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Abstract

In this study, manganese dioxide nanoparticles (MnO2NP) was biosynthesized. Raphia hookeri seed was used as a bioreductant for the synthesis
of MnO2NPs using bottom up approach. The biosynthesized MnO2NPs was investigated for their reaction, structure and morphology. The
MnO2NPs was characterized using the UV-Visible spectrophotometry, Fourier Transform Infrared Spectrophotometry (FTIR), Energy Dispersive
Spectrometry (EDX), Powdered X-ray Diffractometry (PXRD), Scanning electron microscpopy (SEM) and Transmission Electron Microscopy
(TEM). UV-Visible spectrum revealed that MnO2NPs showed maximum absorption at wavelength of 421nm in the visible region. FTIR results
showed prominent reactive functional groups for hydroxyl (-OH) at 3348.30 cm−1 and a weak carbonyl (-C=O) at 1700.00 cm−1 . The EDX
results revealed the elemental composition in percentages of the elements in the nanoparticles, showing Mn (70.96 %), O (25.67 %) and C
(8.34%) respectively. PXRD revealed that the manganese dioxide nanoparticle is in a crystalline state. The morphology of the synthesized
nanoparticle was found irregular and with porous surface for SEM. The average particle size of the nanoparticles as characterized by TEM was
found to be 3.92 nm.
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1. Introduction

Nanotechnology is now a promising area with potential
uses in electronics, medicine, energy, and environment [1, 2].

∗Corresponding Author Tel. No.: +234-806-017-4341.
Email address: akpeji.honesty@fupre.edu.ng (Bamidele H. Akpeji

)

Among the most studied nanoparticles, manganese dioxide
nanoparticles (MnO2NPs) are found to possess remarkable
characteristics and multiple applications. Brindhadevi et al. [3]
proffered that chemically synthesized MnO2 nanoparticles has
been previously developed by several techniques such as chemi-
cal, physical and biological method, all embedded in top-up and
bottom-up approaches. Of these, the use of biological species,
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for instance, plant extracts which are ecofriendly and relatively
cheap represents a plausible approach toward obtaining green
synthesis of nanomaterials [4]. The green synthesis approach
including plant extracts as reducing and capping agents is ad-
vantageous compared to the conventionally adopted chemical
route as stated by Penghui & Hengyi [5]. First of all, it does
not involve the usage of toxic compounds, which reduces the
extent of toxicity as a threat to the environment and people’s
health and guarantees compatibility with the organism in case
of using the nanocomposite for biomedical purposes. Second,
due to the presence of phytochemicals that exists in the plant
extract, reduction of metal ions and stability of nanoparticles
becomes easier and the nanoparticles formed possess better de-
fined morphology and stability. Thirdly, the synthesis process is
easy to perform, economically cheap, and scalable for the large
scale production which makes it industrial relevant [4, 6–10].

Raphia hookeri is a palm species that is found in West
African region and due to its multi-utility in terms of pharma-
cological and biological activities and has several uses in tradi-
tional medicine while the stalk is utilized in ornaments and to
build mats and baskets. The seed of Raphia hookeri is locally
called “Oje” or “Ozi” among the Igbos, “Oroke” or “Oroko”
among the Yorubas, whereas the Hausa people of Nigeria knew
it as “Kantaka” or “Kanta”. Meanwhile, it is commonly known
as Raphia palm seed in English. Raphia hookeri seed is a waste
material whose potential in the synthesis of MnO2NPs is inves-
tigated in this study.

Raphia hookeri seeds contain phytochemicals including
phenolics, terpenoids, flavonoids, and reducing sugars, which
introduced the seeds as favourable material for controlling the
formation of metallic nanoparticles Mohammad et al. [11].

This paper aims at the synthesis and characterization of
MnO2 nanoparticles prepared from extract of Raphia hook-
eri seed (R.H.S). This work on MnO2 using seeds of Raphia
hookeri suggests the discovery of a new way of synthesizing
MnO2NPs using different precursor concentration, and green
synthesis as well. This study integrates biocompatibility and
eco-friendliness by making use of the seeds of Raphia hook-
eri, a West African palm into the synthesis of manganese diox-
ide nanoparticles (MnO2NPs). Besides, offering an ecofriendly
method in place of chemical synthesis approaches, this method
also touches on the prospects of MnO2NPs produced by biolog-
ical methods as well as their special characteristics.

