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Abstract: Fe;O, nanoparticles were prepared by using caricaya papaya leaves extract at room temperature. The synthesized
nanoparticles were characterised by using UV-Vis absorption spectroscopy, FT-IR, XRD, SEM with EDS techniques. UV-Vis absorption
shows a characteristic absorption peak of iron oxide nanoparticles in the range of 190-250 nm. FT-IR measurement was carried out to
identify the possible molecules like carbonyl, CH, OH band. From the XRD, it was found that the average particle size of magnetite
nanoparticles was found to be 33 nm. SEM shows the plate like structure with coarsened grains and capsule like morphology and EDS
showed its chemical composition. This biosynthesis approach is cost effective, eco-friendly and promising for applications in medicine.
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1. Introduction

Biosynthesis of metal nanoparticles from plant systems is an
emerging as a new and recent development technique. The
nanoparticles are of great interest due to their extremely
small size and large surface to volume ratio, and they
exhibited utterly novel characteristics compared to the large
particles of bulk material. There is increasing in commercial
demand for nanoparticles due to their wide applicability in
various areas such as energy, electronics, catalysis,
chemistry and medicine. Recently, an extensive research has
been focussed on nano-structured magnetite because it
posses unique magnetic and electric properties and its
application in medical treatment [1-8].

Nanoparticles are traditionally synthesised by wet chemical
techniques, where the chemical used are quite often toxic
and flammable. A conventional method to prepare the iron
oxide nanoparticles are coprecipitation method [9-11]. A
number of approaches are available for the synthesis of iron
oxide nanoparticles such as attrition, top-down method,
bottom-up method, sonochemical process, hydrodynamic
cavitation, microemulsion process, radiolysis, microwave,
laser ablation method and recently via the biosynthesis route
[12-17].

The synthesis of metal nanoparticles using inactivated plant
tissue, plant extract [18], exudates [19] and other parts of
living plants is a modern alternative for their production.
The stable iron oxide nanoparticle synthesized from plants
towards green principle approach is a novel method to
overcome the limitation of other conventional methods. The
main advantage of this method is its ability to control the
size and shape of nanoparticle and its properties. In this
green synthesis route, the bio-molecules in plants can act as
capping and reducing agents and thus increases the rate of
reduction and stabilization of nanoparticles.

The Fe30O4 nanoparticles have synthesized from various
plants have different applications in various sectors [20].
Particularly a few report have been studied the caricaya

papaya leaves Extract was used to synthesise different metal
nanoparticles [21] except Fe;O,4 In the present study deals
with biosynthesis and characterization of stable Fe;O,
nanoparticles from caricaya papaya leaves Extract.

2. Materials and Methods
2.1 Materials

Ferric chloride hexahydrate (FeCls.6H,O, AR), was
purchased from Merck without purification. Solutions
prepared from double distilled water.

2.2 Preparation of caricaya papaya leaves Extract

About 20-25g of fresh leaves of Caricaya papayas were
thoroughly washed with distilled water and cut into small
pieces then heated at 70°C in 250 ml glass beaker along with
100 ml of double distilled water for 15 minutes. After
boiling, the colour of the aqueous solution changed from
watery to brown colour and allowed to cool to room
temperature. The aqueous extract of caricaya papaya was
separated by filtration with Whatman No.42 filter paper.

2.3 Synthesis of Fe;O, Nanoparticles

Various concentration of metal ions (0.01M, 0.02M, 0.1M,
0.2M) solutions were mixed with different volume (2, 4, 6,
8, 10 ml) of the caricaya papaya leaves extract. After few
minutes depending on the concentration of metal ions and
volume of the extract, the colour of the solution changed
from brown to black indicating the formation of iron oxides
nanoparticles (Fig.1.). The solid product was filtered and
washed with ethanol and then dried at room temperature.

2.4 Characterization

UV-Vis spectroscopic studies were carried out caricaya
papaya extract and metal nanoparticles using a Lambda 35
(Make, Perkin Elemer) double beam spectrophotometer in
the range of 190 nm-1100 nm. FT-IR spectra of caricaya
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papaya extract and metal nanoparticles were done by using
FT-IR spectrophotometer (Model RXI, Make Perkin
Elemer) in the range of 4000 - 400 cm™ using KBr pellet
method. The morphology of synthesized iron oxide
nanoparticles and elemental analysis was examined by
Scanning Electron Microscopy (SEM), (Model TESCAN
VEGA 3 LMU -USA) equipped with energy dispersive
spectrum (EDS), (BRUCKER NANO GMBH -
GERMANY). Fe30, nanoparticles synthesised by this bio-
route were recorded with Philips analytical X-Ray
Diffractometer using CuKa radiation source operated at 40
KV and 30 MA.

