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ABSTRACT

Metal ion-related environmental pollution poses a possible risk to human life. This is
a result of various chemical wastes being released into the environment after being
treated in an affordable and effective manner. Several herbs have been reported for
use in heavy metals removal in wastewater. This study aimed at investigating the
phytochemicals present and demonstrating the possible use of Pavonia urens leaves
as adsorbent material through formation of a complex with selected metals zinc (Zn),
copper (Cu) and nickel (Ni) from aquatic environment. The plant was collected from
Uasin Gishu County and air dried before crushing. The ground powder was soaked in
organic solvents (hexane, ethyl acetate, and acetone) of increasing polarity each for 48
hours followed by filtration and drying. The Four fractions obtained were labelled 1A,
2A, 3A and 4A. The GC-Mass spectrometer (MS) identified compounds with
functional groups hydroxyl (OH), amine (-NH), and (-COOH). The ability of
Pavoniaurens to complex with bimetallic ions in aqueous solution was also
investigated using UV-VIS spectrometry. The interaction of these ions with functional
groups revealed by UV-VIS analysis showed higher complexation for copper ions and
zinc was the least. Plant material containing known concentration of the given metal
ions was prepared for analysis at a fixed pH of 6, temperature of 298 K and 300 K,
dosage of plant material 1 g and agitation speed at 125 rpm. One gram (1 g) of plant
material was introduced to every 100 mL solution. Change in concentration was noted
at intervals of 20 minutes using Atomic Absorption Spectrometer (AAS) until the rate
of biosorption was constant. With regard to contact time and temperature, the
biosorption of Cu (I1), Ni (I1), and Zn (Il) ions on Pavonia urens leaves in a batch
system was examined. The first step of the biosorption, which was rapid, happened in
two stages, with Zn being the least biosorbed while Cu was the most. Compared to the
Freundlich and Temkin isotherms, the Langmuir isotherm more closely matched the
experimental results. The adsorption reactions were demonstrated to be spontaneous
because AG °< 0, feasible and exothermic (AH® < 0). P. urens contains bioactive
species and is a viable alternative as an economical, environmentally friendly bio-
sorbent that may successfully complex with metal pollutants in aqueous solution. As a
result, P. urens merits exploration in the search for key chemicals in drug discovery as
well as for use as an adsorbent.



CHAPTER ONE

INTRODUCTION
1.1 Background Information
A number of toxic substances, mainly metals are found in the environment, such as in
water, soils, and rocks, and are also discharged into the surrounding from
anthropogenic resources, largely through commercial and industrial activities
(Bhagure and Mirgane, 2011;Jaishankar et al., 2014; Masindi and Muedi, 2018).
These anthropogenic activities include, but not limited to, farming, urbanization, the
discharge of untreated sewage into aquatic environments, and industrial effluents

(Bobade and Eshtiagi, 2015; Kahlon et al., 2018; Hader et al., 2020).

Heavy metals, comprising of elements with atomic weight greater than
5g/cm?aretoxic or poisonous even at low concentrations (Jarup, 2003; Tchounwou et
al., 2012). Heavy metals that are frequently found in the environment include copper
(Cu), iron (Fe), zinc (Zn), lead (Pb), aluminum (Al), manganese (Mn), cadmium (Cd),
arsenic  (As), mercury (Hg), chromium (Cr), nickel (Ni), and silver
(Ag)(Vetrimurugan et al., 2017; Goyal et al., 2020;Karahan et al., 2020). Trace
levels of Zn, Fe, Cu, Mg, and Mn are important in animal and plant life (Chanda et
al., 2015; Shukla et al., 2018). Because of their diverse valency, reactivity, ability to
produce colorful solutions, strength, and complex creation, among other physical and
chemical characteristics, heavy metals have a variety of purposes (Rioux, 2017,

Madasamy et al., 2019).

Heavy metals pose a serious hazard to human health since they can enter the body by

food, water, or breathing and build up there through biomagnification (Jarup, 2003;



Chen etal., 2009; Rehman et al., 2018). As a result, remediation efforts are required to
stop heavy metals from entering the food chain (Sarwar et al., 2017;Yan et al., 2020).
Currently, a number of remediation strategies have been developed to reclaim soil
contaminated with heavy metals (Hseuet al., 2010; Liu et al., 2018; Vardhan et al.,
2019). These procedures include cementing, ion exchange, chemical precipitation,
electro-dialysis, electrolytic extraction, land filling, soil cleansing, solidification, and
electric field application (Zvinowanda et al., 2009;Dhaliwal et al., 2020Rajendran et
al., 2022). However, when pollutants are present at low amounts, they are costly and

ineffective (Yan et al., 2020).

Plants are used in a technique called phytoremediation to either absorb or remove
contaminants from soil or to reduce their bioavailability (Petruzzelli et al., 2013;
Parmar and Singh, 2015; Muthusaravanan et al., 2018). Plants can absorb ionic
substances from the soil at low quantities via their roots (Arao et al., 2010).Several
plant materials have strong coordination bonding capabilities for ions of heavy metal
(Gardea-Torresdey et al., 2000). These plants have hydroxyl, carboxylate, and amino
groups in their cell walls, which have a strong affinity for ions from heavy
metals(Park et al., 2005; Kwon et al., 2007). Heavy metals can be bound to these
groups by way of complexing the metal ions in solution with an electron pair (Paul et
al., 2017). These methods are cheaper and more efficient than chemical or physical
methods, and they reduce chemical and biological sludge. Complex formation and
metal recovery is also possible (Gopalakrishnan et al., 2010).

Adsorption via complex formation has been demonstrated to be a more cost-efficient
approach for removing metals from aqueous solutions (Wong, 2003). Although

activated carbon is the most extensively used adsorbent, its high cost makes it



unsuitable for usage in developing nations (Sajidu et al., 2006). Literature search
reveals no known reported work that has been done on complexing metals such as
zinc, copper, and nickel with Pavoniaurens. The possibility of using Pavonia urens,
which can be used to compound with heavy metals, as a biosorption option was
investigated. Heavy metals are agents that directly or indirectly cause diseases,

according to studies, in addition to being pollutants.

1.2 Statement of the Problem

Heavy metal accumulation in soil, water, and air is a global environmental hazard
caused by industrialization, urbanization, and mining (Islam et al., 2018; Asgariet al.,
2019; Ukaogo et al., 2020). According to reports, heavy metals can lead to physical
and mental impairments, decreased 1Q, organ dysfunction, neurological illnesses,
respiratory infections, gastrointestinal problems, complications for pregnant women,
cancer, and even death(lannitti et al., 2010; Tchounwou et al., 2012; Jaishankar et al.,
2014;Vigneri et al., 2017;Fatima et al.,2020).These contaminants damage the immune
system, making the body more prone to infections. The majority of research in Kenya
has only focused on heavy metal levels in water, soil, air, and food (Akenga et al.,
2020; Githaiga, et al., 2021). The removal of heavy metals from contaminated water,
soil, and air has, nevertheless, received relatively little study attention. Conventional
physical or chemical repair procedures are not cost-effective or eco-friendly,

necessitating new alternatives (Aransiola et al., 2019; Yan et al., 2020).

1.3 Justification of the Study
Plants, likeCannabis sativa (Caéi¢, et al., 2019), Nicotiana tabacum (Evangelou et al.,

2007), Zea mays (Xiaomei et al., 2005) andHelianthus annuus (Zhao et al., 2019),



were demonstrated to successfully phytoextract heavy metal ionsin polluted soil. In
Kenya, few plant species have been used to remove heavy metals such as bamboo
(Bosire, 2014), Eichhornia crassipes (Ndeda and Manohar, 2014; Matindi et al.,

2022).

Air, water, soil, and occupational pollution threaten human growth (Zhang et al.,
2011; Landrigan et al., 2019). The Sustainable Development Goals (SDG) of the
United Nations place a heavy emphasis on eliminating environmental pollution (Leal-
Filho etal., 2019). SDG 3.9 aims to "significantly reduce the number of fatalities and
diseases caused by hazardous chemicals and air, water, and soil pollution and
contamination™ by 2030 (Zhao et al., 2020) Pollution is also addressed by Sustainable
Development Goals 2.4 focuses on enhancing soil quality, SDG 9.4 on clean
industrial processes and technology, SDGs 14 and 15 relating to the preservation of
water and land, SDGs 12 on ethical production and consumption, and SDG 11 on
sustainable urban and rural areas. A clean, safe, and sustainable environment for its
residents is what Kenya Vision 2030 aims to achieve by the year 2030. These goals
can be achieved through reclaiming of polluted areas. Many methods exist to clean up
the environment, but most are expensive and difficult to get optimal results.
Complexation is now utilized to remove inert metals and metal contaminants in
contaminated water since it is environmentally safe and economically effective.
Therefore, there is a need for an effective, affordable, and eco-friendly option to take
heavy metals out of polluted sites as an absorbent. The Pavonia urens plant was
employed in this study because it is commonly used in Kenya's North Rift region to

cure diabetes and clean dishes.



1.4 Objectives
1.4.1 General objectives
To investigate Pavonia urens as a potential biosorbent inheavy metal removal through

complexation

1.4.2 Specific objectives

(i) To extract and fractionate phytochemicals from the leaves of Pavonia urens
using different solvents.

(if) To characterize the phytochemicals fractions from Pavonia urens using GC-
MS.

(iii)To assess complex formation between selected heavy metals (Cu®*, Zn** and
Ni?*) and Pavonia urens leaves by analyzing UV-VIS spectroscopy absorption
profiles.

(iv)To demonstrate biosorption capacity of Pavonia urens leaves on selected
metals (Cu®*, Ni** and Zn*").

1.5 Research Questions
i.  Does Pavonia urens plant containphytochemicals?
ii.  What are the structures and functional groups present in fractions obtained
from Pavonia urens plant leaves?
iii.  Can complexes form between functional groups in Pavonia urens plant leaves
with heavy metals?
iv  Is Pavonia Urens efficient in removal of heavy metal contaminants from waste

water?



CHAPTER TWO
LITERATURE REVIEW
2.1 Sources of heavy metals
According to Gill (2014), a heavy metal is "a metal with a density greater than 5
g/lcm® (that is, a specific gravity greater than 5)". It can also be defined as metallic
components that are much denser than water (Sonone et al., 2020). Sources of metals
in the land, water, and air, are both natural and man-made (Bradl, 2005). In latest
years, ecological and global public health concerns have grown about metal pollution
(Tchounwou et al., 2012). Human exposure has grown because of their increased use

in industrial, agricultural, residential, and technical applications (Ali et al., 2019).

