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ABSTRACT

Manufacturing and use of synthetic dyes for fabric dyeing has become a massive industry. However their toxic
nature has become a cause of concern. The dye industries release high content color effluents that are toxic and
resistant to degradation by conventional methods. Accumulation of these dyes in water causes eutrophication
reduces reoxygenation capacity and damage to the aquatic organisms by hindering the infiltration of sunlight. Here
we report a green method for synthesis of silver nanoparticles using the leaf extract of Neem. The biosynthesized
nanoparticles are characterized by UV-vis spectroscopy, XRD, TEM and FTIR. The AgNPs were used to degrade
Methyl violet dye in the presence of sunlight. UV-visible spectra showed the maximum absorbance at 420 nm due to
the excitation of surface plasmon vibrations in the AgNPs. FTIR spectrum exhibited the characteristic band at 500
cm* which is characteristic to the AgNPs. The XRD spectrum showed four different diffraction peaks corresponding
to the face centered cubic (FCC) silver lines. TEM study revealed spherical AgNPs with the size range of 7-22 nm.
The results of this study show the successful photodegradation of Methyl violet dye where 97% dye is degraded after
50 hours treatment.
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INTRODUCTION

Industrial development leads to the disposal ohrgd number of toxic pollutants. Pollutants of ddgd are

degrading to the environment and hazardous to humeaith. It is difficult to degrade the pollutaritg natural

means. Dyes of all kind, be it textile dyes or otinelustrial dyes constitute the largest grouptedricals produced
worldwide. Organic dyes are one of the major groofppollutants widely used. The hazardous effeftsrganic

dyes in wastewater have been a major concern. filyerts discharged in water bodies contaminateewand the
surrounding environment. Aquatic life and the b@tal processes in river get affected due to thistamination.

Hence, removal of dyes from industrial effluents l@agreat significance in connection with environtak and

human health safety.

During the past decade, many methods were invéstigior the degradation of dye pollutants with eliént

methods like photo catalytic degradation [1,2],daxive processes [3], biodegradations [4,5] etd.tBese methods
are time consuming and require specific conditidree superiority of photocatalytic degradation anaparticles
in wastewater treatment is due to reasons likekgoi@dation, no formation of polycyclic productschaxidation of

pollutants. It is an effective and rapid techniguéhe removal of pollutants from wastewater [6].
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Synthesis of metal nanopatrticles, their characd#om and applications in many fields have becomémgportant
trend in science. Nanoparticles have unique chdpeéectronic, magnetic and optical properties tluéheir small
size and high surface area [7,8,9]. Nanopartickesefound uses in various fields such as catalgsisy delivery
system, optoelectronics, magnetic devices etcekample, metal nanoparticles show presence ofgbeorbance
band in the visible region due to specific optipadperties, which are not found for bulk metalsisTébsorbance
band arises due to plasmon oscillation modes ofiection electrons [10]. Due to this plasmon bandicap
properties of metal particles, particularly of gokllver and copper nanoparticles, have receivedsiderable
attention [11]. Secondly, because of their largefaxe area to volume ratio and size dependentivéganetal
nanoparticles are found to be promising adsorbemdscatalysts. Silver nanoparticles have shown engaatalyst
activity for various important reactions [12].

In the present investigation silver nanoparticleswhosen to study its catalytic properties in preseof an anionic
dye. Methyl violet dye is used extensively in tkxtindustries and was chosen as a model compound fo
photodegradation experiments. UV-visible and FTHlgsis of dye degradation directs the surface ¢$teynand
drives the mechanistic pathway of degradation.

Nanoparticle synthesis by biological sources hanlgaining great interest as they are environmémdly, non-
toxic and time efficient [13]. Phytochemicals amgpibrtant natural resource as they are amazing ireglagents for
the phytosynthesis of metal nanoparticles. They praportant roles in both stabilization and redoistiof
nanoparticles. The focus of the present work iadply the accurate principles of green chemistryttie synthesis
of silver nanoparticles using leaf extractsAahdirachta indica as a stand-alone reducing and capping adeatf
extracts of Azadirachta indica (commonly known as neem) a species of family Mel&rc was used for
bioconversion of silver ions to silver nanoparticl@his plant is commonly available in India andhepart of this
tree has been used as an age old remedy agaiimisshuman ailments [14].

