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a b s t r a c t 

The present work described a simple, green, and fast approach for the synthesis of silver nanoparticles 

using an aqueous fruit extract of Alstonia scholaris (AS-AgNPs). The role of plant extract was identified as 

both reducing as well as capping agent in the synthesis of AS-AgNPs. The formation of AS-AgNPs was 

confirmed through the visible color change from pale yellow to brown and the respective surface plas- 

mon resonance (SPR) peak observed at 426 nm in the UV-Visible (UV-Vis) spectrum. Further, the synthe- 

sized AS-AgNPs were characterized using X-ray diffraction (XRD), Fourier transform infrared spectroscopy 

(FT-IR), Scanning electron microscopy with Energy dispersive spectrum (SEM with EDS), High resolution 

transmission electron microscopy (HR-TEM), and Dynamic light scattering (DLS) with Zeta potential. The 

DLS derived average particle size and poly dispersion index (PDI) of AS-AgNPs are about 50 nm and 0.664 

with Zeta potential of -22.4 mV, suggested the presence of mono and polydispersive AS-AgNPs with good 

stability. The synthesized AS-AgNPs were mainly distributed (56 %) as a quasi-spherical shape with size 

ranges from 5 to 50 nm revealed by SEM and TEM images. Moreover, the catalytic reduction of methylene 

blue (MB) by AS-AgNPs has been accessed via time-dependent UV-Vis spectroscopy. The UV-Vis results 

suggested that AS-AgNPs show enhanced catalytic activity on the reduction of MB by aqueous sodium 

borohydride with pseudo first-order kinetics and the calculated rate constant was about 0.7 × 10 −3 s −1 . 

Overall, the green synthesized AS-AgNPs have a great catalytic potential in the degradation of MB in 

water. 

© 2021 Elsevier B.V. All rights reserved. 

1

e

n

N

c

a

c

m  

c  

t

c

A

s

t

d

f

a

v

o

c

d

s

o

s

a

A

p

r

h

0

. Introduction 

In recent decades the application of metal nanoparticles is vast 

specially in the field of catalysis, biosensors, medicines, biotech- 

ology, and agriculture [1–5] . Particularly, silver nanoparticles (Ag- 

Ps) are desired as a better candidate for environmental appli- 

ations such as catalytic dye degradation, antibacterial activity, 

nd optical sensors owing to their size and shape-dependent opti- 

al, chemical, and electronic properties. Hence, the researchers are 

ainly focused on the bulk production of AgNPs [ 6 , 7 ]. The chemi-

al reduction of Ag + is one of the simplest ways for the bulk syn-

hesis of colloidal AgNPs. This method has several advantages in- 

luding easy, fast, and facile fabrication of different dimensions of 

gNPs, thereby controlling the physical/chemical properties of re- 

ultant materials. Generally, the colloidal AgNPs are synthesized by 
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he addition of external reducing and capping agents [8–11] . Re- 

uction of silver ions using environmentally benign plant extracts, 

ruit juices, biopolymers, bacteria, and biomass wastes are proved 

s a better alternative to the commercial reducing/capping agents 

iz ., sodium borohydride, ethylene glycol, and hydrazine in terms 

f environmental and economic aspects [12–14] . The major phyto- 

onstituents present in the bio-sources are responsible for the re- 

uction and protection of synthesized AgNPs. Alstonia scholaris ( A. 

cholaris ) is known as a devil/blackboard tree and a family member 

f Apocynaceae, native to Asia [15] . Almost all the plant parts of A. 

cholaris have been consumed for the treatment of diarrhea, fever, 

nd ulcers in ancient Siddha and Ayurveda systems. The fruits of 

. scholaris ( Fig. 1 ) are very lengthy and mainly contain monoter- 

enoid indole alkaloids and aldehydes which could act as a good 

educing agent [16–17] . 

Water pollution is a serious environmental problem throughout 

he globe, which occurs mainly due to the discharging of untreated 

ye effluents from textile industries [18–19] . The accumulation of 

ntreated dye effluents in water bodies can cause serious health 
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Fig. 1. Photographic image of A. scholaris fruit. 
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ssues to human beings and all living things due to the high chem- 

cal oxygen demand. Methylene blue (MB) is one of the important 

ationic dyes mainly used for the dyeing process in textile indus- 

ries [20] . Due to the high water solubility, MB is present in the 

ye effluents of textile industries. Thus the reduction/degradation, 

emoval, and decolorization of MB are scientifically important in 

erms of environmental concern. The AgNPs assisted catalytic re- 

uction of MB by aqueous sodium borohydride is one of the simple 

nd cost-effective approaches than other existing methods [21–23] . 