Among the natural activities that might cause the release of metals from their endemic
atmospheres into various environmental sections are volcanic eruptions, the
weathering of rocks that contain metal, sea-salt sprays, forest fires, and natural
weathering processes (Sonone, et al., 2020; Abdullah-Al-Mamun, 2021).In addition to
other forms, heavy metals can also be found in organic molecules, hydroxides, oxides,

sulfides, phosphates, and silicates (Porter et al., 2004; Masindi and Muedi, 2018).

2.2 Harmful effects of heavy metals

Heavy metal pollution is a worldwide issue. Plant quality and yield are impacted by
pollution of soil with heavy metals, which also changes the size, makeup, and activity
of the microbial population (Singh and Kalamdhad, 2011).Heavy metals contribute to
soil pollution (He et al., 2015) and harm soil biochemical and biological
characteristics. It impacts soil enzymatic activity through altering the enzyme-

producing microbial population (Burns et al.,, 2013). It also disrupts essential



microbial processes and diminishes soil micro-organism population and activity.
Long-term heavy metal effects can improve bacterial community tolerance and fungal

tolerance, which can help restore damaged environments (Shuaib et al., 2021).

In plants, heavy metals can cause chlorosis, sluggish plant development, yield
depression, and reduced nutrient uptake, metabolic abnormalities, and reduced
nitrogen fixation in leguminous plants (Kaur and Nayyar, 2013). As the lead (Pb)
level increased, the seed germination was increasingly delayed. This may be due to
prolonged incubation of the seeds, which neutralized the harmful effects of lead via
leaching, chelation, metal binding, or accumulation by microbes. Since heavy metals
can easily infiltrate the food chain of an aquatic ecosystem, they are a significant
source of pollution in aquatic habitats. Since the majority of heavy metals have
extremely harmful effects on a variety of aquatic life, they pose a significant threat to

aquatic environments (Valavanidis and Vlachogianni, 2010).

2.2.1 Selected heavy metals (Zn, Cu and Ni) and their toxicity
Heavy metals are of global concern particularly because of their effects on human

health. Table 2.1, lists some of the effects on the human health.



Table 2.1: Effects of heavy metals on human health

Pollutants Major sources Effects on  human
health
Zinc Refineries, brass Zinc  fumes  have (Rahimzadeh et al.
manufacture metal corrosive effects on ,2020)
plating, plumbing skin, cause damage to

nervous membrane
Nickel Smelting  operations, Oxidative damage to
incinerations of waste proteins and DNA. (Zhou etal., 2020)
and sewage Contact dermaties,
asthma, respiratory

tract, cancer

Copper Electroplating, copper Bone health, immune
polishing, printing function, cardiovascular  (Kiris & Baltas, 2021)
operations risk, alterations in

cholesterol metabolism

2.3 Heavy metals pollutants

The term "heavy metals" describes atoms with a large atomic weight that are
dangerous at incredibly tiny dosages (Jarup, 2003; Tchounwou et al., 2012). As a
result of their interactions with a contaminated environment, humans are exposed to

heavy metals in a variety of ways (Khan et al., 2015).

Numerous inorganic pollutants pollute the biosphere, that is, air, water, and soil,

causing serious health concerns. A wide range of heavy metals are created as a result



of industrial and home processes, including copper, chromium, nickel, mercury, and

zinc (Abdel-GhANi et al., 2017).

Bioaccumulation accumulates these elements in the food chain. Ineffective at low
metal concentrations, traditional metal extraction technologies are prohibitively
expensive (Hokkanenet al., 2013). Nickel is emitted during smelting, operations,
battery manufacturing, and thermal power plants (Rathnaet al., 2019). Electroplating,
paint manufacturing, wire drawing, copper polishing, and printing are all processes
that create copper. Copper is essential for the creation of enzymes, as well as tissue

and bone formation (Zofkovaet al., 2017).

2.4 Conventional techniques for removal of heavy metals

The conventional processes for extracting metal include chemical precipitation, lime
coagulation, ion exchange, reverse osmosis, and solvent extraction (Gunatilake, 2015;
Ziarati et al., 2020) all used to remove metal ions. It works by applying a pressure
greater than the dissolved solid's osmotic pressure. This method's flaw is its high cost

(Liakos et al., 2015).

In electrodialysis, semi-permeable ion selective membranes are used. A voltage
connecting two electrodes moves cations and anions. Scattered cation and anion
porous membranes form salt cells. Metal hydroxides form and clog the membrane

(Sao et al., 2016).

Ultrafiltration is a pressure-driven membrane technique that removes heavy
metals. The main disadvantage is sludge build-up. Electrostatic forces exchange metal

ions from dilute liquids for ions held on the exchange resin. A high cost and
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incomplete ion removal are downsides of this approach. Metals are coagulated with

alum, lime, iron salts, and other organic polymers (Din et al., 2021).

The main downside is the large amount of dangerous sludge generated (Cielik, et al.,
2015). In phytoremediation, plants remediate contaminated soil, sediment, and water.
Disadvantages include long metal removal times and difficulty renewing plants for
biosorption (Qasemet al., 2021). To solve the issues associated with each method, it is
necessary to have a low-cost treatment system that can get rid of heavy metals from
aqueous effluents (Priya and Arulmozhi, 2012).However, these traditional methods
for removing heavy metals from wastewaters frequently are too expensive, inefficient
at low metal concentrations, ineffective at removing all of the heavy metals, and they
use a lot of energy (Dev et al., 2020). Some of these processes produce hazardous
sludge, and disposingmakes treatment approaches less technologically and
economically viable (Celebi et al.,2020). To have a successful management of toxic
heavy metal removal, the search for new technologies has focused emphasis on

biosorption, based on the metal-binding abilities of diverse biological materials.

2.5 Removal of heavy metals by plants

2.5.1 Phytoremediation

Detoxification of heavy metals is essential for phytoremediation in which plants can
avoid or tolerate heavy metal poisoning (Dalvi and Bhalerao, 2013). By these two
methods, plants keep heavy metal concentrations below toxicity thresholds. There are
several, phytoremediation cleaning methods available for metal-contaminated soils:
Phytostabilization, which involves using plants to reduce the bioavailability of metals

in soil, phytoextraction, which involves removing plants that use soil to remove heavy
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metals, phytovolatilization, which involves taking soil-borne heavy metals and
releasing them as volatile chemicals, using plants grown in hydroponic systems to
filter polluted water, and rhizodegradation are some other examples. Plants' intake of
heavy metals is influenced by a number of variables (Tangahu et al., 2011).

Plant species alter chemical absorption. Success of phytoextraction depends on
identifying types of plants that hyperaccumulate the production of heavy metals in
significant biomass quantities (Jabeen et al., 2009). Agronomic methods (pH
correction, chelators, fertilisers) promote remediation (Rathore et al., 2019). Soil pH,
organic matter, and phosphorus determine how much metals plants absorb. Soil pH is
altered with lime to minimise lead uptake by plants. It can store or metabolize

pollutants in plant tissue (Tangahu et al., 2011).

Phytoremediation uses hyper-accumulator plants to extract and concentrate heavy
metals (Hamadouche, 2012; Mojiri et al., 2013). Hyper-accumulator plants may store
metals 100 times more than regular plants (Khan et al., 2000; Muszynska and Hanus-
Fajerska, 2015). These hyper-accumulator species have powerful metal sequestration
mechanisms and, sometimes, larger internal metal needs (Mehes-Smith et al.,
2013;Kosakivska et al., 2021). It removes heavy metals from a location while
maintaining biological activity and soil structure, and bio-recovering metals

(Mabhungu et al., 2019).

Another phytoremediation technique involves root-exuded plant enzymes degrading
soil pollutants. Increased root diameter and reduced root extension are morphological
adaptations to drought (Prakash, 2021). Environment affects the metal uptake.

Temperature impacts growth and root length. Field and greenhouse root structures
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differ (Shtangeeva, 2010). Understanding mass balance analyses and pollutant
metabolism in plants is crucial to showing phytoremediation's applicability
(Mwegoha, 2008)., The metal's water bioavailability, which is based on its retention
time, and interactions with other substances and elements, determines how readily
plants may absorb it.When metals are incorporated into soil, the metal's ionic and

plant-available form are altered by soil pH, redox potential, and organic matter.

Plants can lower soil pH and oxygenate sediment, which influences metal availability.
Heavy metal bioavailability is increased by Chelating agents and micronutrients
which are examples of physical substances that decay gradually. Energy crops can
better absorb heavy metals by increasing their bioavailability through these chelating
agents and micronutrients as well as by encouraging the microbial population around
the plant to be more capable of absorbing metal ions (Olaniran et al., 2013). Faster
uptake of metal ions will reduce remediation costs. Synthetic chelating agents
enhance leaching risk. Chelating compounds in heavy-metal-contaminated soils may
enhance leaching. Since heavy metal bioavailability declines above pH 5.5-6, alkaline

soils may require a chelating agent (Awa and Hadibarata, 2020).

2.5.2 Phytoextraction

The Greek word "phyto" (plants) combine with the Latin verb "remedium" (to
remedy) form the term phytoremediation, which refers to a developing approach for
cleaning contaminated environments (Parmar and Singh, 2015). Phytoremediation (or
phytotechnologies) is a group of plant-based technologies used to remove pollutants

from soil, water, and sediments (Oleksinska, 2015).



13

Despite being thought of as a revolutionary tactic, phytoremediation, is actually a very
old idea., as the Romans reputedly utilized Eucalyptus trees to de-water the

waterlogged soils more than two centuries ago (Safford and Vallejo, 2019).

Phytoextraction is a cost-effective, environmentally benign, and cheap method for
remediating hazardous metals (Ahmadpour et al., 2012). Phytoextraction uses plants
to clean polluted areas. Heavy-metal hyperaccumulating plants are utilized in
phytoextraction their shoots may store huge amounts of heavy metals. Phytoextraction
can clean soil, sludge, silt, groundwater, surface water, and storm water.
Phytoextraction stabilizes and improves soil, prevents pollutant dispersion, and
removes heavy metals into plant biomass (Wei et al., 2008). Metal output per area per
time is crucial for phytoextraction. This demands great biomass output, quick
development, and strong metal buildup in plant tissue, especially above-ground for
easy harvesting. Some plants collect and tolerate 100 times more metals than others in
their above-ground tissues. (Hyper-)bio indicator plants only do so when metals in the
soil solution are bioavailable, other plants species collect metals (Van der Ent et al.,
2013).

Several plants species such as Helianthus annuus (Alaboudi et al., 2018), Eucalyptus
camaldulensis (Ebrahimi, 2014), Cannabis sativa (Todde et al., 2022), Nicotiana
tabacum (Novakova et al., 2018) and Thlapsi caerulensis (Cristaldi et al., 2020), have
been identified to successfully use phytoextraction to remove heavy metals from

polluted soil.

