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ABSTRACT 

In this study, iron nanoparticles (FeNPs) were synthesized by green route under microwave irradiation. Terminalia arjuna bark 
extract was used for synthesis, which acts as reducing and stabilizing agent. The synthesized FeNPs were characterised by UV-
Visible spectra, X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier transform infrared spectra (FT-IR), BET 
surface area and UV-DRS (diffuse reflectance spectrophotometer). The absorption spectra of FeNPs showed a surface plasmon 
resonance (SPR) peak at 280 nm. The photocatalytic activity of rose bengal by FeNPs was studied under sunlight and UV light 
(250 W) of photocatalytic reactor. The percentage of photodegradation of RB was 83 % and 95 %, in about 240 min and 200 min 
in sunlight and UV light, respectively. The photocatalytic degradation of RB by Fe NPs follows pseudo-first order kinetics. The 
photodegradation of RB was confirmed by LC-MS analysis. 
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1. Introduction 

Nanotechnology is used in various fields such as 
medical science, physics, engineering, chemistry, 
biology etc [1]. Metal and metal oxide nanoparticles are 
used for remediation of wastewater and wastewater 
pollutants. Metal nanoparticles like Fe (iron), Cu 
(copper), and Ag (silver) have great advantage in 
remediation of organic pollutants, dyes, and heavy 
metals from contaminated water [2-4]. Nanoparticles 
offer better properties because of their reduced size, 
huge specific surface area, surface active sites and 
efficient reactivity [5]. 

Different methods are reported for nanoparticle 
synthesis, but synthesis by green route eliminates the 
formation of by products, which are harmful to human 
being and environment. By use of plant extract, it will 
easy to synthesize nanoparticles in short time, cheaply 
and even eco-friendly to environment [6]. Biomolecules 
like polyphenols, flavonoids, proteins, tannins, saponins 
[1], polyols, terpenoids, organic acids present in plant, 
manage the composition, phase, direction and 
geography of inorganic salts, causing formation of 
nanosized particles [7].  

*Corresponding author. 
E-mail address: jmanjanna@rediffmail.com (J. Manjanna) 

FeNPs synthesis by green route using plant extract such 
as Psidium gujava [8], Rosa damascene, Thymus 
vulgaris, Urtica dioica [9], Eucalyptus leaf extract [10], 
green tea extract [2] etc have been reported. 

Mostly coloured dyes are used in textile, paper, 
cosmetics, pharmaceutical, food industries [11-14]. 
These dyes in the form of cationic, anionic, and neutral 
dye effluents from industries mixed with water thereby 
physical and chemical nature of water gets damaged. 
Most of these dyes are synthetic and aromatic in nature. 
Aromatic dyes are stable and difficult to remove [15]. 
Approximately 15% of dye stuff is emitted through 
industrial effluents. It is estimated that for 1 Kg of 
industry product, about 100 L of wastewater is 
produced, which causes chronic diseases to living 
organisms [16]. A dye molecule in wastewater causes 
carcinogenicity, mutagenicity and toxicity thereby 
mostly delicate body organs and systems of body can be 
damaged in human beings [17-19]. Among the number 
of dyes, rose bengal (RB) is a xanthenes dye used in 
textile and photochemical industries [20]. It is 
halogenated triarylmethane dye [21]. Molecular formula 
of RB is C20H4Cl4I4O5 (1017.63 g/mol). IUPAC name of 
RB is disodium 2,3,4,5-tetrachloro-6-(2,4,5,7-tetraiodo-
3-oxido-6-oxoxanthen-9-yl) benzoate. It is mildly toxic 
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bright red stain, effects on epithelial cells, mucus, and 
fibrous tissues. So, its removal from aqueous media is 
important. Photodegradation is one of the best 
techniques for destruction of dyes from wastewater. 

