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Nanotechnology can be defined as the manipulation of matter through cer-
tain chemical, physical, or biological processes to create materials with spe-
cific properties, which can be used in particular applications. Ferrous nano-
particles have been synthesized biologically using extract obtained from the
plant Phyllanthus acidus. The extract has been added to a solution of ferrous
salt and has been incubated for 24 hours at room temperature to facilitate the
formation of Fe nanoparticles. Nanoparticles have been synthesized chemi-
cally by the reduction of ferrous salt using a strong reducing agent in pres-
ence of a stabilizing agent. The synthesis of Fe particles has been confirmed
by UV—Vis spectroscopy analysis. The absorption spectra showed the pres-
ence of nanoparticles. FTIR analysis has been done to study the changes in
organic groups present in the plant extract. FESEM images show size and
morphology of synthesized nanoparticles. The photocatalytic activity of syn-
thesized nanoparticles has been studied using certain industrial dyes. Using
these nanoparticles, industrial effluent like effluents of dye industry can be
treated to degrade toxic dyes.

HanorexnoJsoriro MoKHA BUSHAYUTU K MAaHIIYJIOBAHHS PEYOBUHOIO 34 I0O-
IIOMOTOI0 IIEBHUX XeMiuHuX, PisuuHmx abo 0ioJorivHMX HPOIleciB IJIs CTBO-
PEeHHA MaTepianiB 3i cmenmu(pivHUMU BJIACTHUBOCTAMU, SKi MOMKYTh BUKOPHUC-
TOBYBaTHCSA B KOHKPETHUX 3aCTOCYBAHHAX. 3aJidHi HAHOUACTUHKU CHUHTE3Y-
I0TbCcA 0i0JIOTiYHO 3 BUKOPUCTAHHAM €EKCTPAKTy, OAEpP:KaHOTO0 3 POCIUHU
Phyllanthus acidus (dpinnanryc rucauit). EKcTpakT goxaBaiu 5o PO3YUHY CO-
Ji 3ayisa i iHKyOyBasu mporarom 24 roguH 3a KiMHATHOI TeMIlepaTypu AJs
MOJIETIIIEHHSA YTBOPeHHs HaHouacTull Fe. XemMiuHo HAaHOYACTUHKY OYyJIH CHH-
Te30BaHi MIJIAXOM BiJHOBJIEHHSA COJIi 3aji3a 3 BUKOPUCTAHHAM CUJIBHOTO Bif-
HOBHHUKA B IPHUCYTHOCTI cTabisisyBansHoro arenra. CuaTesy uacTuHOK Fe mia-
TBEP/’KeHO CIeKTPOCKOIIiYHOI0 aHaIi3010 B YIbTPa(ioseToBOMY Ta BUIUMOMY
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Iissmasonax. CreKTpu MOTJMHAHHA I0KAa3aJu HagBHICTh HAHOYACTUHOK. AHa-
Jaizy @yp’e-00pasiB y CIeKTPOCKOIIii iH(pauepBOHOTr0 AiAMa30Hy OYJIO IPOBE-
JIeHO JJIsT BUBUEHHS 3MiH B OPraHiuHUX T'PYyIax, IO € IPUCYTHIMU Yy POCINH-
HOMY eKcTpakTi. 300pakeHHS CKaHYBaJbHOI eJeKTPOHHOI MiKpocKoimii
IIOJILOBOI eMicii mMoKa3yoTs po3Mip i MOp@oJIOrito CHHTe30BAHNX HAHOYACTU-
HOK. DoToKaTamiTHUYHA aKTUBHICTh CUHTE30BAHMX HAHOUYACTHUHOK BUBUAJIACSA
3 BUKOPHUCTAHHAM JIeIKUX IIPOMUCIOBUX OapBHUKIB. BUKOpHCTOBYIOUH IIi Ha-
HOYaCTUHKU, IPOMUCJIOBI Bifxonm, Taki AK ctiuni Bogu papbyBaabHOI mpoMu-
CJIOBOCTH, MOKHA 00pOOJIATH, 00 PYyHHYBATH TOKCUYHI 6aPBHUKU.