Ndeda and Manohar (2014),examined the heavy metals' bioconcentration factor and

translocation capacity in Nairobi Dam, Kenya. In both the dry and wet seasons,
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Eichhornia crassipes exhibited the highest levels of bioconcentration and
translocation.

The study recommends using Eichhornia crassipes to remove heavy metals from
contaminated freshwater bodies. Kimenyu et al. (2009) indicated that C. bengalensis
has a higher potential for the removal of Cu, Pb, and Cd metals than Zea mays and
Amaranthus hybridus.Orao (2020), demonstrated that Datura stramonium and
Ricinuscommunis exhibited bioconcentration factor and translocation factor; as a
result, these plants are suited for phytoextraction.Oluoch (2018) studied Cyperus
Alternifolius, Cyperus Dives and Canna Indica at Flamingo Farm Constructed
Wetland, Naivasha Sub-County. These results shows that the studied plants can be

used for phytoremediation of Arsenic, Cadmium, and Lead.

2.5.3 Biosorption

Chemicals are removed from solutions through the physicochemical procedure of
biosorption, which involves the surface adsorption of a biological substance. In order
to eliminate metal ions from aqueous solutions, a variety of waste biomaterials,
microorganisms, bacteria, fungi, yeast, and algae have been utilized. Agricultural
wastes contain lignocellulosic chemicals as well as they could serve as a source for
biosorbents because they contain other polar functional groups such alcohols,
aldehydes, carboxylic, ketones, phenolic, thiol, and ether groups (Younas et al.,
2021). These groups can complex the metal ions in solution and bind heavy metals by

giving a pair of electrons (Demirbas, 2008).

In a study, a biocarbon derived from the healing plant Tagetes spp. (Asteraceae) was

used in an effort to create an environmentally friendly technology (Singanan and
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Peters,2013). The impacts of pH, contact time, starting metal ions concentration, and

biocarbon dosage, are key factors in the biosorption of heavy metals (Wisniewska et

al., 2021).

The percentages of Pb (1) and Cr (111) ions removed from synthetic wastewater were
94.8 and 95.4, respectively (Kazmierczak et al., 2021; Debnath et al., 2021). These
results were seen at an equilibrium period of 150 minutes and an optimal dosage of
2.5g bio- carbon. The most important factors affecting the removal of heavy metal
ions from wastewater are the pH of the synthetic wastewater and the dosage of
biosorbent. The main mechanisms include ionic interactions and poor surface

adsorption on the biosorbent material (Singanan and Peters, 2013).

There have already been numerous studies that mention M. oleifera’s capacity to
remove heavy metals. Using unaltered M. oleifera seeds, some studies have reported
removing 92 percent of the lead, while others have reported removing 81 percent of
the lead (Sajidu et al., 2005; Aziz et al., 2015). In another study, the elimination of
zinc by M. oleifera biomass has been observed to be 90 % (Bhatti et al., 2007).
Additionally, the ability of M. oleifera parts like the husk, seeds, and pods to
biosorbently remove lead from contaminated water has been determined and literature
has, respectively, shown efficiencies of 98.3, 99.4, and 96.6 % (Tavares et al., 2017).
In another study, chemically altered M. oleifera leaves have been utilized for lead
removal, which produced 91 % efficiency (Reddy et al., 2010). There has also been
use of unaltered M. oleifera leaves to successfully remove lead from contaminated

water, with a reported removal effectiveness of 98.6 % at a high lead concentration
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(160 ppm) (Imran et al., 2019).Positively charged heavy metals have a strong

attraction for these sorbents(Kwon et al., 2007; Park et al., 2005).

Pavonia urens tree, is readily available practically everywhere, and is used in washing
utensils (Kamau, 2018). The significant properties of P. urens leaves were analyzed in

this current study and used in the adsorption process for the cleanup of heavy metals.

The removal of heavy metals from wastewater is very effective when done through
biosorption, which uses non-growing biomass. Another study examined how well
Periyakulam-2 (PKM-2) type Moringa Oleifera leaves (MOLSs) could absorb Pb (1)
and Zn (1) ions from an aqueous solution (Jayan et al., 2021). To obtain maximum
metal removal effectiveness of lead and zinc metals using the PKM-2 MOL
biosorbent, a series of factors, including the metal ion starting concentration,
adsorbent dose, and pH, were optimized using the response surface methodology
(Alara et al., 2017).

Different isotherms and kinetic models were used to investigate the adsorption
findings.

Langmuir's isotherm was found to have the best fit and greatest adsorption capacity
for lead and zinc, respectively, at 51.71 and 38.50 mg/g (Hafshejani et al., 2015;
Mwandira et al., 2020). The kinetics of lead and zinc metal adsorption were found to
be consistent with the pseudo-second-order model (Zhou et al., 2020).
Thermodynamic parameters confirmed (AG® < 0, AH° < 0 and AS° > 0),
demonstrated the exothermic, spontaneous, and adsorption-friendly physisorption was
the sorption process (Ofudje et al., 2021). The findings of this investigation revealed

that the PKM-2 type MOL is a potential choice for an environmentally friendly, low-
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cost biosorbent capable of effectively removing Cd, lead and zinc metals from

aqueous solutions.

2.6 Genus Pavonia
Pavoniaincludes perennials, prostrate plants, erect shrubs, and small trees (Githitho,
2021). In disturbed areas like roadside ditches and abandoned croplands this Pavonia

species develops as a shrub (Lopes et al., 2016).

2.6.1 Ethnomedicinal uses of genus Pavonia
Genus Pavoniahave previously been put tomany uses. The different parts have

traditionally been used for some particular purposes as shown in the Table 2.2.



Table 2. 2: Ethnomedicinal uses of genus Pavonia

18

Part

Ethnos medicinal Use of genus

Pavonia

Reference

Pavonia urens: stem, bark,

leaves and roots

Pavonia zeylanica: leaves

Pavonia odorata

Pavonia senegalensis L.

Making baskets, roofing, fuel, cattle
feed, cleaning hands and utensils,
wiping infant faecal matter. Leaves to
pat eyes in case of weak eye sight,
dressings on fractures and
dislocations, antidiarrheal, nausea and
vomiting,antipyretic and as oxytocic.
Anthelmintic,anti-inflammatory,
analgesic andantipyretic drug

Diuretic diaphoretic, demulcent, anti-
inflammatory, antipyretic and
astringent.

Antidiarrheal, soft and tissue
infections, Induction of labor and

contraception.

(Githitho, 2021;

Sarvalingam et al., 2017)

(Githitho, 2021)

(Kashima, Paladino &

Margetts, 2014)

(Adebisi &Alebiosu,

2014)

2.6.2 Phytochemical Analysis and Biological Activities of Genus Pavonia

Pavonia Genus has been known to contain terpenoids (mostly), triterpenoids, and

sesquiterpenes(Masoko and Makgapeetja, 2015). The terpenoids include citral (27),

menthol (28), camphor (29), salvinorin-A (30), the cannabinoids (31), ginkgolide(32),

and bilobalide (33), curcuminoids found in turmeric and mustard seed (Nayaket al.,

2021). Figure 2.1 shows some of theterpenoids found in pavonia plants.
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Figure 2.1: The terpenoids from Pavonia genus plants(Albuquerque et al., 2022)

A phytochemical study of Pavonia multiflora ethanolic extract from the leaves led to
isolation of esterified derivative of triterpenoids taraxerol p-methoxy benzoate,
including four phenolic compounds; p-hydroxybenzoic acid (34), p-coumaric acid
(35), vanillic acid (36) and ferulic acid (37) and five terpene derivatives;oliolide,
vomifoliol (38), 4,5-dihydroblumenol A (39), 3-oxo0-a-ionol(40) and blumenol C (41)
(Lopes et al., 2016). Figure 2.2 shows some of the terpenoids and phenolic

compounds found in p. multilora.

(34) (35)
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Figure 2.2: The triterpenoids and phenolic compounds from Pavonia multiflora
plant(Mus et al., 2022)

GC-MS analysis of volatile oils from Pavonia odorata aerial parts revealed
ageratochromene (42), palmitic acid (43), hexahydro farnesyl acetone (44), -eudemon
(45), and -caryophyllene oxide (46)-caryophyllene oxide's volatile oil aroma
components were found (E)-pinocarveol (47), 3-butylpyridine (48) and 2-nonanone
(49). Additionally, pavonenol,(50) (C15H240) a sesquiterpene alcohol, was said to be
present in Pavonia odorata (Masoko and Makgapeetja, 2015). Figure 2.3shows some

of the volatile oils and sesquiterpenes alcohol found in PavoniaOdorata plant.

(42)
(43)
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Figure 2.3: The volatile oils and sesquiterpenes alcohol found from

PavoniaOdorata plant (Fahim et al., 2017)
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A study of the antioxidant activity of Pavonia sepioides revealed the presence of low
molecular weight phenolic compounds such as salicylic acid(51), cinnamic acid(52),
p-hydroxybenzoic acid (53), p-hydroxyphenylaceticacid (54), p-hydrocinnamic
acid(55), vanillic acid(56), gentisic acid(57), P-cinnamic acid(58), protocatechilic
acid(59), syringic acid(60), ferulic acid(61) and caffeic acid(62) (Gasca et al., 2013).

Figure 2.4shows some of the anti-oxidative compounds from Pavonia Sepioides plant.

H H
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Figure 2.4: The anti-oxidative compounds from Pavonia Sepioides plant
(Gasca et al., 2013)

Phytochemical investigation on Pavonia zeylanica demonstrated that the plant is a
significant source of water-soluble polyphenols, including flavonoids (Shrivastava,
2010). To determine its pharmacological activity, an aqueous extract of Pavonia

zeylanica leaves was tested on alloxan hyperglycemic rats. The main chemical

elements of the extract were flavonoids and tannins (Shinde and Mulay, 2015).
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The landmark finding that is very relevant for this work is that the structures of
Pavoniahave functional groups with lone pairs that have the potential to complex with

heavy metals.

2.7Pavonia urens

Figure 2.5 shows pavonia urens under study that belongs to genus pavonia and

Malvaceae family.