In photocatalysis, catalyst increases the rate of 
photoreaction in optimum condition. As day by day 
environmental problems increasing and semiconductor 
photocatalysts have huge role in energy applications, 
they are used in adsorption, degradation of dyes and 
organic pollutants [19, 22-24], hydrogen generation in 
visible light [25], electronic induced CO2 dissociation 
[26] etc. In catalysed photolysis, the light energy  
must be same or higher than the semiconductors band 
gap energy, is absorbed by an adsorbed substrate and 
create electron-hole pairs on the catalyst surface. The 
holes h+ (h+

VB) oxidizes H2O or OH ̶ to yield HO•  
and anionic superoxide radical (O2

−•) formed by the 
electron (e-

(CB)) These •OH, H2O2 and O2
• species  

are responsible for degradation of dyes [3, 26-28]. 
FeNPs are used for degradation of bromothymol blue 
[2], methyl orange, sunset yellow and acid blue [29], 
lindane [30], methylene blue and methyl orange [31] 
and even for removal of heavy metal like chromium [6] 
etc. 

Use of microwave oven decreases the preparation  
time and energy consumption and high yield of 
product/s than chemical methods. Thus, biosynthetic 
method with microwave usage improves the NPs 
synthesis through green chemistry conditions. 
Microwave assisted synthesis of metal/metal oxide 
nanoparticles by extract of plants is a rapid and  
simple method [32, 33]. Microwave irradiation provides 
rapid formation of FeNPs with larger surface area 
compared to conventional chemical methods. We 
reported here microwave irradiated biosynthesis of iron 
nanoparticles through ferrous nitrate and Terminalia 
arjuna bark extract. Extract of T. arjuna bark acts  
as reducing and capping agent in iron nanoparticle 
(FeNPs) synthesis and these FeNPs were used here for 
the photodegradation of rose bengal in aqueous 
medium. 

2. Experimental 

2.1. Reagent and materials 

Dry bark of Terminalia arjuna plant was collected from 
Belagavi (Karnataka, India) ferrous nitrate (Fe(NO3)2 
9H2O), rose bengal dye were used without further 
purification. Distilled water and analytically grade 
chemicals were used in whole experiments. Microwave 
oven and photochemical reactor were used for 
irradiation of reaction mixture and degradation of rose 
bengal, respectively. 

2.2. Preparation of FeNPs 

Approximately 10 g dried pieces of T. arjuna bark was 
taken into tiny pieces, then washed 2-3 times with 
distilled water to eliminate any adsorbed contamination 
on the surface of bark. Then it was transferred to 100 
mL distilled water, in RB flask and treated for 
microwave irradiation at constant power of 300 W for 
microwave exposure time about 5-7 min to remove 
phyto-constituents of T. arjuna bark. In microwave, 
reaction is fast as due to uniform heating which causes 
homogeneous nucleation and growth of metal/metal 
oxide nanoparticles. 2.45 GHz frequency radiations are 
generated by interaction of permanent dipole moment 
molecule. Thus reaction is reduced by a factor ~ 20 as 
compared to usual heating [34]. Through 0.2 µm 
membrane hot T. arjuna bark extract filtered to get free 
from fibrous contamination. 10 mL of this stock solution 
was placed in 10-2 (50 mL) ferrous nitrate solution. The 
yellow colour changed to greenish black. The reaction 
mixture was irradiated in microwave oven for different 
time where the mixture colour changed to black after 5 
min and spectra of mixture was recorded by UV-Vis 
absorption spectrophotometer. Fe2+  Fe0 reduction 
took place in 5 min in microwave oven. The FeNPs here 
were black in colour showing an absorption maximum 
around 280 nm. Finally, the irradiated mixture was 
centrifuged, washed with distilled water and dried at  
70 ℃ to get FeNPs in powdered form. 

Fig. 1 shows the schematic representation of the 
formation of FeNPs using the precursor ferrous nitrate 
and extract of T. arjuna bark in microwave oven. 