2. Materials and method

2.1. Materials

Chemicals and reagents like sodium hydroxide (NaOH),
manganese acetate dihydrate [Mn(CH3COO)2. 2H2O], Chloro-
form (CHCl3), aqueous ammonia [NH3(aq)], Mayer’s reagent,
concentrated sulpuric acid (H2SO4), concentrated nitric acid
(HNO3), ferric chloride (FeCl3), Fehling’s solution, Buiret’s so-
lution, Tollen’s reagent are of analytical grade obtained from
Sigma Aldrich Chemicals. Distilled water was gotten from
Chemistry Laboratory, Federal University of Petroleum Re-
sources, Delta State, Nigeria.

2.2. Method

2.2.1. Collection, extraction and phytochemical screening of
Raphia hookeri Seed

The Raphia hookeri seed was plucked from its cub located
at Toru Ndoro community of Bayelsa State and was identified
in the department of botany in University of Benin. The ex-
traction and phytochemical screening was performed in accor-
dance with the procedures laid out by Oluyori [12] and Oke-
wale and Akpeji [13] with slight variation in the procedure ap-
plied. In this work, apparatus was assembled, round-bottom
flask conduit to the condenser and thimble with 100 g of pow-
dered Raphia hookeri seed was measured and placed in a round
bottom flask. Water was chosen as the solvent due to its po-
tent capacity of extracting a series range of phytochemicals
from plant tissues. Vaporization in the round-bottom flask was
achieved utilising a heating mantle, allowing water to be con-
verted into its gaseous form and then re-liquefied onto cooling
down within condenser. This cycle of process allowed for the
Raphia hookeri seed to be continuously extracted over a period
that was extended in time, generally for 4 hours. Cold condition
was maintained on the condenser throughout the extraction pe-
riod for exhaustive removal of bioactive constituents. When the
extraction was considered finished, aqueous extract with phy-
tochemicals solublized in it was sedimented by slow heating at
controlled temperature of 70 ◦C. This process would allow the
good reduction of the water to obtain a concentrated Raphia
hookeri extracts for phytochemical analysis.
Test for alkaloids: To about 0.5 g of the aqueous extract
Raphia hookeri, two drops of Mayer’s reagent were added
along the sides of test tube. Appearance of white creamy pre-
cipitate was observed which indicated the presence of alkaloids.
Test for reducing sugar: To about 0.5 g of the aqueous extract
in the test tube, tollen’s reagent was added and heated moder-
ately. The presence of silver mirror on the walls of the test tube
indicates the presence of reducing sugars.
Test for steroids: 0.5 g of the aqueous extracts was taken in
a test tube and dissolved with chloroform (10 mL), then three
drops of concentrated sulphuric acid was added by the side of
the test tube. Result showed negative to steroids. Positive result
should give two layers. The upper layer should give red and sul-
phuric acid layer should give yellow with green fluorescence.
Test for terpenoids: 0.5 g of extract was mixed in 2 mL of
chloroform and 3 mL of concentrated H2S04 was carefully
added to form a layer. A reddish brown colouration of the in-
ter face indicate the presence of terpenoids. Meanwhile, in this
work, it was found negative.
Test for saponin: To about 0.5 g of the aqueous extract in
the testube was added 5 mL of distilled water. It was shaken
vigourously. Persistent foam for about 2 minutes confirmed the
presence of saponin.
Test for anthraquinones: 0.5 g of the aqueous extract was
boiled with 1 mL concentrated HNO3 and shaken well. A dark
orange colour indicates the presence of anthraquinones on ad-
dition of the concentrated acid. Meanwhile, in this work, result
obtained showed negative.
Test for phenolic compounds: To 0.5 g of the aqueous extract,
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few drops of 10% ferric chloride solution was added. Green
blue colour appears which indicated the presence of phenolic
compounds.
Test for carbohydrates: 5 mL of Fehling’s solution was added
to 0.5 g of the aqueous extract and heated in a water bath. The
formation of yellow precipitate was observed which indicated
the presence of carbohydrate.
Test for tannins: About 0.5 g of the aqueous extract, 5% fer-
ric chloride solution was added, a dark green precipitate was
observed which showed the presence of tannins in the plant.
Test for flavonoids: To 0.5 g of aqueous extract was added
little quantity of water. A few drop of lead acetate solution
was added and a light yellow precipitate was observed which
indicated the presence of flavonoid.