Figure 2.5:Pavonia urens plant

2.7.1Physical characteristics
A huge shrub-sized herb known as Pavonia urens has up to three large, variables; 3-5
lobed leaves 6-12 liners on the epicalyx bracts (de Boer et al.,2005).Table 2.3 shows

the nomenclature of Pavonia urens plant.
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Table 2.3: Nomenclature of Pavonia urens

Group Dicot

Family Malvaceae
Genus Pavonia
Species Pavonia urens

Also called flora of Zimbabwe, stinging Pavonia (Sseruwagi et al.,2005). Other
names;

Kalenjin-motosiet

Kikuyu- maigoya

Luhya- Kiroga

2.8 Complexation by coordination of heavy metals and functional groups

Complexation is the process by which two or more species become one. Between the
metal ion and the ligands, mononuclearcomplexes occur. The polynuclear complex
contains several metal ions, each with a positive charge.Desorption of adsorbed metal
ions and regeneration of numerous bio sorbents are easy with the polynuclear
complex. This is because the biomass cell wall contains functional groups such as

amine, carboxyl, hydroxyl, phosphate, and sulthydryl (Dey et al., 2021).

Thus, coordination complexation involves two electron transfers from ligand to metal
ion (Khare et al., 2021). This experiment investigated plant molecule coordination via
a coordination complexation mechanism. Chemistry of metal ions involved reacting

with ligands (neutral or negatively charged compounds). A metal complex or



25

coordination compound is the consequence (Dinu and Shkinev, 2020). The metal ions,
ligand type, ligand combination, shape, and bond angle all affect the coordination
compound's character (Liuet al., 2014). Electron paramagnetic resonance (EPR), UV-
visible and infrared (IR) studies can be used to analyse complex chemical synthesis in
plants and metal ions with d-electron and their coordination modes (Zabiszak et al.,

2021).

The ideal conditions for UV-VIS measurements on systems can be determined
(Mocanu et al., 2021).For instance, the, spectroscopic research on complex formation
in systems containing L-tartaric acid or L-malic acid and divalent metal ions of
copper (1), cobalt (11), and nickel (1) has been done by ( Zabiszak et al., 2021). They
used UV-VIS spectroscopy to confirm metal ion coordination with plant ligand
complexes. To test their hypothesis, they employed a shift in absorbance,
towardshorter wavelengths. To them, differences in spectrum features are produced

by oxygen in -hydroxy acid molecules bonding to copper (II).

There were no significant wavelength changes at maximum absorption to longer
wavelengths in complexes with fully deprotonated acids in systems including cobalt
(1) ions. Nickel (1) ions complexed with L-tartaric and L-malic acids showed a
modest blue shift. Their results show that adding L-tartaric and L-malic acids to metal
ions affects the internal coordination sphere due to complexation. The spectra show
that adding copper, nickel, and cobalt salts to the ligand solution adds new bands. The
bands show that plant ligands can interact with metal ions (Qureshi et al., 2009). Cu*

absorbs the most.
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Complexation occurs in an environment where cation—lone pair interactions favour
complication with more polarizable transition metal ions(Mocanu et al., 2021).Reddy

proposed that the strong red-shift in wavelength is attributed to the cation—lone pair

interactions as proposed in Scheme 2.1.

Scheme 2.1: Proposed interaction of p-morpholinomethylcalix [4] arene with

divalent metal ion, M?*

Its improved metal ion extraction capability may be due to its four nitrogen -
containing binding sites aligning with the metal ion's square planar geometry,
according to scheme 2.2. The delicate nature of the nitrogen-metal ion connection

allows for better interaction (Qureshi et al., 2009).

Lewis’s acid is a metal ion that can accept electrons from Lewis’s base ligands (Doddi
et al., 2019). The steric barrier caused by the arene's staggered conformation has
changed the geometry of the arene with the metal ion (Bickelhaupt and Baerends,
2003).

The colorimetric chemosensor 1-(2-thiophenylimino)-4-(N-dimethyl) benzene (SL1)
was synthesized and tested. In addition, it has azomethine (>C=N-) and thiol (-SH)

the molecules that can create metal complexes. In a solution of water and
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dimethylformamide, the sensing capabilities of Cu**, Ni** and Zn®** metal ions were

examined (DMF).

The Schiff base ligand showed colorimetric properties with metal ions, resulting in a
different colour shift for each metal. This charge transfer occurred when the ligand
was introduced to the metal ions, as shown by the strong red shift (69-288 nm) in the
UV-vis spectra (LMCT). The UV-VIS spectra revealed a large red shift (69—288 nm)
from the origin when the ligand was added to these metal ions, which could be
attributed to charge transfer from the ligand to the metal (LMCT) (Alorabi et

al.,2020) as proposed in the scheme 2.2.

Scheme 2.2: Possible metal complex structure

Another study tested the ability of cation receptors to perceive transition metal ions
calorimetrically. An apparent colour change (from colourless to yellowish brown for
Cu?") and UV-vis absorption spectrum shift occurs quickly when metal ions are
introduced to these sensors' methanol solutions. Cu?* ions boosted colour change and
receptor binding ability more than other ions, according to ocular and UV-VIS

spectral changes(Gupta et al., 2013), as shown in thescheme 2...
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Scheme 2.3: Proposed interaction of selective receptors with copper ions

Prior to this, Drynan et al., (2010), established the synthesis of Ce (I11)-complexes
from black tea extract solution, which was characterised byFourier Transformed
Infra-red spectroscopy (FT-IR). The studies showed that cerium cations and
polyphenols worked together. A wide band at 3401 cm™ was linked to polyphenol O-

H and N-H stretching modes (Senthikumar and Sivakumar,2014).

Significant bands at 3310.7 cm™ and 1628 cm™, both related with hydroxyl (OH)
functional groups were detected and found in aldehydes and phenols, and C=C bond
stretching in aromatic ring compounds (Saif et al., 2016). The C-O stretching in
amino acids created another band at 1029 cm™ (Dubey et al.,2017). The FT-IR bands
at 3388 cm™, 1636 cm™, and 1039 cm™ are related to the O-H/N-H, C=C, and C-O-C
strains, respectively (Cai et al.,2015). These are the main functional groups in tea

extract.

With metal cations, these functional groups form metal complexes (Wu et al.,2010).
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Theanine, catechin, caffeine, and theaflavine are all trivalent ions found in tea extract

solution represented by Schemes 2.4-2.7

Scheme 2.4: Theanine and the suggested Ce (111)-complex formation structure
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Scheme 2.5: Catechin and the predicted Ce (111)-complex formation structure
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Scheme 2.7: The suggested structure of the Ce (l11)-complex formation and

theaflavin

Another study found quercetin, a flavonoid, had hydroxyl, carbonyl, and ether groups
(Corradini et al.,2011). The UV-VIS and FT-IR experiments looked at the binding
sites and coordination characteristics of metal-quercetin complexes. The UV-VIS
spectra of quercetin in methanol revealed absorption bands at 376 nm and 260 nm
corresponding to n-* and -* transitions. The metal quercetin compound showed a 376
nm absorption band transition, indicating a redshift (Zhang et al.,2019).From 1662 to
1653 cm™ with the addition of metal ions, the FT-IR spectra shown. This change

confirmed metal-oxygen cooperation (Alugoju et al.,2019).Peaks at 1541 and 1373
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cmare linked to binding site vibrational modes of the C-O group. Peaks at 1662 and
1274 cm™ correspond to C=C and C-O-C bond stretching, slightly displaced due to

metal complex production (Lakshmi et al.,2019) as shown in the scheme 2.8.

Scheme 2.8: Quercetin and its possible chelating sites of quercetin with metal ion

The absorption spectra of phenols depend on steric effects, intra- and intermolecular
H-bonding, and electron-withdrawing and electron-donating substituents in the
benzene ring (Mathiyalagan andMandal,2020). A case at hand of quercetin scheme
2.8, showed the possible chelating sites at OH of C3, C5, C3’ and C4’but not OH at
C7. This is due to steric hindrance, which is greater at C7 than at C3, C5, C3’ and
C4’. The epoxy also plays a role of steric hindrance because of the bulkiness of the
groups at the atoms. This may slow or prevent reactions at the atom (Grzelczak et
al.,2012). This is evident in scheme 2.1, where steric hindrance is responsible for the
observed shape and geometry of the compound. Bulky groupsexert substantial

repulsion against the incoming reactant, resulting in steric strain (Pinter et al.,2012).

In scheme 2.2, the amino group bonded to two methyl groups makes the compound
stable and no reaction takes place through these groups because the methyl groups are

bulky. They are larger than the hydrogen atom. Trans-orientation produces a more
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stable product due to steric hindrance which causes limitations of the substituents.
Unlike the case in scheme 2.1 the cis-molecule, the OH and epoxide the substituent
repels each other because of molecule interactions (Mathiyalagan andMandal,2020).
This is also evident in scheme 2.6. Complexationusing Pavonia urens as a plant
material provides an opportunity to explore adsorption of metal ions hence their

removal from the environment.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Materials
3.1.1 Reagents/chemicals
Sulphuric acid, acetic acid, ethanol, distilled water, n-hexane, concentrated
hydrochloric acid, chloroform, acetone, ethyl acetate, NaOH,HNO3; and methanol.

The chemicals were purchased at Chemo-quip Kenya and were of analyticalgrade.

3.1.2 Instrumentation
The equipment used for analysis included:
GC-MS (Turbo mass model 20141128), UV-VIS spectrophotometer (Shimadzu, UK),

Absorption Spectrophotometer Model SPECTRA AA — 200 (Varian, Australia).

3.2 Methods

3.2.1 Plant collection and identification

The plant materialwas collected in the environs of University of Eldoret, Uasin-Gishu
county of Rift Valley region as shown in figure 3.1. The geographical coordinates of
the collection area were 00 35°30° North, 35° 19°00° East. Fresh plant was picked and
taxonomically identified at the Department of Biological Sciences Herbarium,
University of Eldoret. The wvoucher specimen HM 2020/01 was deposited

appropriately for future references.
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Figure 3.1: The map of the site where the plant material was collected (Achieng
etal., 2017)

3.2.2 Summary of experimental procedure
This is the schematic flow chart that was followed in extraction, fractionation and

characterization of plant material fractions.
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Figure 3.2: Extraction and characterization of crude extract fractions

3.2.3 Sample processing

The leaves of the plant were washed and weighed before air drying for 2 weeks to
remove water completely. Its weight was taken again after grinding into fine powder
S0 as to increase the surface area of the sample and enhance the contact between the

solvent and the sample.

3.3 Solvent Extraction
Two kilogrammes of leaves plant material were ground into fine powder using an
electric grinder, and then extracted for 72 hours using increasing polarity solvents

starting with hexane, dichloromethane, ethyl acetate, acetone and methanol. The
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extract was decanted and filtered with Whatman filter paperthen concentrated and
solvents were recovered on a rotator evaporator (Buchi Rotavapor R-205, England).

Percentage yield of Pavonia urens extracts was determined by using Equation 1.