HaHoTexXHOJOTHIO MOYKHO OIPENeJUTh KaK MAaHUIYJIHNPOBAaHUE BEIeCTBOM IIO-
CPeICTBOM OIPENeJEHHBIX XUMUUYECKUX, (PUBUYECKUX WIU OUOJOTMUYECKUX
IIPOIIECCOB AJISI CO3aHUS MATEPUATIOB CO CIEUMUUIECKUMU CBONCTBAMMU, KOTO-
pPbIe MOTYT HCIIOJIb30BATHCA B KOHKPETHBIX IPUJIOKeHUAX. JKee3nble HaHOUA-
CTUIBI CHHTE3UPYIOTCSA OMOJIOTUUECKY C UCIIOJB30BAHUEM 9KCTPAKTA, ITOJIYUEH-
Horo u3 pacreHus Phyllanthus acidus (bumianTyc Kucablit). IKCTPaKT Ho00aB-
JISJIM K PaAcTBOPY COJIM 2Kejie3a M MHKYOMpoBaJau B TeueHue 24 1acoB IIPU KOM-
HATHOM TeMIlepaType IJs obJierdueHus obpasoBaHusa HaHouacTul, Fe. Xumuue-
CKM HAHOUYACTUIIHI OBLIN CUHTE3MPOBAHEI ITYTEM BOCCTAHOBJIEHUSA COJIU JKeJiesa C
HCIIOJIb30BAHUEM CUJIBHOTO BOCCTAHOBUTEJIS B MIPUCYTCTBUY CTA0UIN3UPYIOIIlEe-
ro arenta. CuHTe3 uacTul Fe mMOATBEPIKAEH CIIEKTPOCKOTMUYECKUM aHAJIN30M B
yabTpadroIeTOBOM U BUAUMOM Auanas3oHax. CIeKTPhI IOrJIOIIeHNs IT0Ka3aIn
HaJuuyure HaHouacTull. Ananns ¢pypbe-00pas3oB B CIEKTPOCKOINY NHMPAKPACHO-
ro auarasoHa ObLI IIPOBENEH A1 U3YyUYeHUs] N3MEeHEeHU B OPraHn4YecKuX rpyIi-
Iax, IPUCYTCTBYIOIINX B PACTUTEJIHLHOM 9KCTpaKTe. V300paskeHUs CKaHUPYIO-
el 9JeKTPOHHOM MUKPOCKOIMU IIOJIEBOM 9MUCCHUU THOKAa3hIBAIOT pasMep u
MOPGOJOTHUIO CUHTE3UPOBAHHBIX HaHOUACTHUI. POTOKATAJINTHUECKAs aKTUB-
HOCTH CHHTE3MPOBAHHBLIX HAHOYACTUI[ M3YyYAIach C MCIIOJb30BAHMEM HEKOTO-
PBIX MIPOMBINIIEHHBIX Kpacuteseii. Mcmonb3ysa 9TH HAHOYACTHUIILI, ITPOMBIIII-
JIEHHBI€ OTXOHbI, TaKMe KAaK CTOYHBLIE BOAbI KPACHUJIbHON IIPOMBIIILIEHHOCTH,
MOJKHO 06pabaThIBaTh, YTOOBI Pa3PyIIaTh TOKCUUHBIE KPACUTEJIH.

Key words: nanoparticles, ferrous Phyllanthus acidus, ferric chloride,
photocatalytic activity, dyes.
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1. INTRODUCTION

Nanotechnology can be defined as the manipulation of matter through
certain chemical and/or physical processes to create materials with
specific properties, which can be used in particular applications. A na-
noparticle can be defined as a microscopic particle that has at least one



SYNTHESIS OF Fe NANOPARTICLES USING BIOLOGICAL AND CHEMICAL METHODS 569

dimension less than 100 nanometres in size. Unlike bulk materials,
they have unique optical, thermal, electrical, chemical, and physical
properties and, hence, they find a variety of applications in the areas
of medicine, chemistry, environment, energy, agriculture, infor-
mation, and communication, heavy industry and consumer goods.
Many different numbers of ways can synthesize nanoparticles. Howev-
er, they have been classified into three different ways. They are physi-
cal methods, chemical methods, and biological methods. For this
study, chemical methods and biological methods were used.

The noble metallic nanoparticles may be incorporated for numerous
applications in different fields like electronics, microscopy, biomedi-
cines and textile. In textile and paper industry recently, ferrous nano-
particles are used to degrade the organic dyes as they exhibit enhanced
photocatalytic property for degrading organic dyes under solar radia-
tion. Recent reports suggest that the removal of organic dyes using Fe
nanoparticles is a better choice than the common dye removal tech-
niques like redox treatment, electro-coagulation, carbon sorption and
UV photodegradation (Kaushik Roy et al., 2015).