MATERIALSAND METHODS

Typically, a plant extract-mediated bioreductiondives mixing the aqueous extract with an aqueolgisn of the
appropriate metal salt. The synthesis of nanoparticcurs at room temperature and completes wighifiew
minutes.

Preparation of plant extract

A. indica leaf extract was used to prepare silver nanopestion the basis of cost effectiveness, ease dibilay
and its medicinal property. Fresh leavesAaddirachta indica were collected from the Botanical garden of Vashi
area, Navi Mumbai in the month of November, 201Beyrwere surface cleaned with running tap wateetoove
debris and other contaminated organic contentdpweld by double distilled water and air dried abmo
temperature. Then plant extract was prepared bijngalOgm of fresh neem leaves in 100ml distilledtev. The
solution was boiled for 20 min and then filteredhgsWhatman filter paper no. 1 to remove the paléite matter.
The final supernatant was used for the reducticsileér ions (Ad) to silver nanoparticles (Al

Green synthesis of silver nanoparticles

Silver nitrate GR was purchased from Merck, Ind@.mM AgNG; solution was prepared by dissolving 169 mg of
AgNO; in 100 ml distilled water, it was mixed property abtain clear solution. In the experimental fl&€kml of
leaf extract and 50 ml of 10 mM AgNGQolution was taken. Make the final volume to 500vith distilled water.
Mixed it well and expose the flask to sunlight bitiate the synthesis of nanoparticles. This setap exposed to
sunlight along with a negative control setup. Réiducof Ag” to Ag’was confirmed by the color change of solution
from colorless to brown. Its formation was alsofommed by using UV-visible spectroscopy.

Characterization of synthesized silver nanoparticles

The optical property of AQNPs was determined by U¥-spectrophotometer (Model- Shimadzu UV 1800xeAf
the addition of AQN@ to the plant extract, the spectra were taken fitrdint time intervals up to 6hrs between
350nm to 500nm. Crystalline nature of the nanogplagiwas analyzed by XRD afl 2liffraction angle ranges from
20° to 80°. The XRD studies were conducted usingaRi mini flex bench top X-ray spectrophotometeil hé
Institute of Science, Mumbai. The chemical compositof the synthesized silver nanoparticles waslistll by
using FTIR spectrometer (Perkin-Elmer LS-55- Lursitence spectrometer). The solutions were drie&°at and
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the dried powders were characterized in the rafi§®-4400 cm-using KBr pellet method. The particle size and
surface morphology was analyzed using Transmis@tecttron microscopy (TEM). TEM sample of the
phytofabricated AgNPs was prepared by sonicatiegstimple in a sonicator (Vibronics VS 80) for 1smtés. The
sonicated sample was then loaded on a copper gddaiowed to dry in vacuum. TEM observations were
performed on transmission electron microscope (FPBLmModel CM 200) operated at an accelerating geltaf
200 kV with the resolution of 0.22nm at the Sopbé&ted Analytical Instrument Facility (SAIF), Indidnstitute of
Technology, Powai, Mumbai.

Photocatalyic Degradation of Dye

Typically 10mg of methyl violet dye was added td01@l of double distilled water and used as stodkitsm.
About 10 mg of biosynthesized silver nanopartieles added to 100ml of methyl violet dye solutioncdhtrol was
also maintained without addition of silver nanojues. Before exposing to sunlight/irradiation, thesaction
suspension was well mixed by being magneticallyeddi for 30min to clearly make the equilibrium bétworking
solution. Afterwards, the dispersion was put urttier sunlight and monitored from morning to eversogset. At
specific time intervals, aliquots of 2-3ml suspensiwere filtered and used to evaluate the photbtmta
degradation of dye. The absorbance spectrum ofstigernatant was subsequently measured using UV-Vis
spectrophotometer at 590nm wavelength. Concentrafialye during degradation was calculated by tisebance
value at 590 nm.

Percentage of dye degradation was estimated biplibeving formula:

% Decolorization = 100 x(g— C),
Co

Where(yis the initial concentration of dye solution afids the concentration of dye solution after photalysic
degradation.