Percentage yield = % x 100............. (Equation 1)

0

where,
W,: The weight of the initial dried sample.
W;: The weight of the container alone

W,: Weight of the extract and container

3.4 Spectroscopic Analysis of the Fractions

The solvent fractionswere subjected to spectroscopic analysis and compared with the
spectral data reported in literature. The GC-MS analysis was performed on a Turbo
mass model 20141128. Oven initial temperature was 200°C for 1 min, ramp 15
°C/minute to 300 °C. Carrier gas was He, solvent delay was 2.10 min, transfer
temperature was 200 °C, source temperature was 180°C, and scan was 45 to 800Da,
column measurements were 30.0m by 250um. Identification was based on sample

condition data.

The GC indicated the relative concentrations of various compounds which were
eluted at different retention times. Mass spectrometer analyzed eluted compounds at
different times identifying the structures and nature of the compounds.

For the UV- visible Spectrophotometer, dry fraction weighing 2 g of the fraction was
mixed with 100 mL distilled water to dissolve it and 2 mLwas placed in a cuvette in
every analysis. The samples were scanned at the range of 220-500nm to detect its

characteristic wavelength of absorption.
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3.5 Preparation of Metal Aqueous Solution

Stock Zn (1) having concentrations 1000mg/L was prepared by dissolving 4.40 g of
zinc sulphate in 100 mL and diluting quantitatively to 1000 mL. To this stock solution
100 ppm was prepared of which 2 mL in every analysis was used. A similar procedure
was adopted for the preparation of copper chloride (2.70 g) and nickel chloride (4.10
g). The equation 2 was used;

(CO - CC)V

1000w + e e e Equation 2(Ali & Seng, 2018)

q=
where,
v-is the volume of the solution in mL
w- is the mass of the substance in g.
C.- initial metal ion concentration (mg/l)

Co-final metal ion concentration (mg/l)

3.6 Analysis of complex formation using UV-VIS spectroscopy
Two (2 g)ofthe dried plant material samples (that had already been prepared) were
combined with 100 mL of distilled water, vigorously agitated for 10 minutes, and then

filtered using Whatmann filter paper.

The samples were scanned at the range of 250-500 nm to detectcharacteristic
wavelength. Other measurements included spectrum observation for free single metals
and plant materials that is Zn (I1) and plant material, Cu (II) and plant material and Ni

(1) and plant material. Then the combinations of ions with plant materials followed.
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Part 1: Analysis of plant with metal ions separately,
Zn**+ plant
Cu*+ plant
Ni?*+ plant
Part2: Analysis of:
(Cu?*+ plant) followed by Ni**
Ni?* (Cu**+ plant) followed by Zn**
Zn**+ (Cu®*+ plant) followed by Ni?*
Part 3: Analysis of:
(Ni**+ plant)followed by Zn**
(Ni** + plant) followed by Cu?*

Cu?*(Ni**+ plant) followed by Zn**

3.7 Biosorption studies using Atomic Absorption Spectrometer

To change the pH to the necessary whole number value of 6, a diluted solution of 0.1
M HNO3 and 0.1 M NaOH was used. Before measuring biosorption, the absorbance
of known standard solutions of each metal ion was established in order to create
calibration graphs. 1 g of Pavonia Urens was added to the contents of each plastic
bottle, which had a pH of 6, and was periodically shaken before being allowed to
settle before readings of absorbance were taken. To determine the concentration using
AAS (SPECTRA A A-200, Varian, Australia), a 5 mL solution was extracted.

Over the course of 120 minutes, metal concentrations were assessed every 20 minutes.
Pavonia performed mixed metal ion biosorption at pH 6. By deducting the leftover
concentrations from the initial values and dividing by the initial metal concentration

values for each metal (mg/L), the concentration of metal ions that were biosorped was
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calculated. Equation 3 was used to compute absorption by comparing changes in

concentration over time to changes based on maximum biosorption.

Qo =G e equation 3, (Vijayaraghavan et al., 2016)

ge = metal sorption capacity (mg/L)
C; = initial metal ion concentration (mg/L)

Cs = final metal ion concentration (mg/L)

Adsorption equilibrium studies were used to look at the adsorption potential of
Pavonia urens leaves. In this study, the concentration of metal ions in solution and the
amount of Cu, Ni, and Zn ions absorbed by Pavonia urens leaves (ge) were studied.
Equations 4 and 5 were used to plot data that was fit to the Langmuir and Freundlich

isotherms in order to study this adsorption behavior.

C _ G 1 . .
PRl + Ko e equation 4 (Medhi et al., 2020)

where,

ge =the quantity of absorbed metal per unit weight at equilibrium (mg/g)

C.= the residual metal concentration (mg/L)

Omax = the maximum quantity of metal (mg/g)

K_=parameter that affects how well the binding sites bind to each other (L/mg).

The adsorption behavior on heterogeneous adsorbent surfaces was described by the
Freundlich isotherm, which assumes that multilayer adsorption occurs on a

heterogeneous surface. Equation 5 can be used to describe this isotherm.
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0= KE(Co) ™ e equation 5 (Daochalermwong et

ge=the equilibrium adsorption capacity (mg/qg)
C.=the amount of metal in solution needed to reach equilibrium (mg/L)
Kr=the empirical Freundlich constants associated with the capacity

1/n= intensity of adsorption.

According to the Temkin isotherm model, adsorbate-adsorbent interaction results in a
linear decrease in adsorption energy with surface coverage. The Temkin isotherm has
a linear form in equation 6.

q, =BInA +BInCe....oovvvniii (6) (Kausar et al., 2013).
where,

Ce=concentration of the adsorbate at equilibrium mg/L

ge.=the metal adsorption concentration (mg/g)

B = RT/bT where,

R is the ideal gasconstant (8.314 J mol*K™) and

T is the temperature in Kelvin

bT is the Temkin isothermconstant.

Thermodynamic parameters (AH®, AG® and AS®) were used to calculate the
spontaneity of adsorption process. The equation below was employed.

AH?= CpAT i, equation (7) (Mangumet al., 2001)
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where,
A H? is the change in enthalpy (kJ/mol),
C, is the heat capacity constant for different metals J/Kg/K

A T is change in temperature (Kelvin).

The free energy change of the sorption reaction is given by the following equation.
AG° = —RTInKj ........ooooiiiii equation(8) (Aravindhan et al., 2007)
INK =-AG°/RT K -antilog in natural ;oy of -AG/RT.
where,
AG? is standard free energy change,
R is the universal gas constant (8.314 J/mol K),

T is the temperature in Kelvin.

Kie— equation(9) (Sari &Tuzen,2009) is the distribution

coefficient
where,
C.is the solution's equilibrium concentration, expressed in mg/L,
C,eis the solution's equilibrium concentration on the sorbent-adsorbent
difference is(C¢-C;).
AG°= AH°— TAS®
where,
A S°,change in entropy (kJ mol ™ K™).
According to equation (10), the values of enthalpy AH® and entropy AS°® were derived

from the slope and intercept of the plot of In KL against 1/T.

INK;, =———.......ccceinn. equation (10) (Flores-Gamica et al., 2013)
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Fractionation of crude extracts of Pavonia urens
Medicinal plant analysis begins with extraction, it is necessary to take the desired
chemical components out of plant materials in order to further separate and
characterize them. There were fractionated crude extracts of Pavonia urens. The
shexane, dichloromethane, ethyl acetate, acetone and methanol extracts were labeled

as 1A, 2A, 3A and 4A respectively.

4.2 Spectroscopic Analysis of the fractions

4.2.1 GC- MS

Fractions; 1A — 4A were characterized by GC-MS. The results presented in GC-MS
chromatogram reveals the presence of 15 peaks in Fraction 1A as seen in Figure4.1.
NIST (National Institute of Standards Technology) library match characterized them
into several different phytochemical constituents. Elution occurred between retention
times (RT) ranging from 7.866 to 29.187 minutes. The details of each compound were
tabulated in Table 4.1. n-tetracosanol-1 (40.73%) andhen eicosane(10.13%)
predominantly occurred among the compounds characterized. Other compounds
present in very less quantity in the fraction as presented in Table 4.1.and their

structures are given in Appendix I.
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Figure 4.1: Fraction 1A chromatogram

N/B: Peak numbers correlate to compounds listed in Table 4.2 below.

Table 4.1: Chemical composition of Fraction 1A

Retention Area Height

SIN time Area % Height % Name
1 7.866 10616 0.9 7358 1.53 Nonanal
2 11.038 15385 1.31 9683 2.01 Undecanal
3 12.222 15351 1.31 9975 2.08 Tetradecane
4 14.895 41096 3.5 24155 5.03 Hexadecane
5 17.288 19972 1.7 11104 231 Heptadecane
6 19.409 221635 18.85 119837 24.93 n-Tetracosanol-1
7 20.477 31953 2.72 18255 3.8 Tetracosane
8 21.569 257304 21.88 106582  22.17 n-Tetracosanol-1
9 22.108 43364 3.69 19583 4.07 Henicosanal
10 22.941 119050 10.13 36041 7.5 Heneicosane
11 245 31076 2.64 14707 3.06 Bacteriochlorophyll-c-stearyl
12 24.557 25710 2.19 14154 2.94 Heneicosane
13 25.379 77508 6.59 20940 4.36 Docosanal
14 26.596 209209 17.79 52828 10.99 Tetracosane

15 29.187 56469 4.8 15458 3.22 Tetracosane
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The results presented for GC-MS chromatogram revealed the presence of 11 peaks in
Fraction 2Aand are shown in Figure 4.2. and Appendix Il. NIST library match
characterized them into several different phytochemical constituents. Elution occurred
between retention times (RT) ranging from 14.596 to 28.375 minutes. The details of
each compound are tabulated in Table 4.2. Squalene (70.01 %) and stetratriacontane
(13.27 %), predominantly occurred among the compounds characterized. Other

compounds were present in low fractions.
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Figure 4.2: Fraction 2A chromatogram
N/B: Peak numbers correlate to compounds listed in Table 4.2.