Dyes are a major class of synthetic organic compounds used in varie-
ty of applications. One of the applications of dyes is in textile indus-
tries, which consumes about 60% of total dye production for coloration
of various fabrics. Moreover, after the completion of their use, nearly
15% of dyes are wasted. These dye compounds dissolve in water bodies
with a concentration in between 10 and 200 milligram per litre results
in significant water pollution worldwide. Therefore, treatment of dye
effluents from textile industries is a mandatory part of wastewater
treatment. The release of dye effluents in aquatic systems is major en-
vironmental concern because coloration not only decreases sunlight
penetration and dissolved oxygen in water bodies, but also releases tox-
ic compounds during chemical or biological reaction pathway that af-
fects aquatic flora and fauna. These nanoparticles are used extensively
in the degradation of these textile effluent dyes (Ravindra et al., 2016).

2. MATERIALS AND METHODS
2.1. Chemicals
Ferric chloride, sodium borohydride, trisodium citrate dihydrate, rho-

damine B (powder), methylene blue (powder). All the chemicals were
bought from Merck, India.

2.2, Collection of Plant Sample

The leaves of Phyllanthus acidus was collected from a garden in Chen-
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nai district, Tamilnadu, India. After the collection of leaves, they were
washed well in running tap water twice. Then, they were washed in dis-
tilled water and preserved. Only fresh and healthy leaves were taken
for the study. After washing, the leaves were used for the preparation
of the extract.

2.3. Preparation of the Extract

The well-cleaned fresh leaves were taken for the preparation of the
plant extract. 20 grams of leaves was taken and was finely chopped.
The finely chopped leaves were taken in a 100 ml beaker and 100 ml of
distilled water was added. Then, the leaves with water were boiled at
80°C for 45 minutes. Then, the extract is taken and allowed to cool.
Then, the extract is filtered in Whatmann No. 1 filter paper. This ex-
tract is used as a reducing agent for the synthesis of nanoparticles.

2.4. Biological Synthesis

The ferric chloride solution was prepared in a 250 ml conical flask. The
molarity of the solution taken is 0.1 M. 1.622 grams of ferric chloride
in 100 ml of distilled water. 90 ml of 0.1 M ferric chloride solution was
taken in a 250 ml clean conical flask. 10 ml of the prepared plant ex-
tract is added to the ferric chloride solution. On addition of the plant
extract, immediate colour change from light orange to black is observed
instantaneously. Then, the nanoparticle solution is incubated at 30°C
for 24hours. After the 24 hours, the nanoparticle is separated from the
solution. Figures 1 and 2 show the colour change process during the
formation of Fe nanoparticles (Sangiliyandi Gurunathan et al., 2015).

2.5. Chemical Synthesis

In chemical method, 0.1 M of ferric chloride is used to synthesis of na-

Fig. 1. This is the 0.1 M of ferric chloride solution before addition of plant ex-
tract.
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Fig. 2. UV-Vis spectroscopy analysis of biologically synthesized Fe nano-
particle that has a peak at 294nm.

noparticles. The reducing agent used is sodium borohydride. The molar-
ity of the sodium borohydride used is 2.5 M. 1.89 grams of sodium bo-
rohydride is dissolved in 20 ml of distilled water. 0.1 M ferric chloride
is prepared by dissolving 1.622 grams in 100 ml of distilled water. In
this method, trisodium citrate dihydrate is used as a stabilizing agent.
Molarity of trisodium citrate dihydrate is 75 mM. 2.205 grams of triso-
dium citrate dihydrate is used. Now, 80 ml of 0.1 M ferric chloride is
taken in clean 250 ml conical flask. 2.205 grams of trisodium citrate
dihydrate is dissolved in ferric chloride solution. Then, 20 ml of sodium
borohydride is added slowly accompanied by continuous stirring. This
addition of reducing agent is accompanied by formation of bubbles. Af-
ter the addition of 20 ml of sodium borohydride, the colour change can
be observed from light orange to dark black. Once the bubble formation
ceases, that assumed reaction is complete. Then, the solution is incu-
bated at 30°C for 24 hours. After the 24 hours, the nanoparticle is sepa-
rated from the solution was represented by the colour change process
during the formation of Fe nanoparticles (Yuvakkumar et al., 2011).