2.3. Photolytic experiments 

Photochemical reactor contain glass made double jacket 
cylinder of 1L capacity. Outer jacket is used to circulate 
water around the inner jacket and in inner jacket, UV 
lamp (250 W) was inserted. The UV lamp was 3 mm 
apart from the solution glass cylinder.  

100 mg FeNPs were dispersed in 1000 mL RB stock 
solution for UV irradiation in photochemical reactor as 
well as open sunlight to different interval of time. 

 
Fig. 1. Schematic representation of FeNPs preparation. 
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Prior to photocatalytic activity, both suspensions, 
sunlight and photocatalytic reactor were kept for 30 min 
in dark to attend adsorption/desorption equilibrium. 
Absorption band (max) of initial RB solution was at 
about 545 nm recorded by using UV-Vis 
spectrophotometer.  

Suspensions of 20 ppm RB (1000 mL) and 100 mg of 
FeNPs in beaker was taken and covered by plastic paper 
and kept in sunlight for about 240 min (from 12 noon to 
4 pm in April 2018). Similarly, suspension of 5 ppm RB 
solution (1000 mL) and 100 mg of FeNPs was taken in 
photochemical reactor with magnetic stirrer. For both 
the experiments, solid-to-liquid ratio was 1:10 for 
FeNPs (mg) and RB solution (mL) respectively. 

After regular interval of period, 5 mL of suspension was 
filtered through syringe filter to eliminate FeNPs 
particles and UV-Vis spectra was monitored. 
Photodegradation rate for each experiment was 
calculated by using equation 1. 

𝑃ℎ𝑜𝑡𝑜𝑑𝑒𝑔𝑟𝑎𝑑𝑡𝑖𝑜𝑛 ሺ%ሻ ൌ ቀ಴೔ష಴೑ቁൈభబబ
಴೔

   (1) 

where Ci and Cf are initial and final concentrations of 
RB solution, respectively. 

3. Results and discussion 

3.1. Characterizations 

Prepared FeNPs were analysed by UV-Visible 
spectrophotometer, XRD, FT-IR and BET specific 
surface area. FE-SEM image was recorded for 
morphology of FeNPs. 

3.1.1. UV-Vis spectrophotometer 

Fig. 2 and inset shows UV-Visible spectra of T. arjuna 
bark extract – A, 10 mM ferrous nitrate – B and mixture 
–C from microwave to 5 min (A+B) respectively. 

Fig. 3 shows UV-Vis spectra of FeNPs to different 
period. The reduction of ferrous nitrate solution was 
seen from the colour change from yellow to black. 
Absorbance increased with increase in reaction time. 
Fe2+  Fe0 reduction takes place, as biomolecules act 
reducing agent present in T. arjuna bark extract. 
Absorption peak of synthesized FeNPs was at 280 nm 
because of surface plasmon resonance (SPR) effect [35-
36]. SPR peak of FeNPs was observed at 293 nm [37] 
and 235 nm [38]. 

3.1.2. FT-IR analysis 

Fig. 4 shows FT-IR spectra of FeNPs. The extract of  
T. arjuna bark contains polyphenols, flavonoid, 
glycosides, triterpenoids, saponins, tannins etc is 
reported in ref [39-41].  

 
Fig. 2. UV-Visible spectra of T. arjuna bark extract, ferrous 
nitrate and the reaction mixture after  5 min of microwave 
irradiation. Inset shows extract of T. arjuna bark (A), 10 mM 
ferrous nitrate (B) and mixture of both (C). 

Polyphenols in plant extract were responsible for the 
preparation of nanoscale Fe0 particles with unique 
properties [5]. Absorption intensity band at 3452 cm-1 is 
due to O-H stretching vibrations i.e. polyphenol 
compounds causes reduction of Fe2+ to Fe0. The band at 
1634 cm-1 is due to aromatic stretching vibrations of 
C=C and 1384 cm-1 is for CH3 asymmetric stretching 
[42-43]. FeNPs synthesis through plant extracts may be 
represented as [10, 44-45]  

nFe2+ + 2Ar-(OH)n → nFe0 + 2nAr=O+2nH+ where Ar 
is phenyl group and n is the number of hydroxyl groups 
oxidized by Fe2+. In this study, the FeNPs formed are 
stable due to the presence of capping agents. 

