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ABSTRACT

Green synthesis is a simple, healthy, ecofriendly approach that has captivated the scientific
community’s focus worldwide. Recoverable biogenic hematite photocatalyst was fabricated via
a one-step green method from a natural bio-waste precursor, namely Psidium guajava leaves.
The synthesized product was given the name G-Fe,O,-NP’s. It was monitored and fully char-
acterized by various analytical techniques, and its photocatalytic activity has been studied for
the degradation of aqueous bromophenol blue dye. The pure rhombohedral hematite phase of
a-Fe,O, with needle-like shape crystals of an average size ~(40-50) nm was confirmed via scan-
ning electron microscopy and transmission electron microscopy. Brunauer-Emmett-Teller (BET)
analysis displayed that BET surface area and mean pore diameter of the as-synthesized iron
oxide nanoparticles were 15.8 m*> g™ and 14.9 nm, respectively. Results revealed complete degra-
dation of the non-biodegradable dye in 12 min. Furthermore, 97% mineralization was confirmed
by TOC removal. Reusability study for the photocatalyst was conducted for five successive cycles
and indicated high efficiency of the synthesized hematite in visible light. Additionally, G-Fe,O,-
NP’s were examined for their antibacterial and antioxidant activities. It showed activity towards

both Pseudomonas aureginosa, Staphylococcus aureus, and mild antioxidant activity.

Keywords: Biocatalyst; Biogenic iron oxide; Bromophenol blue dye; Green synthesis; Degradation

1. Introduction

Urbanization is increasing rapidly around the world,
raising demands on natural resources. One of these resources
is water which is highly impacted by the negative conse-
quences of urbanization. People suffer from either short-
age of freshwater supplies or even declining water quality
due to the pollution index increase [1].

Organic pollutants originating from domestic sewage,
urban run-off, and industrial effluents are among the more
significant wastewater pollutants. Organic dyes, pigments,
and coloring agents introduce common contaminants, gen-
erating toxic materials into water [2,3]. Bromophenol blue
(BPB) is a model example of the triphenylmethane family

* Corresponding author.

used in textile dyeing [4]. The pretreatment of the indus-
trial effluents is necessary, especially if they carry a high
concentration of this dye due to their toxic impacts on the
receiving waters [2]. Biodegradation of organic pollutants
into simple green products as carbon dioxide and water is
cheap and efficient. Unfortunately, complex organic dyes
containing aromatic rings as bromophenols are highly resist-
ible to biodegradation or even decompose naturally very
slowly, so that a heavy burden may be caused to the aquatic
environment [2]. Other efficient techniques are required as
photocatalysis, adsorption, advanced, and electrochemical
oxidation systems [5]. Despite these techniques’ effective-
ness, they might present disadvantages, as introducing pol-
lutants to the treated water, losing valuable catalysts, long
term degradation consuming both time and energy.

1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.
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The reuse of bio-wastes drew attention worldwide due
to the challenges of accumulating waste and their disposal
costs. Utilizing green chemistry to synthesize non-hazard-
ous, efficient, and reproducible photocatalysts is growing to
improve environmental performance. New eco-friendly syn-
thetic strategies emerged to prepare these nanocatalysts via
routes that use benign reagents (plant extracts) rather than
using the traditional unsafe chemicals (sodium hydroxide
and ammonia) [6]. Notable microorganisms, fungi, vitamins
B,, B, C, green tea, and other plant extracts [7] in green syn-
thesis. Bio-based nanoparticle size and surface stability are
affected by the plant extract source, which may function
both as reducing and capping agents [8].