2.6. Separation and Drying of Nanoparticles

After 24 hours of incubation, the solution of the nanoparticle is centri-
fuged at 3000 rpm for 15 minutes. The supernatant is discarded. The
pellet is the nanoparticle. The pellet is washed with distilled water for
2 to 3 times. Then, the pellet is collected and is freeze dried in a lyophi-
lizer overnight. After drying, the nanoparticle powder is used for fur-
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ther analysis and application (Brajesh Kumar et al., 2015).

2.7. Characterization of Fe Nanoparticles

After drying, the Fe nanoparticles are characterized using various
studies like UV—Vis spectroscopy, Fourier-transform infrared (FTIR)
spectroscopy and field emission scanning electron microscopy
(FESEM) analyses. The sample is centrifuged and the pellet along with
some liquid portion is given for UV—Vis spectroscopy analysis. For the
FTIR and FESEM analyses, the sample is given in the form of dry pow-
der. For FTIR of the control sample, the plant extract is lyophilized
and given in the form of powder.

2.8. Photocatalytic Activity
2.8.1. Methylene blue

The nanoparticle is analysed for its photocatalytic activity. Photocata-
lytic activity is defined as the degradation activity in presence of sun-
light. The degradation capability of nanoparticles for the textile indus-
try dyes in presence of sunlight is analysed. The dyes like methylene
blue and rhodamine B (basic violet) were used for the experiment.

Methylene blue has a formula C,;H,;CIN,;S. The stock solution was
prepared by dissolving 1 gram of methylene blue powder in 100 ml dis-
tilled water. Then, 1 ml of the solution was taken and added in 9 ml dis-
tilled water, which is stock 2. Then, 1 ml of solution from stock 2 is
taken and added to 99 ml of distilled water, which is working standard.
The concentration of working solution is 10 mg/1. 3 tubes were taken
labelled as A, B, C. 10 ml of working standard is taken in each of the
three tubes. A is control 1, which has no nanoparticles and is kept in
sunlight, which is approximately 30°C. B is control 2, in which 5 mg of
nanoparticles are added, and is kept in dark. C is test, in which 5 mg of
nanoparticles are added and kept under sunlight irradiation. All the
three tubes were incubated for 6 hours. The solutions were centri-
fuged, and clear supernatant is collected and reading was taken in a
colorimeter at 620 nm, one hour once. The readings showed gradual
decrease in reading for the test indicating the degradation of the dye.
The readings were recorded and tabulated (Herrera et al., 2016).

2.8.2. Rhodamine B

Rhodamine B dyes’ degradation by nanoparticle was studied in the same
way as methylene blue. Rhodamine B formula is C,3H;,CIN,0O;. The stock
solution was prepared by dissolving 1 gram of methylene blue powder in
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100 ml distilled water. Then, 1 ml of the solution was taken and added in
9 ml distilled water that is stock 2. Then, 1 ml of solution from stock 2 is
taken and added to 99 ml of distilled water that is working standard.
The concentration of working solution is 10 mg/1. Here, five tubes were
taken labelled as A, B, C, D, E. 10 ml of working standard is taken in
each of the tubes. Tube A is control 1, which has no nanoparticles but is
kept in sunlight. Tube B is control 2, which has 5 mg of nanoparticles
and is kept in dark. Tubes C, D, E have nanoparticles in concentration of
5mg, 10 mg, 15 mg, respectively. Each of them was kept under sunlight
irradiation. The tubes were incubated in respective conditions for 6
hours. The solution was centrifuged, clear supernatant is collected, and
reading was taken in a colorimeter at 540 nm, one hour once. The read-
ings were recorded and tabulated (Herrera et al., 2016).

2.9. Percentage of Degradation
The percentage of degradation was calculated using the formula:
D=(4,-4)/1004),

where D—percentage of degradation; A,—initial OD reading; A,—OD
reading at i** hour.

The percentage of degradation was calculated using the above for-
mula for every hour and a graph is plotted taking time on x-axis and
percentage of degradation on y-axis. The curve obtained gives the effi-
ciency of nanoparticle to degrade dyes.