2.2.2. Bio-synthesis of manganese dioxide nanoparticles from
Raphia hookeri seed

The synthesis processes is similar to those of Haibin et
al. [14], Brindhadevi et al.[3], and Abelneh [4], with a mi-
nor modifications. In this synthesis, the Raphia hookeri seed
was plucked from its cub and washed with distilled water. It
was then airdried for 7 days and pulverized to power using a lo-
cal machine grinder in the market. 2g of the pulverized R.H.S
was measured into a clean conical flask and 200 mL of distilled
water was added. The content was heated on the heating man-
tle for 2 hrs and filtered to make an aqueous extract. 25 mL
of the aqueous Raphia hookeri seed extract and 500 mL of the
0.02M manganese acetate solution were combined at a ratio of
1:20, and 30 mL of NaOH solution was added gradually. Using
a magnetic stirrer, the resultant liquid was then fully mixed by
swirling continuously for around three hours at 70◦ C. The solu-
tion’s colour steadily transformed from brown to black through-
out the reaction period, suggesting a rate of bio-reduction of the
manganese acetate and the precipitation of manganese hydrox-
ide Mn(OH)2. The precipitate was centrifuged and the black
residue obtained was dried in a LD-201-E Vision Scientific dry-
ing oven at 70oC. A UV-Vis spectrophotometer was used to ob-
served the formation of manganese dioxide nanoparticles after
the fluid underwent further churning on the magnetic stirrer.
The synthetic process could be seen to occur in equation 1:

[Mn(CH3COO)2.2H2O]+ (Phyto−enzymes f rom R.H.S )+
NaOH → Mn(OH)2+drying to removeH2O→ MnO−NP

(1)

2.2.3. Instrumental characterization of the MnO2NPs
The formation of the MnO2 nanoparticles was deter-

mined using Perkin Elmer Lambda 40 UV-visible spectrome-
ter. Model Nicolet iS10 FT-IR Spectrometer was used for the
analysis of the reactivity and functional groups present in the
synthesized MnO2 nanoparticles. The scanning electron micro-
scope (SEM) of model JOEL JSM-IT71OHR-BECTHAI is a
highly specialized instrument that captured shape of the biosyn-
thesized MnO2 nanoparticles by utilizing a focused electron
beam to scan its surface. The elemental composition of the

Table 1. Phytochemical analysis of aqueous extract Raphia hookeri seed.
Test performed Results
Appearance Liquid
Colour Description brown
Saponin +

Reducing Sugar +

Alkaloids +

Steroids -
Tannins +

Anthraquinones -
Phenolic compounds +

Carbohydrates +

Terpenoids -
Flavonoids +

Keys; (+) detected, (-) Not detected

nanomaterials were checked for using EDX-8100 model. The
morphology and particle size of the nanoparticles were deter-
mined using JEM-ARM200F-G-TEM instrument whereas the
crystallinity of the materials was determined with the aid of
Rigaku D/Max-IIIC X-ray diffractometer.

3. Results and discussion

3.1. Phytochemical characterization of aqueous plant extract
of Raphia hookeri seed

The result of the phytochemical experiment on the aqueous
extract of Raphia hookeri seed extract reveals the presence of
some phytochemicals is presented in Table 1.

The result of the phytochemical analysis on Raphia hook-
eri seed is given in Table 1. Result showed that the presence
of saponins, alkaloids, tannis, phenolic compounds, carbohy-
drates, glycosides, flavonoids and reducing sugar which may
be responsible for the reduction of manganese acetate dihydrate
into manganese dioxide. It is believed that the plant extract has
information to give in the bio-reduction of the metal precursor
in the synthesis of nano-metal particles [12]. Similar result was
obtained in the findings of Samy et al. [15] on the phytochemi-
cal characterization of Raphia hookeri seed extract.

3.2. Characterization of nanoparticles

Any synthesis process must start with an understanding of
the final product’s composition or structure. To do this, a va-
riety of techniques may be applied, such as deciphering the
structure to determine the concentration and level of purity of
the synthesized materials. To address the question of whether
nanoparticles was produced using this process, the synthesized
MnO2NPs would be subjected to analysis using UV-Visible
spectrophotometry, FTIR, SEM, TEM, EDX, and PXRD. These
techniques can yield valuable insights into the chemistry of the
biosynthesized MnO2 nanoparticle.
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Figure 1. Flow diagram for the extraction and phytochemical screening of Raphia hookeri seed.