RESULTSAND DISCUSSION

Visual observation

Initially, while adding the leaf extract dfzadirachta indica to the silver salt solution, the color of the sin
turned into brown which indicates the formatiorséffer nanoparticles [15]. It is evident from Fig-that the plant
extract is pale yellow in color. However, the bedtlcontaining mixture of the leaf broth with 10mMMO;
solution turned brown-black in color within a fewnates indicating the formation of silver nanopads (Fig-1b).
The formation of color occurred due to the exaitatof surface Plasmon resonance of the silver reatiofes [16].
The result obtained in this investigation is venteresting in terms of identification of potentiplants for
synthesizing the silver nanoparticles [17]. SinijlaiGovindarajuet al., observed the color change to brownish
yellow while synthesizing silver nanopatrticles wggthe leaf extract ofolanum torvum[18]. Rao and Savithramma
also reported that th®8vensonia hyderabadensis solution of the silver ion complex started to charige color from
yellow to dark brown due to the reduction of sihiens [19]. Chenet al., reported the intensity of the color
development in the reaction mixture of differeriib such as iklelianthus annuus, Basella alba and Saccharum
officinarum[20].
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Fig. 1: a- Azadirachta indica leaf broth, b- Silver nanoparticle formation

UV-Vis Spectrophotometer Analysis

UV-Vis spectroscopy is one of the important and @émways to confirm the formation of nanoparticld$e
shifting of absorption peak towards higher energywelength indicates decrease in the size of natiolgsr and
vice versa. Reduction of silver ions into silvemaparticles during exposure to plant extract waseoked as a
result of the color change. After addition Afadirachta indica leaf extract to the aqueous solution of AgNG
10mM concentration, the mixture showed a gradualngke in color in the presence of sunlight with tifrem
yellowish to dark brown-black and the color intdiesi within 24 hours. The sharp bands of silver oparticles
were observed around 420 nm (Fig-2). Appearandaisfpeak, assigned to a Surface Plasmon Resori&ifée)
band, is well-documented for various metal nanagiag with different size range [21]. The positiand shape of
SPR band is dependent on the nature of the typiheofmaterial, size, geometry and the filling factdrthe
nanoparticle arrays, as well as the refractive xnofethe underlying media. The particle geometry distribution
are modified by the surface conditions providedhzydielectric layer and change in the refracthdei altering the
resonance position [22].
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Fig. 2: The absor bance spectrum of synthesized AgNPs showing maximum absor bance at 420nm
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X-Ray diffraction Analysis

The Azadirachta indica leaf extract-mediated synthesized Ag nanoparti@e @onfirmed by the characteristic peaks
observed in the XRD image which is shown in FigAB. diffraction peaks correspond to the characterigace
centered cubic (FCC) silver lines. The XRD pattefrpowder sample of phytofabricated SNPs exhibiedks at
38°, 44°, 64° and 77°,82values that indexes the (111), (200), (220) arid Y3acets of silver, respectively. The
XRD curve confirmed that the nanoparticles are imgtlbut silver. The silver nanoparticles showedtthe peaks of
silver at ® = 38° and 44° that can be assigned to the (11d)(200) facets of silver, respectively, which goye
well with the values manipulated for face centeredic structure of silver nano-crystals (accordimdCPDS: File
No. 04-0783).

500 = (111)

400 -

300

200

Intensity counts

Fig. 3: XRD spectra of silver nanoparticlesin A. indica

TEM Analysis

The TEM images of leaf mediated synthesized AgNfes mesented in Fig-4a, which gives clear indicetio
regarding structure, shape and particle size Uigion. From the images, it can be seen that thicles are
covered with extract it may be the phytoconstitaeitextract. TEM analysis infers the diameterhef tnetallic core
of the nanoparticles as well as the shell arounthisome cases the shell may not be seen bechedeydrate
polymer shell gets collapsed in the high vacuum.iMdormation about the state of agglomeration itamted by
electron microscopy because agglomeration mayadsor during the drying process. TEM analysis aftegsized
AgNPs revealed the synthesis of monodispersed isph&gNPs with the size distribution in the rarafe/-22 nm.
Selected area electron diffraction (SAED) patteltamed from AgNPKig-4b) showed the diffraction rings from
inner to outer associated with the [111, 200, 2Zd,] atomic planes of Ag indicating the formatidncoystalline
silver nanoparticlesA comparative analysis of the size, shape and kimdtal shell around the AgNPs determined
by TEM can be seen in the figure below (Fig-4a).
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Fig. 4: TEM images of Silver nanoparticles (a) 200nm and (b) SAED of AgNPsin A. indica