3. RESULTS AND DISCUSSION
3.1. UV—Vis Spectroscopy

Ultraviolet—visible spectroscopy refers to absorption spectroscopy or
reflectance spectroscopy in the ultraviolet—visible spectral region.
This means it uses light in the visible and adjacent ranges. The absorp-
tion or reflectance in the visible range directly affects the perceived
colour of the chemicals involved. In this region of the electromagnetic
spectrum, atoms and molecules undergo electronic transitions. This
spectroscopy helps in identification of presence of nanoparticles. The
nanoparticles give unique absorption spectra over the range of wave-
lengths. The instrument used is Shimadzu UV-1800, Japan.

3.1.1. Biologically synthesized Fe nanoparticle

The nanoparticle synthesized by biological method using plant extract
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was analysed using UV-Vis spectroscopy at the range of 200 to 800
nm. Figure 2 represents the UV—Vis absorption spectra of biologically
synthesized nanoparticle. The nanoparticle gave a sharp absorption
peak at 294 nm. This indicates the presence of nanoparticle in the solu-
tion. Studies from Yuvakkumar et al. (2011) in synthesis of Fe nano-
particles had a UV—Vis absorption peak at 268 nm.

3.1.2. Chemically synthesized Fe nanoparticles

The nanoparticle synthesized by chemical method using sodium boro-
hydride as reducing agent and trisodium citrate dihydrate as stabiliz-
ing agent was analysed using UV—Vis spectroscopy. Figure 3 repre-
sents the UV—Vis absorption spectra of chemically synthesized nano-
particle. This nanoparticle did not show a sharp absorption peak but
gave a continuous absorption spectrum over the range of wavelength
from 200—-800 nm. This shows the presence of nanoparticle in the sam-
ple. The study of Yen Pin Yew et al. (2016) in the synthesis of Fe nano-
particle using Kappaphycus alavarezii also reported a continuous ab-
sorption spectrum in the range of 200 to 800 nm.

3.2. Fourier-Transform Infrared Spectroscopy

In nanoparticle, FTIR analysis will help to find out whichever chemical
groups helped in the fabrication and stabilization of the nanoparticles.
For the analysis, the sample is given in the powder form. The instru-
ment used is Alpha spectrometer, US.
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Fig. 3. UV—Vis spectroscopy of chemically synthesized Fe nanoparticle show-
ing a continuous absorption spectrum over the wavelength of 200 to 400 nm.
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3.2.1. Biologically synthesized Fe nanoparticle

The synthesized nanoparticle is analysed in the FTIR instrument and is
taken as test. The control used for this analysis is the plant extract,
which was lyophilized and analysed in powder form. The comparison
between control and test shows the various chemical groups involved
in the formation of nanoparticles. Figures 4 and 5 represent the FTIR
spectra of control and test, respectively.

The peak at 3446 cm ™ in control and peak at 3404 cm ™ indicates a hy-

T, %

Fig. 4. FTIR analysis of the plant extract (control) showing various func-
tional groups present in them.
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Fig. 5. FTIR analysis of the biologically synthesized Fe nanoparticle (test)
shows various functional groups aided in the formation of Fe nanoparticle.
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droxyl group. This shows a compound in the plant extract that has a hy-
droxyl group as a functional group acted as reducing agent and has in-
volved in the formation and stabilization of the nanoparticle. Likewise,
the peak at 1656 cm™ in control and at 1647 cm™ in test indicates a car-
boxylic group. Again, this shows that a compound in plant extract hav-
ing carboxylic group has functioned as a reducing agent and helped in
formation and stabilization of nanoparticle. In the same way, the peaks
at 1400 cm™ in control and at 1388 cm™ in test indicate a ketone group.
A compound in the extract, which has a ketone group, has involved in
the formation and stabilization of nanoparticle. By comparing the peaks
in both test and control, the conclusion was determined from various
compounds present in the plant that extract has involved as a reducing
agent and helped in the formation and stabilization of the nanoparticles.

Studies of Ting Wang et al. (2014) in synthesis of Fe nanoparticles using
Eucalyptus leaves show similar bands and peaks.

3.2.2. Chemically synthesized Fe nanoparticle

The nanoparticle, which was synthesized using sodium borohydride as
a reducing agent, was analysed using FTIR, and the results were ob-
tained. Figure 6 indicates the FTIR analysis of the chemically synthe-
sized nanoparticle. The sample was given in the powder form for the
analysis. The results show the various chemical groups involved in the
formation of nanoparticles.