3.2.1. UV-visible spectrophotometry
The initial instrumental method used to monitor the de-

velopment of nanoparticle production is often UV-Vis spec-
troscopy. This is because it clarifies important information
about how nanoparticles are formed. A Perkin Elmer Lambda
40 UV-visible spectrometer was used to monitor the synthesis
and progress of the manganese dioxide nanoparticles.

4 showed the UV-visible spectrum result for Manganese
dioxide nanoparticles (MnO2NP) respectively with maximum
absorbance observed at 421 nm. This gives excellent agree-
ment with those in literatures previously reported by Harish and
Poonam [16] in their findings of the synthesis of MnO2NPs.
Aqueous extract of Raphia hookeri seed has helped in the re-
duction of the manganese acetate precursor which changed the
colour of the MnO2NP to black Hairui et al. [17]. Further, The
UV-Vis absorbance spectrum of the MnO2NPs looks has a well-
defined peak at 421nm This is due the electronic transitions in
MnO2. This peak may be employed for the evaluation of the
optical band gap of the MnO2 nanoparticle as energy of the
absorbed photons can be expressed in equation 2. The optical
band gap energy value of 2.95 eV obtained is a characteristic for
MnO2 and speaks about its possible application in electronics

and optoelectronics as sensors or photovoltaic materials Harish
and Poonam [16].

E =
hc
λ
, (2)

E =
6.626 x 10−34 x 3.00 x 108

421 x 10−9 = 4.72 x 10−19J = 2.95eV.

(3)

3.2.2. Fourial Transform Infrared (FTIR)
The chemical properties, reactivity and bonding activities of

the biosynthesized nanoparticles of MnO2NP is revealed in Fig-
ure 5, which determined the presence of the functional groups
on the nanoparticles surface. The FTIR spectrophotometry of
model Nicolet iS10 FT-IR Spectrometer is used for this analy-
sis which range from 4000 to 450 wave number (cm−1). The
absorption bands at 515.00 cm−1 and 480.00 cm−1 correspond
to the bond of manganese oxide (Mn–O) [18, 19]. Thus, we
concluded that the synthesized material is manganese oxide
nanomaterial. Weak absorption peak found at 1700.00 cm−1

could be from -C=O stretching vibration of the carbonyl group
4
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Figure 2. Flow diagram for the preparation of Raphia hookeri seed extract and synthesis of MnO2NPs.

Figure 3. Mechanism of bio-reduction and stabilization of MnO2-NPs using Raphia hookeri seed.

which could have formed a bond with the MnO2NP from the
flavonoids of the R.H.S. The weak band implies that there is
probably a less density of carbonyl group or there could be
a strong hydrogen bonding. The absorption peak at 3348.30
cm−1 can be linked to the hydroxide (-OH) stretching vibra-
tion. These functional groups found have high electron density
and can help the nanoparticle adsorption processes to capture
molecule.

3.2.3. Scanning Electron Microscopy (SEM)
The SEM is a highly specialized instrument that captures

images of a specific sample by utilizing a focused electron beam
to scan its surface. This process results in electron interaction
with the atoms within the sample, which generates a diverse
array of signals that ultimately produce micrographs or pictures
containing valuable information regarding the composition and
topography of the sample’s surface. Figure 6 depicts the SEM
micrographs of the MnO2NP. The fundamental objective of the

5



Akpeji et al. / J. Nig. Soc. Phys. Sci. 6 (2024) 2203 6

Figure 4. UV-Visible spectrum for MnO2NP.

Figure 5. FTIR spectrum for MnO2NP.

SEM is to reveal the surface structure and actual morphology
of the MnO2NP having rough and irregular shape, porosity and
compact structure. The porous surface seen in the micrograph
gives an idea of the presence of active sites which could be
applied in different fields of study. Similar view was shared
by Harish and Poonam [16] in the synthesis of nanoparticles of
manganese oxide.