Biogenic synthesis extended to prepare a wide range
of metal oxide nanoparticles with interesting and miscella-
neous properties [9]. Iron oxide nanoparticles turn up to be
one of the promising nanoparticles with advanced surface
properties. Multifunctional iron oxide nanoparticles have
emerged and are extensively applied in various fields such
as catalysis, biomedicine, cosmetics, and materials engineer-
ing [10]. Ideal properties of iron oxide nanoparticles such
as higher surface area and small energy band gap can also
be assigned to a wide range of applications. Among them,
nanocrystalline o-Fe, O, which is characterized by a narrow
bandgap (2.0-2.2 eV) [11], so accordingly, it is one of the
most prominent materials utilized in photocatalytic applica-
tions. Besides, a-Fe,0, nanoparticles show good magnetic
properties and excellent stability in aqueous solutions [12].
Photocatalytic nanoparticle-based degradation under visi-
ble light irradiation is a highly efficient treatment protocol,
as it is highly economical and avoids secondary pollution
[13,14]. Using biogenic inorganic nanoparticles as antibacte-
rial agents are emerging recently over the use of traditionally
organic ones. Different forms of inorganic nanomaterials like
powders can be used successfully in neutralizing different
varieties of bacteria, either gram-negative or gram-positive
bacteria [15]. They are also characterized by higher stability
at high temperatures and pressures retaining their medici-
nal property [16]. Hematite nanocrystals are considered
one of the promising inorganic antibacterial agents [17,18].

Establishing ecofriendly nanoparticle-based photocata-
lyst, which is viable for the destruction of the organic dyes
under visible light irradiation, becomes an urgent demand
to ensure no transfer of secondary pollutants to the water
supplies [9]. Here in this paper, we succeeded in synthe-
sizing the biofunctionalized hematite nanoparticles by an
easy one-pot green procedure. Additionally, we applied
these nanoparticles to degrade and exclude the photo-
stable, non-biodegradable dye (BPB) from the wastewa-
ter. A secondary pollution-free technique was designed to
meet environmental challenges by using clean, pure energy
from the sun, which is considered very cheap and conve-
nient. Furthermore, G-Fe, O,-NP’s were examined for their
antibacterial and antioxidant activities.

2. Materials and methods
2.1. Materials
BPB (C,,H, Br,0.S) has molecular weight = 669.99 g mol™

197 710
and purity > 98% was purchased from Sigma-Aldrich chemi-

cal company (St. Louis, MO, USA). Other chemicals used are

analytical grade. FeCl,-6H,O was purchased from S.d.fine-
Chem Ltd., India, while H,0, was purchased from Scharlab
S.L. Spain. All chemicals are used without further purification.

2.2. Plant “Psidium guajava” extracts preparation

Green synthesis of G-Fe,O,-NP’s from Psidium guajava
leaves has been investigated. The first step was to wash the
plant leaves with tap water, followed by applying bidis-
tilled water for sterilization. Secondly, the washed plant
leaves are kept for 24 h at room temperature to dry and fol-
lowed by grinding it using a mortar and pestle. A mass of
40 g of the dried plant parts is mixed with 1 L of double dis-
tilled water and kept to boil for 30 min. To prepare a clear
extract, the mixture is filtered several times using Whatman
Grade 1 filter paper. The filtrate obtained is used as a plant
extract and is kept in a fridge at 4.0°C.

2.3. Bio-synthesis of G-Fe,O,-NP’s

A volume of 100 mL of P. guajava extract previously pre-
pared was added dropwise into an equal volume of 1.0 M
aqueous solution of FeCl, under continuous stirring of
400 rpm at 80°C. A few hours later, the brownish-yellow color
turns gradually to the deep brown color solution and then
changed slowly to dark brown precipitate [19]. The prepared
precipitate was decanted from the solution, then washed
successively by deionized water [9], and dried in the oven
overnight at 80°C [10]. The synthesis and reduction process
was monitored by UV spectrometry in different time inter-
vals, and the absorption peaks were observed, as illustrated
later. The suggested mechanism for forming the G-Fe,O,-
NP’s in the presence of the hydroxyl group of P. quajava
leaf extract as a capping agent is demonstrated in Fig. 1.

2.4. Characterization
2.4.1. Structural assessment

Fourjer transform infrared (FTIR) spectrophotometer
(Shimadzu) was used to investigate the functional groups
and peculiar spectra of the synthesized G-Fe,O,-NP’s. The
dried extract powder and the synthesized nanoparticles
were compressed separately with KBr and tested in parallel
[20]. The FTIR spectra of G-Fe,0,-NP’s and raw guava were
determined in the range of 400-4,000 cm™.

Determination of BPB was carried out by measuring
the absorbance of the BPB samples at A__ = 591 nm using
a UV-vis double PC 8 auto cell scanning spectrophotometer
UV-VIS double beam (Model UVD-3000) [2].