The peaks at the range of 1600—1800 cm™* correspond to ketone bond
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Fig. 6. FTIR analysis of chemically synthesized Fe nanoparticle showing
various groups involved in the formation Fe nanoparticle.
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stretch. Especially, peaks at 1723 cm™ and 1761 cm™ indicate the car-
boxylic acid group. This confirms the involvement of trisodium citrate
dihydrate in the stabilization of the nanoparticle. The peaks at the
range of 600—1000 cm ™ correspond to alkyl bending, which again con-
firms that trisodium citrate is involved in stabilization of nanoparti-
cles. Thus, FTIR analysis shows the various chemical groups in reduc-
ing agent and stabilizing agent involved in the fabrication and stabili-
zation of the Fe nanoparticle. Studies of Chaki et al. (2015) synthesis
of Fe nanoparticles using sodium borohydride as reducing agent re-
ported similar peaks and bands.

3.3. Field Emission Scanning Electron Microscopy

Scanning electron microscope is used to know the size, shape and mor-
phology of the synthesized nanoparticle. The image shows both the ap-
proximate size and the morphology of the nanoparticle. Since Fe nano-
particles are magnetic in nature, they cannot be analysed using normal
SEM because the electromagnetic lenses produce a magnetic field with-
in the instrument that will disturb the nanoparticles being analysed
making them to agglomerate, and exact size of the nanoparticle cannot
be identified. Therefore, these Fe nanoparticles are analysed using
FESEM.

3.3.1. Biologically synthesized Fe nanoparticle

The nanoparticle synthesizes using biological method is analysed using
FESEM to know the size and the morphology of the nanoparticle. The
sample was given in the form of powder. Figure 7 shows the FESEM

200 win EA4T - 20.00 WV Sigral A= tiileins Dae 22Ma 201¢
k { WD+ £ ag= 328CKX Timo: 113055

Fig. 7. FESEM image of biologically synthesized Fe nanoparticle showing
the morphology and the size of the nanoparticle.



578 R. THYAGARAJAN, S. PRADEEP KUMAR, V. RAMESH KUMAR et al.

image of the biologically synthesized nanoparticle. The image shows
that the nanoparticles are of various shapes and show amorphous mor-
phology. The size of nanoparticle ranges from 20 nm to 50 nm showing
average diameter of 36 nm. The size of the nanoparticle was found us-
ing software called Imaged. Studies of Yen Pin Yew et al. for the syn-
thesis of Fe nanoparticles using seaweed extract obtained a mean di-
ameter of 28 nm.

3.3.2. Chemically synthesized Fe nanoparticle

The nanoparticle synthesizes using chemical method is analysed using
FESEM to know the size and the morphology of the nanoparticle. The
sample was given in the form of powder. Figure 8 shows the FESEM im-
age of the chemically synthesized nanoparticle. The image shows that
the nanoparticle is of various shapes but mostly of circular morphology.
The size of nanoparticle ranges from 20 nm to 40 nm with an average
diameter of 24 nm. The size of the nanoparticle was found using soft-
ware called Imaged. The image was uploaded in the software and its
mean particle diameter was calculated. The scale required is set in soft-
ware after uploading the image. The software identifies individual par-
ticle boundaries, and its size is measured. The result is obtained in the
preset scale. The study of Sneha Shah et al. in the synthesis of Fe nano-
particles had obtained Fe nanoparticle of mean diameter of 17 nm.

3.4. Photocatalytic Activity

The photocatalytic activity of the synthesized nanoparticles has been
analysed using two dyes. The degradation capability of the synthesized
nanoparticles in presence of sunlight has been analysed and the results

$ ¥ i n 2 .
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Fig. 8. FESEM image of chemically synthesized Fe nanoparticle showing
the morphology and the size of the nanoparticle.
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are recorded. The activity is calculated in percentage and is represent-
ed in form of a graph. The graph shows the dye degrading capacity of
the nanoparticle in assistance of sunlight. The percentage of degrada-
tion for the nanoparticles is calculated using a formula specified in
methods section. The readings were taken in colorimeter for every
hour and suing those readings percentage of degradation was calculat-
ed accordingly. A graph was plotted taking time in hours on x-axis and
percentage of degradation on y-axis.

3.4.1. Biologically synthesized Fe nanoparticles

Figures 9—12 show the graphs representing the photocatalytic activ-
ity of biologically synthesized nanoparticles. Sample 15 presents the
activity of nanoparticles for methylene blue dye and sample 18 rep-
resents activity of nanoparticles for rhodamine B dye.