Fig. 5 shows the XRD pattern of as obtained FeNPs. The 
poor nature of XRD diffraction peak was due to 
amorphous nature of FeNPs particles. 

 
Fig. 3. UV-Visible spectra of FeNPs during the irradiation of 
reaction mixture. 
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Fig. 4. FT-IR spectra of Terminalia arjuna bark (fine powder) 
and FeNPs. 

3.1.3. XRD analysis 

In XRD of FeNPs, a broad peak around 2θ = 250 
ascribed to lattice plane (200) because of organic matter 
from the bark extract, which act as capping and reducing 
agent [46-47]. For zero-valent FeNPs, 2θ peak was 
observed at 44.75° [38]. In our sample, the peak at 250 
is due to polyphenol compounds from plant extract 
present on the amorphous FeNPs [48]. Although the 
FeNPs obtained here are dried at 70 0C, there was no 
improvement in the crystallinity. 

3.1.4. FE-SEM analysis 

The surface morphology of FeNPs is evident from SEM 
image as shown in Fig. 6. The structure is relatively 
uniform and globular in nature causing large surface 
area with diameter between 20-80 nm. Polyphenols in 
T. arjuna bark extract act as capping agent, to manage 
aggregation and dispersion improvement of FeNPs. 

 
Fig. 5. Powder XRD pattern of FeNPs (after heating to 70 ℃). 

 
Fig. 6. FE-SEM image of FeNPs.  

3.1.5. UV-DRS and BET analysis 

The DR UV-Vis spectra of FeNPs is given in Fig. 7a, 
which shows a peak around 290 nm. The sharp peak 
indicates FeNPs are in zero-valent state. The peak 
intensities decrease and broader because of decreasing 
in particle size. The DRS of FeNPs was calculated by 
using Kubelka-Munk equation, K = (1-R)2/2R where K 
is the transformed reflectance and R is the reflectance 
(in %) obtained in DRS [49-50]. 

BET N2 adsorption/desorption isotherm of FeNPs was 
shown in Fig. 7b. BET-BJH test, the specific surface 
area of FeNPs by this test was relatively small,  
around 4.18 m2 g1 and pore volume were about 7  103 
cm3g-1. Fazlzadeh et al. (2017) reported specific surface 
area for iron nanoparticles for three plant extracts viz., 
Rosa damascene, Thymus vulgaris and Utrica dioica as 
1.42, 1.63 and 2.42 m2g1, respectively [9] and Bagbi et 
al. (2017) have reported 4.4 m2g1 [51]. 

3.2. Photodegradation of RB 

RB dye without FeNPs shows negligible degradation (< 
5%) in presence of sunlight and photocatalytic reactor. 
UV-Vis spectra of suspensions in sunlight and 
photocatalytic reactor at different period interval was as 
shown in Fig. 8a and Fig. 9a, respectively. As irradiation 
time increases, there was decrease in absorption 
intensity of RB and nearly entire photodegradation of 
RB took place. The RB degradation in presence of 
sunlight is 83 % (240 min) whereas in UV light it is 95 
% (200 min) as shown in Fig. 8a and Fig. 9a 
respectively.  

Fig. 10 gives the kinetic data of photodegradation under 
sunlight, UV light and in absence of FeNPs. 
Photodegradation of RB by FeNPs follows pseudo-first 
order kinetics as given in Fig. 11. It is expressed as, 
ln(C0/Ct) = kt, where C0 initial concentration and Ct 
concentration at time t (min), k is pseudo-first order rate 
constant. 
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Fig. 7. (a) DR UV-Vis spectra and (b) BET N2-adsorption-desorption isotherm of solid FeNPs. 