Thermo-gravimetric analysis (TGA-DTA7300, Exstar)
was used to test the heat stability of nanoparticles biosyn-
thesized. The test was carried out at room temperature in
the range of 25°C-600°C in atmospheric air at a heating rate
of 10°C/min in an alumina crucible. Shimadzu XRD X-ray
powder diffract meter with Cu Ka radiation (A = 1.5418 A)
at a scanning speed of 0.2 S was used to recognize the
specific peaks of the synthesized G-Fe,O,-NP’s.

Also, a UV-vis spectrophotometer (Shimadzu Scientific
Instruments Incorporated, Maryland, USA) was used at a
resolution of 64 nm. Solid disc prepared to detect bonding
energy gap of G-Fe,O,-NP’s [21].
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Fig. 1. Suggested mechanism for the formation of the G-Fe,O,-NP’s in the presence of hydroxyl group of Psidium guajava leaf extract

as a capping agent.

Zeta potential was measured using Zetasizer (Malvern
Instruments, UK) at 633 nm and a 173° backscattering angle
at a fixed refractive index of the respective formulations
to assess the stability of metal oxides nanoparticles [21].

2.4.2. Morphological characterizations

Scanning electron microscopy (SEM; FEI, ISPECT S50,
Czech Republic) was used to evaluate the morphology and
arrangement of the synthesized G-Fe,O-NP’s. SEM was
operated at an accelerating voltage of 20 kV and a working
distance of about 10 mm. A transmission electron micros-
copy (TEM), FEIL, Morgagni 268, Czech Republic at 80 kV was
used to record the specimens’ images. Finally, the energy-
dispersive X-ray spectroscopy (EDAX) analyses were per-
formed using EDX-8000, Shimadzu [22,23].

2.5. Photocatalytic degradation of BPB dye by G-Fe,0,-NP’s

A preliminary study was conducted in the dark condi-
tion to measure the extent of the dye’s adsorption onto the
catalyst’s surface. For this purpose, G-Fe,0,-NP’s (0.05 g)
was shaken with 50 mL of BPB solution (5 x 10 M) in a
stoppered flask in regular intervals of time and then cen-
trifuged [9]. The absorbance of the dye before and after the
adsorption process was measured at their A (591 nm) to
be used for the determination of their removal during the
adsorption process. The results showed that the adsorption
extent became constant after 30 min contact time. Hence,
to eliminate the surface adsorption effect in removing the
dye and before the photocatalytic experiment, the dye
was shaken with the catalyst for 30 min before irradiation
experiments [24]. The biosynthesized nanoparticles’ pho-
tocatalytic activity has been investigated using an aque-
ous BPB dye solution as a model pollutant. The mixture
was then irradiated under visible light (low-pressure Hg
vapor lamp, emitting predominantly at 254 nm and 15 W)
for different intervals of time ranging from 0 to 1 h with-
out any pH adjustment (pH = 6.3). After a definite irradi-
ation time, iron oxide nanoparticles were separated by

centrifugation, the absorbance and concentration of BPB
solution were determined using a double beam UV-visible
spectrophotometer (Model UVD-3000). The samples were
regularly removed to determine BPB, both during the dark
adsorption stage and photocatalytic degradation. The per-
cent degradation of BPB was calculated with the following
equations [25,26]:

A=A 100 1)
A

0

% degradation =

S =C 100 )
C

0

% degradation =

where A and A represent the absorbance of BPB solu-
tion before and after visible light irradiation, respec-
tively. Similarly, C, and C are defined as the concentra-
tion (mg/L) of BPB solution before and after visible light
irradiation, respectively. The A__ of the BPB solution was
recorded to be 591 nm. The nano iron oxide catalyst was
recycled and reused for five consecutive batches using the
above-mentioned conditions [24,25]. In the present study,
a solar photocatalytic treatment was implemented at the
chemistry department, Alexandria University campus.