This present work describes a simple, facile, and green synthe- 

is of AgNPs using an aqueous extract of A. scholaris fruit, which 

s termed as AS-AgNPs. The formation of AS-AgNPs is monitored 

y a visible color change and UV-Vis spectroscopy. Moreover, the 

ynthesized AS-AgNPs are characterized using common analytical 

ethods. Further, the AS-AgNPs have been utilized as a catalyst for 

he reduction of MB using aqueous NaBH 4 and the corresponding 

eaction kinetics is also studied by UV-Vis spectroscopy. 

. Materials and methods 

.1. Materials 

A. scholaris fruits were obtained from Virudhunagar area of 

amil Nadu, India in January 2020. The silver nitrate (purity of 99 
Fig. 2. a) UV-Vis spectra of A. scholaris fruit extract and synthesized AS-AgNPs (5 mL);

2 
), NaBH 4, and MB were purchased from Sigma Aldrich, India, and 

sed without further purification. The Millipore water was con- 

umed for the preparation of A. scholaris fruit extract and standard 

olutions throughout the experiment. 

.2. Preparation of A. scholaris fruit extract 

The procured A.scholaris fruit was rinsed with Millipore water 

nd chopped into small pieces. 20 g of cleaned fruit was mixed 

ith 100 mL of Millipore water and heated to 80 °C for 30 min. 

he resultant extract was cooled to room temperature and filtered 

sing Whatmann No. 1 paper, the filtrate was further used for the 

ynthesis of AgNPs. 

.3. Synthesis of AS-AgNPs 

For the synthesis of AS-AgNPs, 1, 2, 3, 4, and 5 mL of A.scholaris 

ruit extract was mixed with 99, 98, 97, 96, and 95 mL of 0.01 

 AgNO 3 , respectively. After the addition of the extracts, the in- 

tant color change was noticed from pale yellow to slightly brown, 

hich indicated the formation of AgNPs. Further, the solutions 

ere allowed to 6 h at room temperature for the total reduction 

f Ag + ions. The synthesized AS-AgNPs were further characterized 

nd utilized as a catalyst. 

.4. Characterization of AS-AgNPs 

The formation of AS-AgNPs and catalytic degradation exper- 

ments were monitored using Shimadzu UV-1800 model UV-Vis 

pectrophotometer. The responsible functional groups for the re- 

uction and protection of AS-AgNPs were studied using IRAffinity- 

S Fourier Transform Infrared Spectrophotometer. The phase and 

rystallinity of AS-AgNPs were opened by Bruker D8 Advance X- 

ay diffractometer. The average particle size and zeta potential of 

ynthesized AS-AgNPs were tested through Nanotrac Wave particle 

ize Zeta potential analyzer. The surface morphologies of AS-AgNPs 

ere examined by VEGA3-TESCAN scanning electron microscopy 

oupled with Energy Dispersive X-ray Spectrometer (EDS- Bruker, 

ano GMBH X’ Flash Detector, 5010 model, Germany). The shape 

nd structure of AS-AgNPs were studied by FEI-Tecnai, G2 20 Twin 

igh-resolution transmission electron microscopy. 
 b) Effect of concentration of A. scholaris fruit extract on synthesis of AS-AgNPs. 
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Fig. 3. FT-IR spectrum of synthesized AS-AgNPs. 

Fig. 4. XRD pattern of synthesized AS-AgNPs. 
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.5. Catalytic degradation of MB 

The catalytic degradation efficiency of AS-AgNPs was tested 

gainst MB dye using NaBH 4 as a reducing agent. The degrada- 

ion experiment was carried out in a standard UV quartzcell cu- 

ette (path length = 1 cm and volume capacity = 4 mL), where 

 mL (100 μM) of MB, 0.95vmL (100 mM) of NaBH 4 aqueous so- 

ution were mixed with 0.05 mL of AS-AgNPs. The reduction reac- 

ion was monitored by measuring the time-dependent absorbance 

f MB using a UV-Vis spectrophotometer. 
3 
. Results and discussion 

.1. UV–Vis spectroscopy 

The formation of AS-AgNPs is visually confirmed through the 

olor change of the solution from pale yellow to dark brown due to 

he interaction of conduction band electrons and the electromag- 

etic radiation commonly known as surface plasmon resonance 

SPR) [24] . The respective SPR absorption peak can be easily rec- 

gnized by UV-Vis spectroscopy, therefore this technique is one of 
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Fig. 5. a) DLS size distribution of AS-AgNPs; b) Zeta potential spectrum of synthesized AS-AgNPs. 