3.4.1.1. Methylene blue

The graph 15 shows the photocatalytic activity of nanoparticle for
methylene blue dye. There are three curves representing three differ-
ent conditions. The first curve C; (control 1) represents dye solution
along with 5 mg of nanoparticle kept in dark condition. The second
curve C, (control 2) represents dye solution alone kept in direct sun-
light. The third curve T (test) represents dye solution along with 5 mg
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C,—Dye solution + 5 mg nanoparticle (dark incubation);
C,—Dye solution (sunlight incubation);
T,—Dye solution + 5 mg nanoparticle (sunlight incubation).

Fig. 9. The graph showing the photocatalytic activity of the biologically
synthesized Fe nanoparticle on methylene blue dye.
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C;,—Dye solution + 5 mg nanoparticle (dark incubation);
C,—Dye solution (sunlight incubation);
T,—Dye solution + 5 mg nanoparticle (sunlight incubation);
T,—Dye solution + 10 mg nanoparticle (sunlight incubation);
T;—Dye solution + 15 mg nanoparticle (sunlight incubation).

Fig. 10. The graph showing the photocatalytic activity of the biologically
synthesized Fe nanoparticle on rhodamine B dye.

nanoparticle kept in direct sunlight. The absorbance of the solutions
was read at 620 nm for every hour. The images 13 and 14 show the col-
our of the methylene blue dye at 0** hour and at 5" hour.

From these Figures, test sample gave maximum degradation per-
centage of 90.4% in 5 hours and it increases linearly every hour. In the
same time, C; and C, have a degradation percentage of 45.2% and
14.2%, respectively. It is clear that the nanoparticle has a degradation
activity against methylene blue dye solution, and its activity or the de-
grading capability is enhanced by sunlight. The sunlight activates the
nanoparticle and enhances its degrading ability. Therefore, biological-
ly synthesized nanoparticle has a degrading activity of 90.4% in 5
hours against methylene blue dye. The colour reduction of methylene
blue in a time span of 5 hours. Studies of A. Herrea et al. (2016) in pho-
tocatalytic activity of Fe nanoparticles on phenol obtained 89.1% deg-
radation efficiency.

3.4.1.2. Rhodamine B

Figure 12 represents the photocatalytic activity of the nanoparticle
against rhodamine B dye. There are five curves in the graph. The curve
C1 (control 1) represents dye solution along with 5 mg of nanoparticle
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C;,—Dye solution + 5 mg nanoparticle (dark incubation);
C,—Dye solution (sunlight incubation);
T,—Dye solution + 5 mg nanoparticle (sunlight incubation).

Fig. 11. The graph showing the photocatalytic activity of the chemically
synthesized Fe nanoparticle on methylene blue dye.

kept in dark condition. The curve C, (control 2) represents dye solution
alone kept in direct sunlight. The curves T,, T, T represent the dye
solution along with 5 mg, 10 mg, 15 mg of nanoparticle respectively
kept in direct sunlight. The readings were taken at 540 nm in a color-
imeter for every hour. The images 16 and 17 show the colour of the
rhodamine B dye at 0" hour and at 5" hours.

From this Figure, it is evident that the nanoparticle has very lesser
activity for rhodamine B than that for methylene blue. Even when the
concentration of nanoparticle is increased up to 3 times, the nanopar-
ticle showed maximum degradation percentage of 11.1% in 5 hours.
The nanoparticle has very much less activity or no activity against
rhodamine B. This study shows that the photocatalytic activity of the
nanoparticle is limited. The nanoparticle does not degrade all dyes. The
nanoparticle has the ability to degrade only simple dyes like methylene
blue, which has the formula C;;H,;CIN;S. Complex dyes like rhodamine
B, which is having a formula of C,3H;,CIN,0;, cannot be degraded. The
degradation of dyes depends upon the number of carbon atoms that the
dye has. Lesser the number of carbons, the dye can be easily degraded
by Fe nanoparticle. However, if the number of carbons in the atoms is
more, the dye cannot be degraded by the nanoparticle. The photocata-
lytic activity of the Fe nanoparticle is limited, and it depends on the
number of carbon atoms that the dye molecule has the colour reduction
of rhodamine B dye in the time span of 5 hours.
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C,—Dye solution + 5 mg nanoparticle (dark incubation);
C,—Dye solution (sunlight incubation);
T,—Dye solution + 5 mg nanoparticle (sunlight incubation);
T,—Dye solution + 10 mg nanoparticle (sunlight incubation);
T;—Dye solution + 15 mg nanoparticle (sunlight incubation).
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Fig. 12. The graph showing the photocatalytic activity of the chemically
synthesized Fe nanoparticle on rhodamine B dye.