Table 4.2: Chemical composition of fraction 2A
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Retention Area
SIN time Area % Height Height % Name

2(4H)-Benzofuranone, 5,6,7,7a-

1 14.596 25597 0.63 13566 2.03 tetrahydro-4,4,7a-trimethyl-

2 19.404 199887 493 114316 17.14 n-Tetracosanol-1

3 19.877 538468 13.27 87300 13.09 Tetratriacontane

4 21.565 218815 539 101071 15.15 n-Tetracosanol-1

5 22.101 35323 0.87 15888 2.38 Eicosanal-

6 22.987 12595 031 5398 0.81 1,1-Biphenyl, 2-(phenylmethyl)-

7 24.485 93703 231 27674 4.15 n-Tetracosanol-1

8 24.639 25340 0.62 9638 1.45 n-Tetracosanol-1

9 25.277 2841078 70.01 278236 41.72 Squalene

10 27.834 50623 1.25 8650 1.3 2-Bromotetradecane

11 28.375 16666 0.41 5190 0.78 Nonadecyl heptafluorobutyrate

The results presented in GC-MS chromatogram revealed the presence of 13 peaks in

Fraction 3A and shown in Figure 4.3and Appendix [Ill. NIST library match

characterized them into several different phytochemical constituents. Elution occurred

between retention times (RT) ranging from 12.454 to 19. 789 minutes. The details of

each compound are tabulated in Table 4.3. Hexadecanoic acid (37.04 hexadecenoic

acid methyl ester (18.14 %), and tetratriacontane(9.03 %), predominantly occurred

among the compounds characterized. Other compounds were present in very low

quantities in the fractions as presented in Table 4.3.
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Figure 4.3: Fraction3A chromatogram

N/B: Peak numbers correlate to compounds listed in Table 4.4.
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Table 4.3: Chemical composition of fraction 3A
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Retention Area Height
SIN time Area % Height % Name
Benzene, 1,2-dimethoxy-4-propenyl-,
1 12.454 10815 0.81 6115 1.05 (2)-
2 12.902 20253 151 11412 1.97 Nonanoic acid, 9-oxo-, methyl ester
3 13.847 11952 0.89 8229 1.42 Nonanoic acid, 9-oxo-, ethyl ester
4 15.362 121195  9.03 15856 2.73 Tetratriacontane
5 15.806 314112 234 35954 6.2 Tetratriacontane
6 17.831 28147 2.1 16466 2.84 2-Pentadecanone, 6,10,14-trimethyl-
7-Hexadecenoic acid, methyl ester,
7 18.543 8484  0.63 8448 1.46 -
1,6,10,14,18,22-Hexacosahexaen-3-ol,
2,6,10,15,19,23-hexamethyl-, (all-E)- (.
8 18.683 22294 1.66 14393 248 +/-.)-
9 18.742 497413 37.04 288780 49.81 Hexadecanoic acid, methyl ester
Undec-10-ynoic acid, tridec-2-yn-1-yl
10 19.029 17286 1.29 8893 1.53 ester
11 19.36 6136 0.46 6954 1.2 Ethyl 9-hexadecenoate
12 19.434 243517 18.14 143494 24.74 Hexadecanoic acid, ethyl ester
13 19.789 40742 3.04 14920 2.57 Tetratetracontane

The results of fraction 4A shown in GC-MS chromatogram revealed the presence of 9

peaks shown in Fraction 4A and shown in Figure 4.4and Appendix IV. NIST library

match characterized them into several different phytochemical constituents. Elution

occurred between retention times (RT) ranging from 14.955to 24. 818 minutes. The

details of each compound are tabulated in Table 4.4. Phytol (29.1 %) tetratriacontane
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(15.59 %), and hexatriacontane (10.81%), predominantly occurred among the
compounds characterized. Other compounds were present in very low quantities in the

fraction as presented in Table 4.4
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Figure 4.4: Fraction4A chromatogram

N/B: Peak numbers correlate to compounds listed in Table 4.5.

Table 4.4: Chemical composition of fractions 4A

Retention
S/N time Area Area % Height Height % Name
1 14.955 79971 10.89 11658 5.05 Hexatriacontane
2 15.254 114467 15.59 12459 5.39 Tetratriacontane
2-Pentadecanone,6,10,14-
3 17.825 23760 3.24 13297 5.75 trimethyl-
I-(+)-Ascorbic acid 2,6-
4 19.175 73313 9.99 28466 12.32 dihexadecanoate
5 19.402 52572 7.16 27975 12.11 9-Tricosene, (2)-
6 20.7 213681 29.1 88332 38.22 Phytol
7 21.559 49245 6.71 22394 9.69 n-Tetracosanol-1
8 23.727 71790 9.78 16008 6.93 10-12-Pentacosadiynoic acid

9 24.818 55364 7.54 10479 4.54 10-12-Pentacosadiynoic acid
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Mass fragmentation of fractions 1A — 4A revealed most of these compounds
identified contained functional groups with O-H, C=0, C - N and N-H having lone
pairs and thus displaying the potential to form complexes with metals (coordinate
bond formation).

From the chemical, physical, and spectral evidences compared with the ones in
literature, possible structures of fractions 1A — 4A with lone pairs can bind with metal
ions. These fractions show a schematic view of proposed binding of metal ions with

some structures of some compounds of Pavonia urens.

Fraction 1A:Bacteriochlorophyll-C-stearyland proposed possible metal complex

structure
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Fraction 3A:Phenol,2-methoxy-4-methyl-6-(propenyl) and possible metal complex

structure
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Fraction 4A: Ascorbic acid 2,6-dihexadecanoate and possible metal complex structure

M?*=Cu?* and Ni**ions

Figure 4.5: The proposed compounds present (fractions (1A,2A,3A and 4A) in
Pavonia urens and possible metal complex structures

Substituents in the benzene ring that remove or donate electrons, the steric effects and
inter-molecular, intra-molecular H-bonding affectthe absorption spectrum of phenols
(Mathiyalagan andMandal,2020). In fraction 1A, a complex formation of the metal
ion with the amino group took place, other sites like the OH and C=0 could not form
due to steric hindrance. The epoxy also contributed to steric hindrance since the group
is bulky. This could reduce or prevent reactions at the atom (Grzelczak et al.,2012).
This was evidenced in fractions 2A and4A in which, steric hindrance is responsible
for the observed shape and geometry of the compound. The steric barrier caused the
complex compound change the conformation and geometry of the functional group

with the metal ion (Bickelhaupt and Barends,2003).

Bulky groups exert significant repulsion against the incoming reactant, resulting in

steric strain. This effect slowed down the reaction by reducing the reactive centre's
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accessibility (Pinter et al.,2012). In fraction 2A, the amine group formed a complex
with the metal ion while in fraction 4A, formation of a complex with C=0 and OH
occurred. The nature of binding nitrogen and metal ion connection allowed for better
ion-functional group interactions (Qureshi et al., 2009). The epoxide repelled each
other because of molecular interactions and steric hindrance (Mathiyalagan and
Mandal, 2020). For fraction 3A, the complex was formed between the methoxy and
hydroxyl group with the metal ion. The oxygen atom has two lone pairs of electrons
while methyl groups are bulky but the methyl groups were hindered because of its

size.

4.3 UV- VIS analysis of complex formation between heavy metals with Pavonia
urens compounds

Spectroscopy confirmed the production of complex chemicals in metal ion systems.
From the UV-VIS spectra, it was observed that there was a shift in wavelength of the

plant material when metal ions were introduced as shown in Figure 4.7.

3
311 312 i
Flant Material (311nm)
Zn®" + Plant Material (312 nm)
Cu®* + Plant Material (301 nm)
> Ni®* + Plant Material (304 nm)
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Figure 4.6: UV/VIS absorption of plant material and Cu®*, Ni**, Zn*" ions at c=4 x 10°
¥ mol dm™
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When copper ions and nickel (11) ions were introduced separately,a shift to shorter
wavelength from original 311 nm to 302 nm and 305 nm, respectively occurred.
Therefore, there was a decrease in absorption frequencies in both cases. This
bathometric shift occurred as a result of coordination. However, for zinc (Il) ions,
there was almost no observable shift from the original plant material spectrum. The
change in shift of wavelength or frequency demonstrated coordinate bond formed
through the lone pair from the functional groups in the plant cell with the metal ion.
For example, functional group -OH, a bond formed can be illustrated as M**... O—H,
where M?*... O shows interactions of different groups in plant material havingO-atom
with different metal ions. The O-H bond of the plant cell is affected by shifts of
wavelength with lowering or increasing absorption bands. For instance, for strong
coordinate bonds, M?*.... O is strengthened, while the O-H is weakened leading to a
shift to longer wavelength, that is lowering of stretching and vibrational energies. For
weak coordinate bonds, M?*.... O is weakened as the O-H bond is strengthened. This
is accompanied by a shift to shorter wavelength that increased stretching and

vibrational frequencies of O-H bond (Shoaib et al.,2011).

Based on the spectra obtained in Figure 4.6 above, copper ions had the largest shift in
wavelength range. Overall, the data show that the size of the metal ion's internal

coordination sphere changes (Scerri, 2011).

Since Pavonia urens compounds are deprotonated, they can operate as coordination
centers. In biological systems, these molecules can be partly or completely
deprotonated, allowing complexes with metal ions such as copper (I1) or nickel (1) to

form (Zabiszak et al., 2021). The reason could be ligand-to-metal charge transfer
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(LMCT). The coordination of deprotonated hydroxyl, carboxyl, and amine groups in
plant material with metal ions caused the development of new peaks (Rasheed and
Nabeel, 2019). The shift to shorter wavelength of different metals may be related to
differences in metal ionic size and atomic number (Scerri,2011) and encouraging the
transport of electron-generated charge within molecules donor (-OH) to the complex’s

metal ions.

Metal ion reduction was caused by charge transfer from oxygen O-H lone pairs to
partially filled metal d-orbitals. The variation to longer shift across metals may be
attributable to metal ionic size, these findings are supported with those of Alorabi et

al (2020).

Zinc is a metallic element with an atomic number of 30 and an electronic structure.
15°25%2p°3d"°. Therefore, the 3d orbitals are filled and there are no unpaired electrons
for the transition. Thus, zinc compounds are colourless (Crabtree, 2009) since there is
no d-d electronic transition. This confirms why there was no observable shift. In
addition, the coordinate bond between the electron pair acceptor from plant material
to say 4s orbital of Zn?* is of higher energy because energy needed to lower these sets
of orbitals is not achieved (Shoaib et al.,2011). However, charge transfer in Zn**may
involve higher energy orbitals such as4s. The possible binding mode is through the
coordination of the nitrogen atoms (N) and the oxygen atoms (O) of the functional
groups to form complexes with possible structures as shown in fractions 1A to 5A of

Figure 4.5.
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Pavonia urens compound complexes with metal ions have been established. In the
complexes, monodentate binding to negatively charged oxygen donor atoms (phenolic
and carboxylic functional groups) was observed, as well as a linear free energy
relationship between metallic and complexation or bidentate modes (Ratié et al.,
2021).The lone pair in ligands (such as OH,C=0 and N-H) is donated to the stable

and lowest empty orbital of the metal to form coordinate bond.

