 12.0  23.0  34.0  45.3 16.9 

Titre volume 11.2  10.9  10.9  11.0 10.9 10.98 0.13 
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Table C2: Titration using phenolphthalein as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 16.8  28.5  5.6  16.6 27.6 

Final volume 28.0  39.6  16.6  27.6 38.6 

Titre volume 11.2  11.1  11.0  11.0 11.0 11.06 0.09 

Table C3: Titration using bromothymol blue as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 14.5  25.7  7.4  18.5 29.7 

Final volume 25.7  36.9  18.5  29.6 40.9 

Titre volume 11.2  11.2  11.1  11.1 11.2 11.16 0.05 

Table C4: Titration using E. crassipes root extract as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 35.4  6.1  17.2  28.3 3.5 

Final volume 46.6  17.2  28.3  39.3 14.4 

Titre volume 11.2  11.1  11.1  11.0 10.9 11.06 0.11  

b) Strong acid vs weak base (1 M HCl vs 1 M NH4OH) 

Table C5: Titration using methyl red as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 2.2  10.3  18.1  25.8 33.4 

Final volume 10.1  18.1  25.8  33.6 41.4  
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Titre volume 7.9  7.8  7.7  7.8 7.8 7.8 0.07 

Table C6: Titration using phenolphthalein as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 33.8  3.5  10.6  17.9 25.0 

Final volume 41.0  10.6  17.6  25.0 32.2 

Titre volume 7.2  7.1  7.0  7.1 7.2 7.12 0.08  

Table C7: Titration using bromothymol blue as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 25.2  33.0  4.2  12.1 20.0 

Initial volume 33.0  40.9  11.9  19.9 27.8 

Titre volume 7.8  7.9  7.7  7.8 7.8 7.8 0.07 

Table C8: Titration using E. crassipes root extract as an indicator 

Run  1  2  3  4 5 �̅� S 

Initial volume 7.7  15.3  23.0  30.8 38.6 

Final volume 15.3  23.0  30.8  38.6 46.4 

Titre volume 7.6  7.7  7.8  7.8 7.8 7.74 0.09 

c) Weak acid vs strong base (1 M CH3COOH vs 1 M NaOH) 

Table C9: Titration using methyl red as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 3.6  15.8  28.0  3.0 15.2 



73 

  

Final volume 15.8  27.9  40.2  15.1 27.4 

Titre volume 12.2  12.1  12.2  12.1 12.2 12.16 0.05 

Table C10: Titration using phenolphthalein as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 10.3  27.5  5.1  16.3 27.6 

Final volume 21.3  38.6  16.3  27.4 38.7 

Titre volume 11.0  11.1  11.2  11.2 11.1 11.12 0.08 

Table C11: Titration using bromothymol blue as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 4.3  15.4  26.5  37.5 4.7 

Final volume 15.2  26.3  37.5  48.3 15.6 

Titre volume 10.9  10.9  11.0  10.8 10.9 10.9 0.07 

Table C12: Titration using E. crassipes root extracts as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 21.5  16.2  28.0  4.9 16.8 

Final volume 33.2  27.8  39.5  16.5 28.3 

Titre volume 11.7  11.6  11.5  11.6 11.5 11.58 0.08 

d) Weak acid vs weak base (1 M CH3COOH vs 1 M NH4OH) 

 

 



74 

  

Table C13: Titration using methyl red as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 0.5  10.1  19.6  29.4 39.2 

Final volume 10.1  19.6  29.2  38.9 48.6 

Titre volume 9.6  9.5  9.6  9.5 9.5 9.54 0.05 

Table C14: Titration using phenolphthalein as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 2.4  10.1  17.9  25.4 33.0 

Final volume 10.1  17.7  25.4  33.0 40.6 

Titre volume 7.7  7.6  7.5  7.6 7.6 7.6 0.07 

Table C15: Titration using bromothymol blue as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 11.7  20.2  28.5  36.8 6.0 

Final volume 2.01  28.5  36.8  45.2 14.3 

Titre volume 8.4  8.3  8.3  8.4 8.3 8.34 0.05 

Table C16: Titration using E. crassipes root extract as an indicator. 

Run  1  2  3  4 5 �̅� S 

Initial volume 6.6  15.5  24.6  34.6 3.8 

Final volume 15.5  24.4  33.4  43.3 12.6 
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Titre volume 8.9  8.9  8.8  8.7 8.8 8.82 0.08  

One way ANOVA and t-test results 

Table C17: T-test results of HCl-NH4OH using E. crassipes root extract and methyl red and 

also root extract and phenolphthalein. 