2.6. Free radical scavenging activity on DPPH

The antioxidant activity of the G-Fe,0O-NP’s was
carried out at the Regional Center for Mycology and
Biotechnology (RCMB) at Al-Azhar University. The method
applied was the already established protocols utilizing the
spectrophotometer [27]. Immediate absorbance measure-
ments were reported using a UV-visible spectrophotometer
(Milton Roy, Spectronic 1201). The decline in absorbance at
515 nm was recorded continuously at 1 min intervals for
16 min until stable absorbance was reached. Ascorbic acid
was used as a positive control. The percentage inhibition
(PI) of the DPPH radical was calculated according to the
formula:
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where A_ is the absorbance of the control at ¢t = 0 min and
A, is the absorbance of the sample + DPPH at t = 16 min
[27]. The dose-response curve’s graphic plots were used to
estimate 50% inhibitory concentration (IC,), the concen-
tration required to inhibit DPPH radical by 50%.

3. Results and discussion
3.1. Structural characterization

The X-ray diffraction (XRD) spectrum of the G-Fe,O.-
NP’s, as in Fig. 2, revealed the successful synthesis of the
iron oxide nanoparticles. The Bragg peaks were found
to be consistent with the single and pure rhombohedral
hematite phase of a-Fe,O, (JCP pattern: 00-003-0800) [28].
The XRD pattern shows various diffraction peaks in the
range (20 <20 < 80) recorded at 20 =24.3°, 33.2°, 35.7°, 40.9°,
49.4°, 54.1°, 57.5°, 62.4°, 64°, and 71.7° corresponding to
crystallographic reflections of 012, 104, 110, 113, 024, 116,
214, 300, and 010 were elucidated. XRD patterns showed
confined sharp narrow peaks, which indicate high purity
and crystallinity of the synthesized hematite particles [29].
The high purity could recommend the catalytic activity for
G-Fe,0,-NP’s [30].

The complex nature of the samples biosynthesized could
be observed from the FTIR spectra, which showed several
absorption peaks (Fig. 3). The raw guava showed a robust
broadband in the range 3,410-3,426 cm™ assigned to an N-H
as well as an O-H stretching vibration attributed to intramo-
lecular and intermolecular hydrogen bonding of polymeric
compounds, indicating the presence of “free” hydroxyl alco-
holic and phenolic groups [31]. A sharp peak at 2,910 cm™
indicating the presence of aromatic ring (Ar-H) and glucose
moieties (CH,OH) in tannins which was shifted to 2,900 cm™
in modified iron oxide capped with extract moieties. An
absorption band at 2,368 cm™ was observed with low inten-
sity in raw guava and with higher intensity in G-Fe,O;-
NP’s attributed to the symmetric stretching vibration of
CH, due to C-H bonds of aliphatic acids [32]. The sharp
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Fig. 2. XRD spectrum of G-Fe,O,-NP’s.
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peaks around 1,629 and 1,610 cm™ were attributed to the
C=C stretching vibration in the phenolic groups for raw
guava and G-Fe,O,-NP’s, respectively [33].

The bands at 1,027 and 1,123 cm™, respectively, were due
to the C-O stretching attributed to biological moieties for
raw guava leaves and bio-modified iron oxide nanoparticles.
709-864 cm™ assigned to O-H out of plane blending, which
disappeared in the case of G-Fe,0,-NP’s due to interaction
with aqueous iron(Ill) chloride to form iron(Ill) hydrox-
ide. The strong absorption band can confirm the pres-
ence of G-Fe,O,-NP’sd at 555 and 490 cm™ [34]. These two
bands developed from the split of the v, band at 555 cm™,
which is attributed to the Fe-O bond on the Iron oxide
NPs surface and biological moiety interfaces.

In comparison with the iron(IIl) chloride aqueous solu-
tion used in the preparation, the UV-vis spectrum of iron
oxide nanoparticles is displayed in Fig. 4. A phenotypic
change in the yellow color of FeCl, is observed by the absorp-
tion spectra data of G-Fe,O,-NP’s, which revealed a sharp
absorption peak at 407 nm, missing in FeCl,, and can indicate
iron oxide formation [35].