The atomic radii of the first series transition metals decreased with atomic number.
The increased nuclear charge attracts the electron cloud inward, reducing
metallic/ionic size. Horsefall and Spiff (2005) argued that decreased ionic radius leads
to more hydrolysis and less absorption. This confirms that absorption may be linked
to the hydration sphere depletion prior to hydrolysis. lonic size confirms there was
high interaction of copper ions with the plant material. Therefore, copper, could have
“displaced” zinc and formed bonds with plant material. Higher energy is needed to
break the bond formed between the functional group O-H with copper than with zinc

or nickel. Figure 4.7 shows UV/VIS absorption spectra of plant with Cu?".
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Figure 4.7: UV/VIS absorption spectra of plant material and their copper

complexes in a 1:1 ratio c=4 x 10 mol dm’

When Cu (1) was added to the plant,(Figure 4.7), the absorption of metal ions was
high as a result of interactions between metal ions and the active sites of bioactive
groups of the plants cell. With the addition of nickel ions, for example, the metal ions
compete for binding sites, causing overlapping of absorption bonds due to particle
crowding. Due to its smaller ionic radius and higher hydration energy, Zn (1) could
have, in general, easier access to plant pores than Cu (II) and Ni (I1) (Shoaib et al.,

2011).
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Figure 4.8: UV/VIS Absorption spectra of plant material and Nickel complexes

ina1:1 ratio c=4 x 10° mol dm

In Figure 4.8, the UV-VIS spectra of nickel with plant material showed a shift to
shorter wavelength from original 311 nm to 304 nm. The shift to lower wavelength or
high stretching frequency formed a stronger bond with the functional group. This
showed there were high interactions of nickel with the plant material. This could be
maximum absorbance which was achieved because of increased accessibility to
interchangeable locations or surface area. When zinc ions were introduced, there was
not much observable change in wavelength although absorption slightly dropped
implying the interaction was quite low or absent. Copper and nickel ions competed for
active sites in plant material, which became saturated at a specific metal ion

concentration and absorption, therefore dropped.
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Figure 4.8, showed that there was a shift to different frequency levels after absorption.
When a new metal was introduced, the peaks shifted to higher energies of shorter
wavelength with functional group O-H and therefore increasing stretching and
vibrational frequencies. In this regard with copper ions, there was a shift to shorter
wavelength due to weak bond formation with the functional group. This was also seen
with nickel ions. The metal ion adsorption on the surface of the plant material was

typically established by this shifting of bands.

Complexes between Pavonia urens compounds and d-electron metal ions have been
observed. Overall, the data showed that metal (I1) ions had a higher propensity for
coordination with the examined ligands in order of copper(Il) >nickel(1)> zinc (1),

showing metal complexes possessing a good absorption ability.

4.4 Biosorption of heavy metals by Pavonia urens using atomic absorption
spectroscopy

4.4.1 Effect on contact time

Parameters remained constant were, pH at 6, dosage of biosorbent at 1 g and agitation
speed at 125 rpm in all the experiments. For the various concentrations of Zn (1), Ni
(1), and Cu (I1), the impact of contact time on the biosorption process was examined

over the time range of 0 to 120 min at the optimum dose.
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Figure 4.9: Effects of contact time on metal absorption

The gradient of metal biosorption was first steeper and then gradually decreased with
time. Pavonia urens when used as an adsorbent, Figure 4.9 and Appendix V, it is
shown that there was an evident increase in removal of bimetallic ions up to 40 min
with further increase in contact time up to 120 minutes, where the increase in removal
of metal was quite minimal. This was because there were initially an infinite number
of active sites, and the second phase took place after the bulk of active sites had been
occupied resulting in metal ion dispersion into the plant material's cells. These results
are in agreement to those of Ayabei and Kituyi (2013). More so, the number of active
sites per absorbate, the adsorbate's particular interactions with each adsorbate, and the
adsorbate's diffusion in each adsorbate medium should be considered. These findings

are in agreement to those of Iftekhar, (2018).

The optimum condition of Cu (Il) ions was obtained at the contact time of 40 min.
The first 20 min displayed steeper gradient and, this could be attributed to the less
hydration sphere of copper which is a fairly big ion. The ionic size confirms there was

high interactions of copper and plant material (Horsefall and Spiff, 2005). The second
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phase was from 60 min to 120 min whereby biosorption was gradual implying the
active sites were saturated. This observation was similarly reported that the adsorption

takes place in two phases using coffee husks as low-cost adsorbent (Arun et al.,2018).

Nickel uptake by plant material was also in phases. The first phase up to 40 min was
related to external surface biosorption where adsorption occurred instantaneously. The
second phase was from 40 to 60 min where there was gradual biosorption. This
observation can be seen in the biosorption experiment done using coir fibers (Shukla
et al.,2006; Kulkarni et al., 2022). Nickel being a big ion is less hydrated and having
lower hydrated radius made the ions to move faster (Shoaib et al., 2011). The last

phase was from 60 to 120 min which showed minimal absorption.

Zinc ions uptake from solution showed that biosorption was the equilibrium process
in which the optimum biosorption reached after about 10 minutes. The biosorption
remained almost constant from 10 to 120 minutes. However, adsorption slows down,
because initially a high number of vacant surface sites may be available for adsorption
and after sometime, the remaining free sites may be difficult to occupy due to
interactions between the solute molecules of the solid and bulk phase (Bishnoi et al.,
2007). These results are in agreement with the results reported of low absorption of

zinc metal using algae and plant biomass (Melcakova and Ruzovic, 2010).

It was also noted that all the metal ions absorption gradually increased with time but
reached maximum adsorption efficiency where it remained constant. These results can

perhaps be explained by the production of complexes by coordinate bond.
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4.4.2 Influence of temperature
To assess its thermodynamic parameters and data, equilibrium studies at two different
temperatures—298 and 300 K—at 125 rpm in a mechanical shaker were performed.

The results are shown in Figure 4.10 (a), (b) and (c). Appendix VI.

(a) Copper
100
80
ED 60
oo
£
< 40 —@— 298k
T
20 —@— 300K
0
0 1 2 3 4 5 6 7
Ce(mg/L)
(b) Nickel
80
70
60
@ 50
&
£ 40
= —e—298k
T 30
—@— 300k
20
10
0
0 1 2 3 4 5 6

Ce(mg/L)



62

(c) Zinc
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Figure 4.10: Temperature's impact on adsorption of copper (a) nickel (b) and

zinc(c) onPavonia urens leaves

From Figure 4.10, it was observed that the amount of Cu (II), Ni (I1) and Zn (1) ions
absorption decreased with a rise in temperature since the biosorption process diminish
with higher temperatures. In regard to copper ions at 298 K the absorption increases
and at 300 K absorption was lower than of 298 K but increases until it reached a limit
where absorption was gradual. For nickel ions absorption at 298 K was gradual to the
maximum point where as for 300 K it was lower while zinc ion absorption was
gradual for 298 K and at 300 K was lower. These findings are in agreement to those
of Manirethan (2018) but with less intensity, and physical functional groups

interactions occurred. These results were similar to those of Piccin, (2009).

The physical connections between metal ions and functional groups reduced when
hydrogen and coordination bond interactions were weakened at high temperatures,
hence higher absorption capacities at 298 K than at 300 K. A similar effect was

observed for adsorption of Congo Red by chitosan hydro beads (Chattejee et al.,
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2007). Due to a combination of factors, the adsorption capacity decreases as the
temperature rises. This demonstrated that an exothermic mechanism governed the
physio- sorption of functional groups in Pavonia urens leaves.A similar finding was

observed for adsorption of Indigo carmine dye by chitosan (Anjos et al., 2002).

4.4.3 Adsorption isotherm

The adsorption behavior was described using the Langmuir isotherm model. The
sorption process generated a monolayer at the surface, and the surface has a finite
number of identical sites, according to this concept. Equation 4on Page 30, can be
used to define this isotherm. Graphs illustrating the Langmuir isotherm for the metal
ions Cu (1), Ni (I1), and Zn (1) are shown in Figure 4.11 and Appendix VII.

Experimental data

The Figure 4.11and Appendix H, show the equilibrium data for copper, nickel and

zinc ions adsorption. This plot gevs Ce.
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Figure 4.11: Data from experimental adsorption equilibrium isotherms

From the Figure 4.11, it was observed that copper ions were absorbed faster than

nickel and zinc ions, that the adsorption process took place in two phases, the first of
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which was rapid and the second of which was gradual. This was owing to the fact that
there were an endless number of active sites. The second step took place when the
majority of the active sites were occupied and entailed the diffusion of the metal ions
into the plant material’s cells. Zinc, ions was the least adsorbed,in order of copper (II)

> nickel (I1) > zinc (I1), showing Pavonia urens possessing a good absorption ability.

(a)The Langmuir model plot
The values of Langmuir parameters gmax and KL were calculated from the slope and

intercept of linear plot Ce / ge vs Ce as illustrated in Figure 4.12and Appendix VIII
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Figure 4.12: Adsorption equilibrium isotherms of Langmuirfor Cu (1), Ni (I11)

and Zn (I1) ions on Pavonia urens

The regression coefficient (R®) of the model plays a big role in model fitting. The
value of R? indicates the type of Langmuir isotherm (Ho et al., 2002).The values of R?
in Table 4.5, are observed to be less than one in all cases, indicating favourable
adsorption of metals copper, nickel and zinc by Pavonia urens. These findings are in

agreement to those of Aman, (2018).The slope and intercept of the linear plot of
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Celqge vs Ce displayed in were used to derive the values of the Langmuir parameters
gmax and K. Figure 4. 12. Constant values that have been examined are provided in

Table 4.5.

This examines the likelihood of a heterogeneous distribution of active sites and

interactions between compounds that have been adsorbed.