FTIR Analysis

The functional groups present on the surface ofAheranoparticles were identified by FTIR analySike FTIR
spectrum of silver nanoparticles (Fig-5) showedhhad at 3305.27 cincorresponds to O-H stretching H-bonded
alcohols and phenols. The peak found around 161&n¥7showed a stretch for C-H bond, peak around 1408.15
cm® showed the bond stretch for N-H. The intense bad2924.3 and 2860.6 ¢h{C-O stretch, free), 1127.59
cm ™ (C=C stretch) and 830.53 ¢h{C-F strong stretch). Whereas, the vibration stréoc AgNPs was found at 500
cm®. Therefore, the synthesized nanoparticles wereosnded by proteins and metabolites such as teigeno
having functional groups. The presences of IR baundgest the phenolics, alkaloids and terpenoidsragd on the
surface of AgNPs. From the analysis of FTIR studiesconfirmed that the carbonyl groups from theramacid
residues and proteins has the stronger abilityrtd metal indicating that the proteins could polgsform the metal
nanoparticles (i.e. capping of silver nanopartictesprevent agglomeration and thereby stabilizerttedium. This
suggests that the biological molecules could pdsgiérform dual functions of formation and stakaliion of silver
nanoparticles in the aqueous medium. The possiklghanism for the reduction of Atp AgNPs is that phenolic
OH groups present in hydrolysable tannins can forrarmediate complexes with Agons which consequently
undergo oxidation to quinone forms with subsequedtiction of Ag to Ag nanoparticles [23].
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Fig. 5: FTIR spectra of silver nanoparticles synthesized using Azadirachta indica leaf extract

Photocatalytic Degradation of Dye
Visual Observation

Photocatalytic degradation of methyl violet wasriegk out using green synthesized silver nanopeasiander solar
light. Dye degradation was initially identified loplor change. Initially, the color of dye shows plegolet color,

after exposure to sunlight the color changed totliue after 1 hour of incubation with silver naadicles (Fig-6).
Subsequently light blue was changed to faint vidtetally, the degradation process was complete®dir and was
identified by the change of reaction mixture froiolet color to almost colorless.

Fig. 6: Visual observation of color change indicating dye degr adation
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Kinetic experiments

Photocatalytic activity of silver nanoparticles degradation of dye was demonstrated using the dgteyinviolet.

The degradation of methyl violet was carried outhe presence of silver nanoparticles at diffetene in the

visible region. The absorption spectrum showeddbereased peaks for methyl violet at different timtervals.

Initially, the absorption peaks at 590 nm for métviplet dye were decreased gradually with the éase of the
exposure time and that indicates the photocatatiggradation reaction of methyl violet. The abdorpipeak of
methyl violet dye was decreased. The completiothefphotocatalytic degradation of the dyes is kndnem the

gradual decrease of the absorbance value of dyeaqipng the base line. The percentage of degmdafficiency
of silver nanoparticles was calculated as 97.09%04t (Table-1). The degradation percentage wasased as
increasing the exposure time of dye silver nanagast complex in sunlight (Fig-7). Absorption pefak methyl

violet dye was centered at 590 nm in visible regidmch diminished and finally it disappeared whilereasing the
reaction time, which indicates that the dye hadchimegraded.