3. Results and Discussion

The addition of Ferric chloride solution to the Caricaya
papaya leaves extract the reduction reaction takes place of
Fe®* to Fe;0,. A possible reaction beyond the formation of
iron oxide nanoparticles is Ferric chloride (FeCl; .6H,0) and
caricaya papaya leaf extract are involved in the reaction of
aqueous phase medium. Initially, the C=0 of aldehyde
group in caricaya papaya leaf extract chelated with Fe** ions
to form ferric protein chains HO".... Fe*"..... bonds and as
result in the formation of suspended ferric hydroxide
Fe(OH); Subsequently on slow evaporation, ferric
hydroxide in a core is dehydrated (-H,O) to form a black
coloured magnetite (FesO,4) nanoparticle as a crystals. The
protein chain in a caricaya papaya leaf extract covered on
Fe;0, surface through chelation of COO' ...... Fe3*.

3.1 UV —Vis spectral analysis

Formation and stability of iron oxide nanoparticles in
aqueous colloidal solution is confirmed by using UV-Vis
spectral analysis. 2, 4, 6, 8, 10 mL of caricaya papaya leaves
extract were mixed with 15 mL of 0.01 M, 0.02 M, 0.1 M,
0.2 M of aqueous solution of ferric chloride solution resulted
in colour change of the solution from brown to black due to
formation of ironoxide nanoparticles. The colour changes
arise from the excitation of the surface plasman resonance
(SPR) phenomenon typically of iron oxide nanoparticles
[22]. The optical absorption spectrum of metal nanoparticles
depends on the particle size, shape, state of aggregation and
the surrounding dielectric medium [23]. The appearance of
black colour indicates the formation of iron oxide
nanoparticles.

Caricaya papaya leaves extract has the absorption peaks at
the wavelength of 204 nm and intensity of absorption is 2.9
is represented in Fig.2. Ferrric chloride has the absorption
peaks at the wavelength of 241 nm and the intensity of
absorption is 4.1 is shown in Fig.3. Fig.4-7. shows the UV-
Vis spectra of iron oxide nanoparticles formed from 0.01 M,
0.02 M, 0.1 M and 0.2 M of FeCl; solution with 2, 4, 6, 8,
10 mL of plant extract. Increase in metal ion concentration
with constant volume of plant extract, increase in
wavelength of absorption due to the higher production of
nanoparticles. It was observed that the intensity of
absorbance steadily increases with increase in metal ion
concentration and reaches maximum 5.3 after that the values
decreases.

The characteristic surface plasmon resonance band of Fe;0,
occurs at wavelength in the range of 190-250 nm as a
function of different concentration of metal ion with
different volume of plant extracts at room temperature. The
maximum SPR band centered at 248 nm, which indicates the
reduction of FeCl; into Fe;0,.

3.2 FT-IR Spectroscopy

FT-IR analysis was performed, in order to determine the
functional groups on papaya leaves extract and predict their
role in the synthesis of iron oxide nanoparticles. Fig.8 shows
the FT-IR spectrum of papaya leaf extract. The strong
absorption peak at 3434 cm™ is assigned to O-H stretching
of alcohol and phenolic compounds or stretching of the —-NH
band of amino group. The presence of peak at 2398 and
2082 cm™ are assigned to aliphatic C-H stretching in methyl
and methylene groups [24]. The peak at 1635 cm™ is due to
stretching vibration of CO groups in the ketones, aldehydes
and carboxylic acids. The peak belonging to 1437 cm™ is
due to COO stretching vibration [25]. The peak at 661cm™ is
due to finger print region and it difficult to assign single
functional groups.

FT-IR spectrum of synthesized Fe;O, nanoparticles using
papaya leaf extracts is presented in Fig.9. The following
bands were observed. Peaks at 3393 cm™ is assigned to the
OH stretching of alcohol and phenol [26]. Signals at 2931
cm™ indicate the presence of CH stretching groups. The
absorption peak at 1659 cm™ may be assigned to the amide
band of proteins arising from carbonyl stretching in proteins.
The peak at 1412 cm™ is attributed to the presence of
carboxylate ions (COO’), which is responsible for the
formation of iron oxide nanoparticles. The peaks at 1064
and 1325 cm™ indicate the presence of CO groups [27]. The
formation of Fe;0O, is characterised by the absorption bands
from 418 to 502 cm™ is corresponds to the Fe—O band [28].
This peak was absent in plant extract which indicate the
formation of iron oxide nanoparticles. The absorbance band
at 617 cm™ might be assigned to the existence of some
amount of oxidised iron oxide on the surface. FT-IR analysis
confirmed that the bioreduction of ferric chloride into iron
oxide nanoparticles are due to the reduction by capping
material of caricaya papaya leaf extract.