(b) Freundlich plot
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Figure 4.13: Adsorption equilibrium isotherms of Freundlich

The Freundlich isotherm model plots [log(qe) vs log (Ce)] were drawn using
experimental data and illustrated in Figure 4.13 and Appendix IX; and the Constant
Kr and n/ 1 can be determined from the linear plot and using equation 5. The
evaluated constants are given in Table 4.5.All of the metal ions' n values are reported
to be larger than 1, suggesting favorable adsorption, and the sorption process is

physical adsorption. This effect is similar to those of Ngabura, (2018).
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(c) Temkin plot

The Temkin isotherm model states that the interaction between the adsorbate and the
adsorbent causes the adsorption energy to drop linearly with surface coverage. The
equation 6 on Page 31, is a linear representation of the Temkin isotherm. The heat of
sorption is represented by B, while A is the equilibrium binding constant. The values

of A and B are given in Table 4.5 and data in Appendix X and Figure 4.14.
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Figure 4.14: Isotherm for Biosorption of Temkin Cu (11), Ni (I1) and Zn (1) ions

onto Pavonia urens leaves.
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Table 4.5: Constants of the adsorption isotherm of Cu (I1), Ni (I1) and Zn (I1) on

to Pavonia urens leaves

Metals Cu (Il Ni (11) Zn (I1)
Langmuir
parameters
O 2.85 1.75 1.06
K. 0.08 0.2 1.20
R? 0.9902 0.9947 0.9966
Freundlich
parameters
Kr(mg/g) (L/mg)*" 0.62 0.680 0.805
n 1.98 2.35 3.80
R? 1 0.9903 0.9884
Temkin parameters
B (mg/g) 0.58 0.45 0.22
A 0.8 2.3 5.2
R? 0.9636 0.9726 0.979

Based on Table 4.5 and R? values of the sorption of Cu (1), Ni (11), and Zn (11), the

Langmuir isotherm fits the experimental equilibrium adsorption data better than the

Freundlich and Temkin isotherms. It can also be seen from Table 4.5, that the

Langmuir constant "gmaxwWas2.85, 1.75 and 1.06 and K, was 0.08, 0.2 and 1.2 for Cu

(1), Ni (1), Zn (I1). The positive sorption was shown by the regression coefficient

(R?) values being less than one and greater than zero for Cu (11), Ni (11) and Zn (11)

ions on to Pavonia urens leaves.
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The Freundlich constant Kg indicates the sorption capacity of the sorbent and the
corresponding values of K¢ 0.62, 0.68 and 0.82 mg/g for Cu (1), Ni (1) and Zn (I1). It
could be observed from the Table 4.5, that since the regression coefficient was 1 for
Cu (Il) implying a linear relationship and thus the Freundlich isotherm was not
followed.

However, n was high, suggesting that the adsorption on the adsorbate was favourable.
Furthermore, the respective values of ‘n’ at equilibrium werel.98, 2.35, and 3.8 for
Cu (I1), Ni (1), and Zn (1) ions, these values of ‘n” were between 1 and 10 indicating

favorable adsorption for the Freundlich mechanism.

By this mechanism, the order of absorption was copper (1) > nickel (I1) > zinc (l1).
Temkin isotherm favours all the metal ions. As a result, the Freundlich model's
adsorption mechanism suggested that the adsorption sites on the adsorbent of Pavonia
urens leaves are heterogeneous, with interaction between adjacent sites. These

findings are similar to those of Ngabura, (2018) and Mwandira, (2020).

4.4.4 Biosorption thermodynamics

Thermodynamic parameters AH°, AG° and AS° were used for calculating the
spontaneity of adsorption. Equations 7 and 8 in chapter three were employed. The free
energy change indicates how spontaneous the adsorption process is, with a higher (-)
negative value indicating a more energetically advantageous adsorption (Joshi et al.,
2020). The value of free energy AG®,AH° and AS° calculated from the slope and
intercept of the plot of In K against 1/T as given in equation (9) in chapter three. The
value of AH® and AS°® are tabulated in Table 4.6. The specific heat capacity of copper,

nickel, and zincare 0.4 J/gK, 0.44J/gK and 0.387 J/gk respectively.
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Table 4.6: Thermodynamic parameters for adsorption of Cu (1), Ni (I1) and Zn

(11) on to Pavonia urens leaves

Heavy metals T (K) AGP (kd/mol AHP (kJ/mol) ASP (J/mol K)
Cu 298 -2.150 -10.21 -24.77
300 -2.950
Ni 298 -1.920 -13.4 -33.55
300 -2.487
Zn 298 -2.32 -16.05 -45.05
300 -3.525

From Table 4.6, negative AG® values revealed clearly the spontaneous character of the

adsorption process and limited biosorption feasibility at extremely high temperatures.
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Figure 4.15: Plot of In Kl vs 1/T for estimation of thermodynamic parameters
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The exothermic nature of the adsorption was suggested by the negative values of AH®.
Therefore, the adsorption process is spontaneous since both AH° and AGP are
negative. The temperatures involved are low. AG® values are negative, involved
charge transfer from sorbent surface to the metal ion to form coordination bond. The
lower free energy values imply that the adsorption process is feasible. The change in
entropy AS° values that are negative suggests that the sorption is enthalpy-governed
rather than entropy-governed. It demonstrated that the freedom of metal ions is not
too restricted at the adsorbent surface. These results are in agreement to those of

Jayan, (2021).
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1 Conclusions

Solvent extraction of the Pavonia urens leaves using hexane, dichloromethane, ethyl
acetate and methanol resulted in four fractions labelled 1A, 2A, 3A and 4A. The
major compounds identified in fractions were as Bacteriochlorophyll-C-stearyl
(fraction 1A), cyclopentane carboxylic acid,3-(3-fluorophylcarbonyl)-1,2,2-trimethyl
(fraction 2A),phenol,2-methoxy-4-methyl-6-(propenyl) (fraction 3A) andascorbic acid

2,6-dihexadecanoate (fraction 4A).

Spectroscopy confirmed the production of complex chemicals in metal ion systems.
There was a shift in wavelength of the plant material when metal ions were
introduced. When copper and nickel (I1) ions were introduced separately a blue-shift
of wavelength was observed. In addition, there was decrease in absorption in both

cases showing a shift of wavelength through coordination.

Pavonia urens demonstrated high efficiency for biosorption of metals from aqueous
solutions. In this study, p. urens was able to remove 60 % of (Zn (1), 72% of Ni (II)

and 86% of Cu (Il) ions from aqueous solution.

The experimental data were represented using the Langmuir, Freundlich, and Temkin
adsorption models, with the Langmuir isotherm model fitting the data well. The
elimination of Cu (I1), Ni (I1), and Zn (1I) from aqueous solution of Pavonia urens
appeared to be spontaneous and exothermic, according to thermodynamic study.

This study revealed that the leaves of Pavonia urens could offer a potential adsorbent

for an effective, cheap, available and ecofriendly method as a result of complexation
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process with functional groups such as hydroxyl, amino, and carboxyl groups found in

cell of plant material.

5.2 Recommendations
5.2.1 Recommendation from the study
Pavonia urens being an efficient biosorbant can be used to remove heavy metals from

sewerage effluents

5.2.2 Recommendations for further study
1. Further work should be carried out to isolate other compounds which may be
more bioactive.
2. The crude extracts and pure compounds should be evaluated for other
biological activities such as anticancer and antimicrobial activities.
3. Further work should be carried out on biosorption of heavy metals pollutants

and washing abilities using the plant material.
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APPENDICES

Appendix I: GC-MS Analysis of Fraction 1A
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Appendix Il: GC-MS Analysis of Fraction 2A
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Appendix I11: GC-MS Analysis of Fraction3A
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Appendix IV: GC-MS analysis of Fraction 4A
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Appendix V: Metal uptake

99

Time Cu Ni Zn
0 0 0 0
20 50 20 18
40 64 45 32
60 65 54 40
80 75 67 50
100 78 70 55
120 86 72 60

Appendix VI: Temperature on adsorption of (a) copper (b) nickel and (c) zinc on

Pavonia urens leaves

Ce 298k 27 300k 25 298k 300k

Cu Ni Zn Cu Ni Zn  ZnCe ge Ce ge
0 0 0 0 0 0 0 0 0 0

15 1.3 0.2 0.8 2 1 0.5 25 1 20

2.6 18 0.5 2 2.6 1.6 1 35 1.6 35

3.2 2.2 1 3 3.7 2 1.5 45 2 40
4 3 14 4 4.6 3.2 25 58 3.2 55
5 35 1.6 5 5 3.8 3 60 38 58

6 4.2 2 6 55 4.2 38 65 4.2 60
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Appendix VII: Adsorption equilibrium isotherms of Langmuir of Cu (I1), Ni (I1)

and Zn (11) ions on Pavonia urens

AT 25 ge Ce Celge
Time Cu Ni Zn Cu Ni Zn Cu Ni Zn
0 0 0 0
20 53 20 19 3.7 1.7 0.2 6 7.1 0.3
40 64 45 32 3.9 3 0.3 6.4 8 0.4
60 65 54 50 4 3.6 0.6 7.3 9 0.9
80 75 67 65 45 4 0.8 7.7 108 1.1
100 78 70 68 5 4.2 0.8 8 11 1.2
120 86 72 70 5.2 4.6 0.9 83 12 1.6
Appendix VIII: Experimental data's adsorption equilibrium isotherms
ge Ce Cu

Cu Ni Zn Cu Ni Zn Ce ge

0 0 0 0 0 0 0 0

53 25 10 15 1.3 0.8 15 53

64 35 23 2.6 1.8 15 2.6 64

68 40 28 2.8 2.2 1.9 2.8 68

75 50 30 4 3 2 4 75

78 52 45 5 3.2 2.8 5 78

86 60 56 6.2 4.2 4 6.2 86
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Appendix IX: Adsorption equilibrium isotherms of Langmuir of Cu (I1), Ni (1)

and Zn (11) ions on Pavonia urens

ge Ce Ce Celge
Cu Ni Zn Cu Ni Zn Cu Cu Ni Zn
0 0 0 0 0 0 0 0 0 0
50 25 10 1.5 1.3 1 1.5 3 3 35
64 35 23 2.6 1.8 1.3 2.6 4 3.8 4
68 40 28 2.8 2.2 25 3.2 5 4.5 6.2
75 50 30 4 3 2.8 4 6 5.5 7
78 52 45 5 3.5 3.3 5 7 6 8
86 60 56 6.2 4.2 4 6.2 8 7 9
Appendix X: Adsorption equilibrium isotherms of Freundlich
Ce Log ge Log Ce Log Ce Log ge
Cu Ni 2Zn Cu Ni Zn Cu Ni Zn Cu Cu
0 0 0
15 13 1 1.7 14 1 02 011 0.1 0.2 1.7
26 18 13 18 15 1.3 04 0.26 0.3 0.4 1.8
28 22 25 1.85 16 1.4 045 0.34 0.4 0.5 1.85
4 3 28 19 1.7 1.5 0.6 0.48 0.5 0.6 1.9
5 35 33 195 172 155 0.7 054 0.55 0.7 1.95
6.2 42 4 2 1.8 1.6 0.8 0.62 0.6 0.8 2
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Appendix XI: Isotherm of Temkin for biosorption of Cu (I1), Ni (I11) and Zn (II)

ions onto Pavonia urens leaves

Ce Log Ce Log Ce

Cu Ni Zn Cu Ni Zn Cu ge
0 0 0

15 1.3 1 0.18 0.1 0.05 0.2 50

2.6 1.8 1.3 0.41 0.26 0.11 0.4 63

2.8 2.2 25 0.45 0.34 0.4 0.5 68
4 3 2.8 0.6 0.48 0.45 0.6 75
5 35 33 0.7 0.54 0.52 0.7 78

6.2 4.2 4 0.8 0.62 0.6 0.8 86




Appendix XII: Similarity Report