 HCL-

NH4OH (E. 

crassipes vs 

methyl red) 

Variable 

1 

Variable 

2 

HCl-NH4OH (E. 

crassipes vs 

phenolphthalein)  

Variable 

1 Variable 2 

Mean 7.8 7.74 Mean 7.12 7.74 

Variance 0.005 0.008 Variance 0.007 0.008 

Observations 5 5 Observations 5 5 

Pooled 

Variance 0.0065  Pooled Variance 0.0075  

Hypothesized 

Mean 

Difference 0.05  

Hypothesized 

Mean Difference 0.05  

Df 8  df 8  

t Stat 0.196116  t Stat -12.2325  

P(T<=t) one-

tail 0.424705  P(T<=t) one-tail 9.26E-07  

t Critical 

one-tail 1.859548  t Critical one-tail 1.859548  

P(T<=t) two-

tail 0.849409  P(T<=t) two-tail 1.85E-06  
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t Critical 

two-tail 2.306004   t Critical two-tail 2.306004   

 

Table C18: T-test results of HCl-NH4OH titration using E. crassipes root extract and 

phenolphthalein 

t-Test: Two-Sample Assuming Equal Variances 

HCl-NH4OH 

(E. crassipes 

root extract 

vs 

bromothymol 

blue)  

Variable 

1 Variable 2 

Mean 7.8 7.74 

Variance 0.005 0.008 

Observations 5 5 

Pooled 

Variance 0.0065  

Hypothesized 

Mean 

Difference 0.05  

df 8  

t Stat 0.196116  

P(T<=t) one-

tail 0.424705  
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t Critical 

one-tail 1.859548  

P(T<=t) two-

tail 0.849409  

t Critical 

two-tail 2.306004   

Table C19: T-test results of CH3COOH-NH4OH titration using E. crassipes root extract and 

methyl red 

t-Test: Two-Sample Assuming Equal Variances 

CH3COOH-NH4OH 

(E.crassipes root extract 

vs methyl red)  Variable 1 Variable 2 

Mean 12.16 11.58 

Variance 0.003 0.007 

Observations 5 5 

Pooled Variance 0.005  

Hypothesized Mean 

Difference 0.05  

Df 8  

t Stat 11.85116  

P(T<=t) one-tail 1.18E-06  

t Critical one-tail 1.859548  

P(T<=t) two-tail 2.36E-06  

t Critical two-tail 2.306004   
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Table C20: T-test of CH3OH-NH4OH titration using E. crassipes root extract and 

phenolphthalein 

t-Test: Two-Sample Assuming Equal Variances 

CH3COOH-NaOH (E. 

crassipes root extract vs 

phenolphthalein)  Variable 1 Variable 2 

Mean 11.12 11.58 

Variance 0.007 0.007 

Observations 5 5 

Pooled Variance 0.007  

Hypothesized Mean 

Difference 0.05  

Df 8  

t Stat -9.63809  

P(T<=t) one-tail 5.58E-06  

t Critical one-tail 1.859548  

P(T<=t) two-tail 1.12E-05  

t Critical two-tail 2.306004   

Table C21: T-test of CH3COOH-NH4OH titration using E. crassipes root extract and 

bromothymol blue 

t-Test: Two-Sample Assuming Equal Variances 

CH3COOH-NH4OH (E. 

crassipes root extract vs 

bromothymol blue)  

Variable 

1 Variable 2 

Mean 10.9 11.58 
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Variance 0.005 0.007 

Observations 5 5 

Pooled Variance 0.006  

Hypothesized Mean 

Difference 0.05  

Df 8  

t Stat -14.9011  

P(T<=t) one-tail 2.03E-07  

t Critical one-tail 1.859548  

P(T<=t) two-tail 4.06E-07  

t Critical two-tail 2.306004   

Table C22: One way ANOVA results of HCl-NaOH titration  

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between 

Groups 0.0815 3 0.027167 2.650407 0.084125 3.238872 

Within 

Groups 0.164 16 0.01025    

       

Total 0.2455 19         

Table C23: One way ANOVA results of HCl-NH4OH titration 

ANOVA       
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Source of 

Variation SS df MS F P-value F crit 

Between 

Groups 1.6455 3 0.5485 87.76 3.77E-10 3.238872 

Within 

Groups 0.1 16 0.00625    

       

Total 1.7455 19         

Table C24: One way ANOVA results of CH3COOH-NaOH titration 

ANOVA       

Source of 

Variation SS df MS F 

P-

value F crit 

Between 

Groups 4.66 3 1.553333 282.4242 

4.61E-

14 3.238872 

Within 

Groups 0.088 16 0.0055    

       

Total 4.748 19         

Table C25: One way ANOVA results of CH3COOH-NH4OH titration 

ANOVA       

Source of 

Variation SS df MS F P-value F crit 

Between 

Groups 1271.538 3 423.846 1.160937 0.355304 3.238872 
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Within 

Groups 5841.432 16 365.0895    

Total 7112.97 19         
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APPENDIX D 

Equations 

D1 - Mean 

�̅� =
√𝜒

𝑛
           Where �̅� is the mean value, 𝜒 are the experimental values and n is the number 

  of measurements. 

D2- Standard deviation 

 𝑆 =
√(𝜒−𝜒 ̅)

𝑛−1
   Where 𝑆 is the standard deviation, 𝜒 are experimental values, �̅� is the mean and

  n is the number of measurements. 

D3- t-Test 

       where �̅� is the population mean, µ is the sample mean, S is the 

standard deviation and n is the number of values.  

D4-One way ANOVA 

𝑆𝑆𝐵 =  Σ𝑛(�̅� − 𝑋)̅̅ ̅ 2          where �̅� is the group mean and �̅� is the grand mean 

𝑆𝑆𝑊 =  Σ(𝓍 −  �̅�) 2           where 𝓍 is group values and �̅� is the group mean 

 𝐹 =
𝑆𝑆𝐵

𝑆𝑆𝑊
                            where SSB is the sum of squares between groups and SSW is the 

sum of squares within groups  

    

 

 

 