Fig. 6. (a-c) SEM with EDS spectrum of synthesized AS-AgNPs. 
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he valuable tools for the characterization of AgNPs. Fig. 2 (a, b) 

hows the UV-Vis spectra of silver precursor (AgNO 3 ), A. scholaris 

ruit extract and its AS-AgNPs synthesized using different concen- 

rations of A. scholaris fruit extract. The Ag + ions display a strong 

bsorbance peak at 264 nm in the UV region. Though the A. schol- 

ris fruit extract shows two broad humps around 260 and 350 

m, respective to the π–π ∗ and n–π ∗ transition of alkaloidal con- 

tituents present in the fruit. In contrast, the synthesized AS-AgNPs 
4 
how a clear and sharp SPR peak at 426 nm with a small hump at

50 nm, which suggest that AS-AgNPs are highly stable and pro- 

ected by the phytoconstituents from aggregation [25] . It is noted 

hat the absorbance intensity of AS-AgNPs is gradually increased 

hile increasing the concentration of A. scholaris fruit which re- 

ealed that the formation rate of AS-AgNPs is higher at 5 mL of 

xtract. Thus, the AS-AgNPs synthesized by 5 mL of the extract has 

een used for further characterization and application. 
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Fig. 7. (a-d) HR-TEM images and SAED pattern of AS-AgNPs. 
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.2. FT-IR spectroscopy 

The FT-IR spectroscopy is used to identify the responsible func- 

ional groups in the formation and protection of AS-AgNPs. The 

ajor phytochemicals present in the A.scholaris fruit are monoter- 

enoid indole alkaloids and aldehydes. Fig. 3 displays the FT-IR 

pectrum of dried AS-AgNPs, which shows a major band at 3419 

m 

−1 derived from the stretching vibrations of the N–H group 

resent in the alkaloids. The asymmetric vibration of the methy- 

ene group is observed at 2914 cm 

−1 . The sharp absorption bands 

t 1578, 1385, and 1071 cm 

−1 correspond to N–H bending, C–N 

tretching and C–O stretching vibrations, respectively, which are 

ttributed to the alkaloidal and carbonyl functionalities present in 

he extract. The small band at 695 cm 

−1 is attributed to the bend- 

ng vibrations of –C–H groups [ 26–28 ]. As a result, the FT-IR spec-

rum of AS-AgNPs strongly propose that the phytoconstituents of 

.scholaris fruit are mainly involved in the reduction of Ag + ions 

nd protection of AgNPs. 

.3. XRD 

The crystal structure and crystallite size of AS-AgNPs are ac- 

essed through the XRD analysis. Fig. 4 represents the XRD pat- 

ern of AS-AgNPs. The sharp XRD peaks demonstrate a crystalline 
5 
haracter of AS-AgNPs. Further, the XRD of AS-AgNPs shows four 

ajor diffraction peaks of the scattered 2 θ angles at 38.2, 44.4, 

4.7, and 77.4, which correspond to (111), (200), (220), and (311) 

attice planes of the face-centered cubic structure of crystalline Ag- 

Ps [ 29–32 ]. The obtained pattern has highly resembled the crys- 

alline silver and JCPDS file No. 087-0717 [ 33 –34 ]. The crystallite 

ize of AS-AgNPs is calculated to be 17 nm using Debye–Scherrer’s 

quation, which is in good agreement with the HR-TEM results. 

.4. DLS and Zeta potential analysis 

The investigation of scattered light obtained from the interac- 

ion of monochromatic light with AgNPs gives information related 

o particle size and dispersive nature. The DLS size distribution 

nd zeta potential spectra of AS-AgNPs are presented in Fig. 5 (a, 

). The calculated average particle size and poly dispersion index 

PDI) of AS-AgNPs are about 50 nm and 0.664, respectively. The 

DI value of AS-AgNPs falls in the range between 0 and 1, reveal- 

ng the good stability of AS-AgNPs with mixed (mono and poly) 

ispersive nature [35–36] . Further, the obtained zeta potential of 

S-AgNPs is -22.4 mV, suggested good stability [37] . The negative 

eta potential of AS-AgNPs is mainly attributed to the capping of 

ctive phytoconstituents of A.scholaris fruit extract. 
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Fig. 8. a) UV-Vis spectra for the degradation of MB using NaBH 4 and AS-AgNPs; b) Pseudo first order kinetic plot for the degradation of MB. 
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.5. SEM with EDS and HR-TEM analysis 