3.4.2. Chemically synthesized Fe nanoparticle

The photocatalytic activity of chemically synthesized nanoparticle
sample 21 represents the activity of nanoparticles for methylene blue
dye and 24 represents activity of nanoparticle for rhodamine B dye.

3.4.2.1. Methylene blue

Figure 12 shows the photocatalytic activity of nanoparticle for meth-
ylene blue dye. There are three curves representing three different
conditions. The first curve C, (control 1) represents dye solution along
with 5 mg of nanoparticle kept in dark condition. The second curve C,
(control 2) represents dye solution alone kept in direct sunlight. The
third curve T (test) represents dye solution along with 5 mg nanoparti-
cle kept in direct sunlight. The absorbance of the solutions was read at
620 nm for every hour. The colour of the methylene blue dye at 0" hour
and at 5" hour.

From this Figure, the test sample gave maximum degradation per-
centage of 81% in 5 hours, and it increases linearly every hour. In the
same time, C; and C, have a degradation percentage of 40.4% and
14.2%, respectively. It is clear that the nanoparticle has a degradation
activity against methylene blue dye solution, and its activity or the de-
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grading capability is enhanced by sunlight. The sunlight activates the
nanoparticle and enhances its degrading ability. Therefore, chemically
synthesized nanoparticle has a degrading activity of 81% in 5 hours
against methylene blue dye. The colour reduction of methylene blue
dye in the time span of 5 hours. Studies of Khedr et al. (2016) in photo-
catalytic activity of Fe nanoparticles on crystal violet dye obtained a
degradation efficiency of 86.6% .

3.4.2.2. Rhodamine B

The photocatalytic activity of the nanoparticle against rhodamine B
dye. There are five curves in the graph. The curve C, (control 1) repre-
sents dye solution along with 5 mg of nanoparticle kept in dark condi-
tion. The curve C, (control 2) represents dye solution alone kept in di-
rect sunlight. The curves T4, T,, T; represent the dye solution along
with 5 mg, 10 mg, 15 mg of nanoparticle, respectively, kept in direct
sunlight. The readings were taken at 540 nm in a colorimeter for every
hour. The images 22 and 23 show the colour of the rhodamine B dye at
0™ hour and at 5" hour.

From this Figure, it is evident that the nanoparticle has very lesser
activity for rhodamine B than that for methylene blue. Even when the
concentration of nanoparticle is increased up to 3 times, the nanopar-
ticle showed maximum degradation percentage of 9.2% in 5 hours. The
nanoparticle has very much less activity against rhodamine B. The Fe
nanoparticle has a greater degrading efficiency for simple dyes like
methylene blue, and it has much lesser activity or no activity for com-
plex dyes like rhodamine B even when the concentration of nanoparti-
cles is increased three fold. Thus, the photocatalytic activity of Fe na-
noparticles is limited and is dependent on how simpler the dye molecule
is. The more complex the dye molecule lesser will be the degradation
efficiency.

4. CONCLUSION

Fe nanoparticles are synthesized biologically using plant extract as re-
ducing agent and chemically using sodium borohydride as reducing
agent. The nanoparticles are characterized using various studies. The
sizes of nanoparticles are determined using FESEM analysis that ren-
dered 36 nm for biologically synthesized nanoparticle and 24 nm for
chemically synthesized nanoparticle. The photocatalytic activity of Fe
nanoparticles are studied using methylene blue and rhodamine B dyes.
The nanoparticles are able to degrade simple dyes like methylene blue
easily in presence of sunlight. However, the Fe nanoparticles are not
able to degrade complex dyes like rhodamine B whatever may be the



584 R.THYAGARAJAN, S. PRADEEP KUMAR, V. RAMESH KUMAR et al.

concentration and incubation time. Therefore, the photocatalytic ac-
tivity of Fe nanoparticles is limited, and it depends on the complexity
of the dye being degraded.
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