3.2.4. Transmission Electron Microscope (TEM)
The average particle size of the biosynthesized nanopar-

ticles of MnO2NP was achieved by using a TEM model
JEOL2100 instrument, imageJ and origin lab software. Fig-
ure 7 showed the micrograph of MnO2NP. These nanoparticles
look to be well dispersed and there is some coalescing of the
particles though this seems more evident with the formation of
the clusters made of smaller particles. This points to the size

Figure 6. SEM micrograph of MnO2NP.

distribution indicating that they were relatively small and this
is very important in situations where uniformity in the charac-
teristics of the particle is important such as in catalysis, elec-
tronics or in pharmaceuticals where they may be used for drug
delivery systems. The scale bar of 100 nm helps to visualize
the size of the particles provided next to it and indicates that
they are indeed nanoparticles. Since there is little overlapping
of the images of the particles and their clear contours are seen,
it points to high-resolution imaging, which is characteristic of
the TEM that gives structural and morphological information of
specimens at an atomic level. Such size and distribution of the
particles help in the growth mechanism to be founded and also
in the possibility of adjusting the properties of the material for
certain uses. The particle size of the nanoparticles showed that
it has a very high surface area which explains its wide applica-
tions in adsorption studies Prabhat et al. [20].

3.2.5. Energy Dispersive X-ray analysis (EDX)
EDS analysis is one of the most popular methods on iden-

tification of components of biosynthesized MnO2NPs. The re-
sult gave veritable information on the weight percentages of dif-
ferent elemental constituents in the biosynthesized MnO2NPs.
Figure 8 revealed the spectrum for MnO2NPs. Result obtained
showed that the EDX revealed the elements that make up the
biosynthesized MnO2NPs in their percentages and optical po-
tential, which are manganese (70.96 %, 3.82 keV), Oxygen
(25.67 %, 1.190 keV) and Carbon (8.34 %, 1.377 keV). This
high percentage implies that the sample is probably a man-
ganese compound or an alloy, this is supported by the XRD
pattern of various manganese oxide and compounds. Since oxy-
gen is present, the manganese may be present in an oxidized
state with an oxide such as MnO2.The presence of carbon in
the nanoparticles is believed to have emerged from the Raphia
hookeri seed.

3.2.6. Powdered X-ray Diffraction techniques (PXRD)
The Powdered X-ray diffraction (PXRD) technique is com-

monly used to determine the state of crystallinity and non-
crystallinity of the biosynthesized nanoparticles with diffrac-
tion peaks. By examining these characteristics of the XRD
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Figure 7. TEM micrograph of MnO2NP.

Figure 8. EDX micrograph of MnO2NP.

peaks such as peak sharpness, number of peaks, intensity, po-
sitions, and spacing, the state of crystallinity of the synthesized
nanoparticles can assessed. Crystalline materials typically ex-
hibit well-defined, sharp peaks with multiple distinct peaks and
high intensity, indicating a higher degree of crystallinity. In
contrast, amorphous materials with lower crystallinity may ex-
hibit broad or diffuse peaks with lower intensity. Figure 9
showed the XRD spectrum with diffraction peaks for MnO2NP
seen at 2θ = 12.4, 21.6, 24.7, 31.2, 37.7, 40.5, 47.3, 54.3, 57.1
and 65.7 which are assigned to the (110), (200), (220), (310),
(211), (301), (411), (600), (521) and (002) plane of MnO2 re-
spectively. The diffraction positions match the file well with
JCPDS44-0141. According to obtained pattern, the manganese
dioxide nanoparticles is a crystalline substance. This result is
similar to past work of Prabhat et al. [21].

Figure 9. XRD spectra of MnO2NP.

4. Conclusion

In this study, a nanoparticle of MnO2NP was biosynthesized
using an agricultural waste of Raphia hookeri seed as biore-
ductant. Extraction and phytochemical screening was experi-
mented on the Raphia hookeri seed using water as an extractant.
The phytochemical screening of the aqueous extract revealed
the presence of phytochemicals that assisted in the biosynthe-
sis of the MnO2NPs. The MnO2NP was biosynthesized using
the bottom-up approach and the end product was described.
The nature and characteristics of the biosynthesized MnO2NP
were revealed and several instrument methods employed, which
included UV-visible spectrophotometer, FTIR, SEM, TEM,
EDX, and XRD. This method provided the nanoparticles’ struc-
tures, optical properties, porosity, crystallinity, and particle di-
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ameter. These properties revealed the successful completion of
the MnO2NP and the potentiation of Raphia hookeri as a waste
material for the formation of MnO2NPs.
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