Thermal analysis (TGA, differential gravimetric anal-
ysis (DTA)) for the pure biogenic hematite synthesized
from guava leaves extract is illustrated in Fig. 5. The per-
cent of weight loss at different temperature decomposition
ranges, T, T,, and % residue, are expressed in Table 1
[36,37]. It can be observed that thermal decomposition of
the biosynthesized oxide takes place via two stages. The first
decomposition step proceeded from 53°C to 156°C while the
second step range was between 156°C and 319°C. The first
small mass loss (4%) corresponds to the superficial water.

Transmittance
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Fig. 3. FTIR spectra of: (a) raw guava leaves and (b) G-Fe,O,-NP’s.
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Fig. 4. UV-vis spectra of Fe(Ill) chloride and G-Fe,O,-NP’s.
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The DTA shows a corresponding endothermic peak in the
same temperature range (Fig. 5b). In contrast, the second
loss (11%) may be assigned to the capping agent residual as
it is associated with removing organic compound skeletons
that were interrupted and broken down. This loss in weight
(11%) is confirmed in DTA exothermic sharp peak in the
180°C—400°C temperature range. It can be concluded from
TGA that above 400°C, there is no observable loss of mass,
which recommends that the temperature above 400°C is
the suitable calcination temperature under air atmosphere,
consistent with the results previously reported [38].

3.2. Morphological characterization

The morphological specifications of a catalyst are
essential since they affect its catalytic performance [39,40].
Investigation of the biogenic G-Fe,O,-NP’s morphology was
studied through high-resolution SEM and TEM as indi-
cated in Figs. 6a and b. Needle-like crystals of an average
size of ~(40-50) nm were aggregated on the surface, giv-
ing the appearance of rhombohedral structures consistent
with XRD Fig. 2 and confirmed by the TEM images. Particle
size distribution was studied through TEM images via dig-
italization using j-image software (Fig. 6d). The EDX spec-
troscopy was performed to know the surface composition
and distribution of elements for the stabilized iron oxide
nanoparticles reduced using the guava leaf extract is shown
in Fig. 6c. The EDX spectrum was mainly constituted with
iron peaks around 6.1 and 7.2 keV, which confirms biosyn-
thesized iron nanoparticles’ formation.

The bandgap of G-Fe,0,-NPs samples was calculated
using the mathematical formula E = hc/A, where ¢ the veloc-
ity of light, h is the Plank’s constant, and A the wavelength
[41]. The energy bandgap of the green synthesized hema-
tite nanoparticles was found to be 2.43 eV. The observed
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Fig. 5. (a) TGA and (b) DTA of G-Fe,O,-NP’s.

Table 1
TGA data of biogenic G-Fe,O,-NP’s
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value aligns with the reported values in the range 1.95 to
2.35 eV [42,43]. The slight difference in the calculated value
may be attributed to the size of the nanoparticles. As band
gap widening of nanomaterials is assigned to the quantum
mechanical effects of the low-dimensional crystallites [44].
The value recorded enabled us to apply the as prepared
iron oxide nanoparticles as a photocatalyst in the pres-
ence of visible light because they could collect up to 40% of
the solar spectrum energy [11,45].

Barrett-Joyner-Halenda (BJH) analyses are employed
for pore area and specific pore volume determination, using
adsorption and desorption techniques. The nitrogen adsorp-
tion-desorption isotherms and the BJH desorption pore size
distributions of raw guava and the G-Fe,O,-NP’s, shown
in the Supplementary File, and the data are presented in
Table 2. The adsorption—-desorption isotherms are type IV
with H.-type, revealing that both materials are mainly mes-
oporous, characterized by a hysteresis loop, accompanied
by capillary condensation mesoporous, and the limiting
uptake over a range of high p/p° [46]. The adsorbed volume
is sharply increased at a relative pressure (P/P°) of approx-
imately, representing capillary condensation of N, in the
homogeneous mesopores. The inflection position shows a
slight shift toward lower relative pressures and an increase
in the quantity of adsorbed nitrogen in G-Fe,O,-NPs rela-
tive to raw guava attributed to the destruction of the guava
raw framework and the pore diameter increase via complex
formation with Fe,O,-NPs. It worth mentioning that the
Brunauer-Emmett-Teller-surface area (BET) of 5.5550 m?/g
and BJH desorption volume of 2.1142 x 107 cm’/g were
obtained for raw guava leaves and increased to 15.765 m?/g
and 5.9375 x 107 cm’/g, respectively, for G-Fe,O,-NPs.
Besides, the mean pore diameter of the guava raw 14.352 nm
was increased to 14.898 nm. The increase in surface area,
pore diameter, and pore volume were probably due to
the loss of volatile organic compounds, which eventually
increase the materials’ porosity [40]. However, the pore
diameter lies in the range reported for the mesoporous
structure [47]. Generally, the variation of BET surface area,
BJH desorption cumulative volume, and pore diameter of
pores point out the variety in the morphology and crys-
tallinity because of complex formation. The positive value
of adsorption constant, C, 3.390, 19.371 for guava-raw
and G-Fe,O,-NPs, respectively, indicates the exothermic
nature of the adsorption process, with higher N, affinity of
G-Fe,0,-NPs (C = et -20/RT AH  is the heat of N, adsorp-
tion of monolayer cross-section area, AH, is the net heat of
N, adsorption, R and T are the gas constant and absolute
temperature, respectively). It worth mentioning that the
surface area of G-Fe,0,-NPs, is about three times higher