Since the plot of ln (C0/Ct) vs. t (time) gives a linear fit, 
the slope is taken as the rate constant (k) of reaction. The 
values of slope (k) were 7.82×10-3 min-1in sunlight and 
1.5×10-2 min-1 in UV light. R2 values were 0.978 in 
sunlight and 0.934 in UV light. The initial pH of RB (5 
ppm) was 5.72 and it was decreased to 3.15 in 
photocatalytic reactor. Initial pH of RB (20 ppm) was 
6.1 and it was decreased to 4.3 at the end of reaction in 
sunlight.  

3.2.1. Mechanism of RB degradation 

The FeNPs are known to exhibit high adsorption due to 
minute dimensions and bulky specific surface area. 
Also, they are known for reducing ability and activity. 
The FeNPs act as moderate reducing agents to react with 

dissolved oxygen (DO) and degrade the contaminants in 
aqueous medium. The DO may create hydroxyl free 
radicals, which are highly oxidising to degrade organic 
pollutants like dyes, phenols, halogenated organic 
compounds, nitroaromatic compounds etc. [52-53]. In 
this process, Fe0 (zero-valent) is converted into Fe2+ 
(divalent) and Fe3+ (trivalent) after oxidation with RB 
dye [53-55].  

Fe0 +2H+ + O2 → Fe2+ + H2O2 

Fe0 + H2O2 + 2H+→ Fe2+ + 2H2O 

Fe2+ + H2O2 → Fe3+ + ·OH + OH- 
•OH + RB → degraded products 

  

Fig. 8. (a) UV-Vis spectra of RB (20 ppm) with S/L = 0.1g /L in sunlight after irradiation to different time and (b) shows % 
degradation of RB with irradiation time. 
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Fig. 9. (a) UV-Vis spectra of RB (5 ppm) with S/L = 0.1g/L irradiated in photocatalytic reactor having UV light 250 W and (b) 
shows % degradation of RB with time. 

 

Fig. 10. Plot of Ct/C0 vs. irradiation time in absence and 
presence of FeNPs under sunlight and UV light. 

3.2.2. Degradation product of RB dye 

Liquid chromatography mass spectroscopy (LC-MS) 
was used to confirm degradation of dye and analysis of 
degraded products. Here LC-MS technique was used to 
analyse degraded products of RB. The fragmented 
products were identified by mass fragmentation model 
as shown in Fig. 12. The prominent peak of standard 
rose bengal is at m/z 1017. After photodegradation, the 
RB standard peak almost left and new by-products are 
observed, having different m/z values. Sinha and 
Ahmaruzzaman (2016), Bhattacharjee et al (2017) and 
Farooq et al (2019) have been reported LC-MS 
degraded products [3, 21, 56]. From m/z values 
degraded products were identified and degradation 
pathway of RB is suggested in Scheme 1. 

 
Fig. 11. Plot of ln (C0/Ct) vs. irradiation time for 
photodegradation of RB by FeNPs. 

 
Fig. 12. LCMS result of photodegraded RB (5 ppm of RB + 
0.1 g/ L FeNPs). 
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Scheme 1. Possible degradation fragments obtained after photodegradation of rose bengal dye in presence of FeNPs.  

4. Conclusions 

FeNPs were prepared here by using ferrous nitrate and 
aqueous T. arjuna bark extract in microwave oven. The 
formation of FeNPs was confirmed from UV-Vis 
spectra, FT-IR, XRD and FE-SEM analysis. The FeNPs 
were used to degrade the dye, rose Bengal (RB) from 
aqueous solution. Based on the UV-Vis spectral 
analysis, the photodegradation of RB was about 83 % 
(240 min) in sunlight and 95 % (200 min) in 
photocatalytic (UV light) reactor. The photodegradation 
of RB followed the pseudo-first order kinetics. RB is 
decolorized as it undergoes complete degradation by 
FeNPs, and LC-MS analysis confirmed the composition 
of degraded products. Nevertheless, detailed 
investigation is essential to arrive at the mechanism of 
RB degradation. 
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