3.3 Scanning Electron Microscopy analysis

A scanning electron microscopy was employed to analyse
the structure of nanoparticles that were formed. Fig.10. (a, b)
shows the low magnification (2.55 kx, 4.22 kx ) SEM image
of Fe;O, powder; it can be seen that the particles are
agglomerated. The size distribution and morphology is
irregular. The particles are plate like structure with
coarsened grains, whereas the magnification at 8.00 kx in
Fig.10.(c), the Fe3O, nanoparticles showed uniformly
distributed small spherical shaped particles. The
magnification at 10.44 kx Fig.10.(d) under the same
conditions, which showed that large number of
homogeneous nanocapsule like morphology of iron oxide
nanoparticles.
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3.4 Energy Dispersive Spectroscopic Analysis

EDS analysis was carried out to determine the elemental
composition and stoichiometry of the synthesized iron oxide
nanoparticles, which is presented in Fig.11. lron, oxygen
signals and other signals also have been detected. The other
signal may be coming from the bio active molecules in the
Caricaya papaya leaves extract. It implies that the
nanoparticles are mainly indeed made up of only Fe and O
[29]. Therefore the magnetite nanoparticles were
successfully synthesised by this green method using caricaya
papaya leaves extract as stabilizer for nanoparticles

3.5 XRD Analysis

XRD is an effective characterization to confirm the crystal
structure of the synthesised magnetite nanoparticles. Fig. 12
shows the XRD patterns of the iron oxide nanoparticle.
Peaks at 20 =29.11° 41.26° 51.8° 67.67° and 74.44° are
attributed to magnetite Fes0,4 (02 2),(122), (025),(210)
and (2 3 0) planes, respectively. Clearly, all the peaks in the
patterns are consistent with the values of the standard
JCPDS values (File no. 89-6466, a=2.7992, b=9.4097,
€=9.4832) can be indexed to pure Fe;0, with Orthorhombic
structure. No peaks due to impurities were detected. Crystal
size of the synthesized nanoparticles was calculated from the
Debye-Scherrer equation D = K\ / 3 cos [30]. Where D is
the crystallite size of iron oxide nanoparticles, A is the
wavelength of the X —ray source (0.1541 nm), B is the full
width at half maximium of the diffraction peak, K is the
Scherrer constant with a value of 0.9, and 6 is the half
diffraction angle - Bragg angle. The average crystals size of
the iron oxide nanoparticle was found to be 33 nm. XRD
pattern reveals that the iron oxide nanoparticles prepared by
bio-route method are crystalline [31].

3. Conclusions

Synthesis of iron oxide nanoparticles was quite stable
without using any toxic chemicals as capping agents. Colour
changes arises due to the surface plasmon resonance during
the reaction with the ingredients presents in the caricaya
papaya leaves extract resulting in the formation of iron oxide
nanoparticles, which is confirmed by UV-Vis spectroscopy,
FT-IR, SEM with EDS analysis. From the XRD analysis the
average crystal of iron oxide nanoparticles was found to be
33 nm. In this approach is highly promising for the green,
sustainable production of magnetite nanoparticles.
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Figure 1: Papaya leaves extract (a) before; (b) after
synthesis of iron oxide nanoparticles
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Figure 4: UV absorption spectrum of 0.01M FeCl; with
different volume of plant extracts

Figure 2: UV absorption spectrum of papaya leaves extract
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Figure 5: UV absorption spectrum of 0.02M FeCl; with
different volume of plant extracts

Figure 3: UV absorption spectrum of 0.2M FeCl; solution
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Figure 6: UV absorption spectrum of 0.1M FeCl; with
different volume of plant extracts
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Figure 7: UV absorption spectrum of 0.2M FeCl; with different volume of plant extracts
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Figure 9: FT-IR spectrum of Fe;O, nanoparticles using papaya leaf extract
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Figure 10: (a, b, ¢ & d) SEM |mage of Fe;0,4 nanoparticles synthesized using caricaya papaya leaf extract at different
magnification levels
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Figure 11: Energy dispersive X-ray spectra of synthesized
Fe;O,4 nanoparticles

Figure 12: XRD pattern of Fe;O, nanoparticles
synthesised using papaya leaf extract
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