Table 1: Methyl violet degradation (%) by synthesized silver nanoparticles (10mg)

Exposure Time (Hours) Amount of degradation of (i
1 29.55
2 42.21
3 46.7(
4 58.83
5 66.49
24 84.69
25 87.59
2€ 89.9%
27 92.3¢
28 94.98
48 96.04
50 97.09
100 ~
90
80
70 A
X
c 60 -
2
® 50 -
o
©
o 40 -
8
30 A
20 A
10 -~
0 -
1 2 3 4 5 24 25 26 27 28 48 50
Exposure Time (hours)

Fig. 7: Percentage of dye degradation by 10mg of synthesized silver nanoparticlesat different functional timeintervals

Infrared spectrometric evaluation for decolorization of dye

The FTIR spectra of control Methyl violet (Fig-8A)isplays a peak at 3749.34 ¢rfor asymmetric O-H stretching
vibrations; peak at 3335.10 chior C-H vibration; peaks at 1,544.29 and 1,431.88"'dor the C = C—H in plane
C-H bend and —Chvibrations, respectively; peak at 1,108.3 for —3add; and a peak at 838.73Crfor the 1, 4
di-substituted (Para) benzene ring. The peak at.882cm* is due to aromatic C=C bond. All these peaks confi
the aromatic nature of the dye. But in Fig-8B theaks between 3700-1650 chindicating aromatic bond and
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phenyl ring substitution band, peak at 1431.93"dndicating methyl group vibrations (-GHis totally absent and
benzene ring at 838.73 chmwas entirely absent. The FTIR spectrum of the atdmfion products formed by
degradation due to AgNPs had displayed entirely peaks (Fig-8B) compared to the initial control di#ég-8A),
which confirms the degradation of Methyl violet.éThew peak at 1632.4 chrorrespond to the N-H stretch and
asymmetrical stretch of nitro compounds (C=N). Amotpeak at 1112.6 chrorresponds to the C-O bond. During
the degradation process, bands of vibrations cteisiic of the carbon-hydrogen bond, the O-H bdhd,sulphate
bond, and nearly all of the aromatic skeletal Jibres decreased and disappeared. Meanwhile, somvelRRe
absorption bands appeared in the region 900-65biedicating a non-aromatic structure of the barfus Thdicates
that silver nanoparticle used in the present erpant in presence of sunlight had resulted in thggatation of the
dye to form new products.

s T Methyl Violet before treatment

0.60
0.55

050 £

0.454 M

A4

\ 1431.93
0.25 \ [-CH3)

N

\ 838.73
{-sln?gii 1,4 di-para
benzene ring

1621.
aromatic (C=C)
0.20
0.18

3963 3500 3000 2500 2000 1500 1000 500 282

0.9
0.8{ B- Methyl Violet after treatment I i

N4 \K 1

|, 2" M‘\ v i I," L
e __.l’ 1'|.
=0 \ 3 \
N 1632.4 L
0.3 g IN-H] '-‘ rey
1400.2 uld \
\
0.2 ]
1112.6 l-*»
c-0 b
0.1 a0 b
850.74
0.0 B
4000 3500 3000 2500 any 2000 1500 1000 500 400

Fig.8- Infrared spectra of Methyl Violet dye beforeand after decolorization studieswith photo-catalyzed AgNPs
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CONCLUSION

Green nanotechnology is gaining importance dueh&dimination of harmful reagents and provideedaife
synthesis of expected products in an economicalneranGreen synthesis of silver nanoparticles showse
compatible, ecofriendly, low cost, and less timenstoning process. Herein, the silver nanoparticlesew
synthesized using plant leaf extract Afadirachta indica. UV-visible spectroscopy confirmed the formatioh o
silver nanoparticles and the absorption maxima tspewas observed at 420 nm. Spherical shape of the
nanoparticles with the size ranges from 7 to 23nas wonfirmed by TEM analysis. Crystalline natureswa
characterized by the X-ray diffraction analysiseTghotocatalytic activity of green synthesizedesilmanoparticles
was evaluated on methyl violet dye. The main alismrpeak at 590 nm of methyl violet dye decreageiually
with the extension of the exposure time indicatthg photocatalytic degradation of methyl violet dgg%
degradation of methyl violet dye was completed imit50 hours. FTIR spectra revealed the photodetjadaf the
methyl violet dye after 24 hours treatment with AN The elimination of peaks of spectra for metirgup and
benzene ring (characterized component) was cleaitient in infrared spectrometric analysis. In pinesent study,

it is found that the use of natural renewable and-féendly reducing agent used for synthesis d¥esi
nanoparticles exhibits excellent photocatalytidwvitgt against dye molecules and can be used in m@aidfication
systems and dye effluent treatment.
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