Sample name % Weight loss at various temperature (°C) Decomposition T (°O) T,r(°C)  %residue
temperature range (°C)
100°C  200°C 300°C 400°C 500°C 600°C Stepl Step II Stepl Step Il
G-Fe,O-NPs 24 4.6 121 15.6 16.0 16.5 53-156 156-391 86 286 284 83.5
*T _: Temperature for maximum rate of decomposition and 'T, : Temperature for 10% weight loss.
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Fig. 6. (a) SEM, (b) TEM, (c) EDX, and (d) particle size distribution of G-Fe,O,-NP’s.

Table 2

Porosity studies of guava raw and as prepared sample, G-Fe,O,-NP’s

Property

Guava leaves-raw G-Fe,0,-NP’s

BET surface area (m?/g)

BJH desorption cumulative volume (cm?/g)
BJH desorption average pore diameter (nm)
Adsorption constant

5.5550 15.7651
2.1142 x 102 5.9375 x 102
14.352 14.898
3.3900 19.871

than the commercial a-Fe,O, (6.0 m?*/g), which indicates its
potential activity for hydroxyl radical formation and hence
its higher photocatalytic degrading effect [48,49].

3.3. Photocatalytic activity

Fig. 7 shows the course of degradation of 5'10* M BPB
dye, which was measured in terms of its absorbance in equal
intervals of time in the following conditions: (i) under vis-
ible light irradiation in the absence of the photocatalyst,
(ii) in the presence of the 1 g/L catalyst G-Fe,O,-NPs only,
(iii) in the presence of 0.002 mM H,O, only and finally, and
(iv) in the presence of both catalyst 1 g/L. G-Fe,O,-NPs and
0.002 mM H,O,,. It is obvious in Fig. 7a that the BPB has high
photostability [2], that is, there was no significant photo-
degradation by direct photolysis. Only 3.0% of the dye was
degraded during the whole time of the experiment, while
complete photodegradation of the BPB dye was observed
in G-Fe,O,-NPs and under visible light irradiation, which
was achieved efficiently during a short time interval lasts
12 min only (Fig. S1). This was followed by the decrease in

absorbance with time, signifying the decrease in residual dye
concentration in solution, and signifying dye degradation.

Boosting the dye’s degradation rate in the photocata-
lyst’s presence was monitored by changing the color inten-
sity of the dye and measuring the percentage of total organic
carbon removal (TOC). Decolorization and almost com-
plete mineralization were maintained through an irradia-
tion time (12 min) and was confirmed by the TOC removal
rate, as a sharp decrease is recoded, reaching nearly less
than 3.0% after degradation.

The reaction kinetics showed that the reaction fol-
lowed pseudo-first-order kinetics confirmed from the plot
of In(C,/C) vs. irradiation time of the degradation process
of BPB, which follows a linear relationship with rate con-
stant equals 0.231 min™ [9], which was determined from
the slope of the linear fitting line as shown in Fig. 7b. As it
can be observed, a good correlation to the pseudo-first-or-
der reaction kinetics (r* > 0.97) was found. The observed
super efficiency of G-Fe,O,-NPs for complete mineraliza-
tion of organic dyes may be explained in terms of the stable
complex between BPB* and Fe®, which can absorb visible
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Fig. 7. Photocatalytic activity: (a) solar degradation, (b) kinetics, and (c) reuse.

light and successfully produces BPB** and Fe* [50], which
is reduced later into Fe*? via inter-molecular electron trans-
fer from an excited dye state [51]. Other primary key factors
in heterogeneous catalysis are the catalyst particle size
(40-50 nm), and BET S.A, which are assumed to enhance
the biosynthesized photocatalyst’s performance. A study
for solar photocatalytic treatment was carried out to inves-
tigate the applicability of using natural sunlight as a visible
light source. This trial results showed high consistency with
the results obtained using the Hg lamp, which is a key indi-
cator of utilizing solar light in the degradation process as
it is available, cost-effective, and energy-saving [52].

The green synthesized hematite catalyst was successfully
recycled and reused for five consecutive trials. The hematite
nanoparticles were washed and dried after each degradation
experiment to be reused in the following cycle. The results
showed no recorded decrease in the nanocatalyst’s photo-
catalytic activity, maintaining the same efficiency during
the five cycles investigated, as shown in Fig. 7c. This feature
recommends high stability of the as-prepared photocatalyst
that would further expand its usage in the remediation of
wastewater. In literature, some catalysts’ photocatalytic
properties declined after successive batches during the
reusability test [24].

3.4. Biological activity
3.4.1. Antioxidant activity

The DPPH assay [53] determined the antioxidant
potential of G-Fe O-NP’s. It was recorded that the

inhibition percentage of free radicals is affected by the
concentration of the sample (Table S1). The synthesized
sample showed antioxidant activity with IC,| = 579.9 ug/
mL relative to IC,; = 14.2 ug/mL recorded for the refer-
ence compound ascorbic acid [54]. The lower antioxidant
activity recorded for G-Fe,O,-NP’s may be attributed to the
lower radical-scavenging activity of guava leaves extract
in water. So, it is recommended to use ethanol extract due
to its higher phenolic content, enhancing their antioxidant
activity, as suggested in previous studies [53,55].

3.4.2. Antibacterial activity

The antibacterial activity of the biogenic nanoparticles
was screened against both gram-negative and gram-positive
species. A significant growth inhibition zone was observed
in Staphylococcus aureus and Pseudomonas aeruginosa with
12 and 13 mm diameter, respectively. The antibacterial
nature of the iron oxide NP’s has been well-established [56].
Based on these preliminary results, it can be concluded that
G-Fe,0,-NP’s could be further explored and used in future
studies in antimicrobial activity.

4, Conclusions

Biogenic iron oxide nanoparticles(G-Fe,O,-NP’s) were
successfully synthesized via a fast, cost-effective, and bio-
safe green route. G-Fe,0,-NP’s were fully characterized to
elucidate both stability and functionality of G-Fe,O,-NP’s.
The XRD revealed that the photocatalyst was composed
of thombohedral Fe,O,. SEM analysis showed needle-like



410 N.M.R. Mahmoud et al. / Desalination and Water Treatment 229 (2021) 403412

nanoparticle morphology. BET surface area of the as-pre-
pared nanoparticles is about 3 times higher than that of the
commercial a-Fe,O, nanoparticles. An energy band gap of
2.43 was calculated, which elucidates the catalyst’s ability
to collect visible light during the degradation process. The
high performance of the as-synthesized G-Fe,O,-NP’s as a
photocatalyst was evaluated via complete mineralization of
BPB dye within 12 min under visible light irradiation and
with a rate constant estimated to be 0.231 min™. Besides,
the biological activity of the nanoparticles was screened as
a preliminary study for our future work. Furthermore, the
photocatalyst showed high reusability several times without
any significant loss of photocatalytic activity. Finally, these
NPs may be applied as a bio-functionalized photocatalyst.
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Antioxidant Activity of G-Fe,O,-NP’s using DPPH scavenging
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Fig. S1. Decrease absorption spectra of 50 mL of BPB solution
(6 " 10* M) BPB in the presence of G-Fe,O,-NP’s (0.05 g) at an
irradiation time interval of 12 min; pH = 6.3.
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