Fig. 6 (a-c) depicts the SEM images with EDS spectrum of AS- 

gNPs. The SEM images shows cluster-like spherical morphology 

f AS-AgNPs. Further, the EDS spectrum shows major peaks that 

ppeared at 2.62, 2.93, 3.15 and 3.31 keV which are derived from 

l (K α), Ag (L α), Ag (L β) and K (K α) elements present in the

S-AgNPs, where Cl and K elements may be originate from the 

lant pytoconstituents. The HR-TEM images and SAED pattern of 

S-AgNPs are shown in Fig. 7 (a-d). It is noticed that the AS-AgNPs 

re mainly distributed as a quasi-spherical shape with sizes rang- 

ng from 5 to 50 nm. In addition to that, some polyhedron shaped 

gNPs could also be seen in the images. Based on the TEM im- 

ges, the calculated percentages of quasi-spherical and polyhedron 

haped AgNPs are as 56 and 44 %, respectively. Further, the pres- 

nce of white dots in the SAED pattern of AS-AgNPs reveals the 

rystalline nature, which is mainly distributed in the (111) plane. 

ll the results suggested that formation and good stability of syn- 

hesized AS-AgNPs. The major phytoconstituents present in the A. 

cholaris are monoterpenoid indole alkaloids and aldehydes, which 

re responsible for the reduction and protection of Ag + and Ag- 

Ps. The formation and aggregation properties of AgNPs are mainly 

onnected to the structural and electronic properties of phytocon- 

tituents, hence the large size distribution of AS-AgNPs may be at- 

ributed to the availability and involvement of various phytochem- 

cals present in the A. scholaris fruit extract [38] . 

.6. Catalytic degradation of MB 

To show the practical application, the catalytic activity of AS- 

gNPs is examined towards the degradation of MB by aqueous 

aBH 4 using UV-Vis spectroscopy. MB is strongly absorbed at 664 

m in the visible region and yields deep blue color with the ad- 

ition of aqueous NaBH 4 . The reduction reaction of MB does not 

ommence after the addition of NaBH 4 , identified from the con- 

tant absorbance of MB. The reduction reaction begins after the ad- 

ition of AS-AgNPs, which suggests that the synthesized AS-AgNPs 

ct as a catalyst in the MB degradation. The time-dependent UV- 

is spectra of MB reduction are depicted in Fig. 8 a. It is obvious

hat the absorbance intensity of MB gradually degrades and com- 

letes at 27 min with the brisk effervescence of H 2 gas. The calcu- 

ated % degradation of MB is about 97 %. Further, the degradation 

inetics of MB by NaBH 4 in the presence of AS-AgNPs is studied 

y pseudo first-order kinetics, the corresponding rate constant has 
6 
een calculated using the following Eq. (1) 

n 

[
At 

A0 

]
= −kt (1) 

here A 0 is the initial absorbance intensity of MB, A t is the ab- 

orbance intensity of MB at a time t and k is the rate constant [39] .

ig. 8 b shows the pseudo first-order kinetics plot for the degrada- 

ion of MB by aqueous NaBH 4 catalytically assisted by AS-AgNPs. 

t is noticed that time and ln(A t /A 0 ) are linearly correlated and the 

esultant linearity coefficient value (R 

2 ) is 0.9592 with a rate con- 

tant of 0.7 × 10 −3 s −1 . The obtained rate constant value is com- 

aratively higher than that of other catalysts reported in the litera- 

ure [40–43] . The reductive degradation of MB can be explained by 

angmuir-Hinshelwood (L-H) model proposed by many researchers 

44] . According to the L-H model, NaBH 4 acts as an electron donor 

nd hydrogen producer. After the addition of AS-AgNPs, concomi- 

ant adsorption of BH 4 
− ions and MB occurred on the catalytic sur- 

ace. Further, AS-AgNPs enable the degradation by acting electron 

ransfer mediator between BH 4 
− ions and MB, which leads to the 

otential degradation of MB. 

. Conclusion 

This paper describes a simple, economic and eco-friendly ap- 

roach for the synthesis of AgNPs using aqueous fruit extract of 

. scholaris . The synthesized AS-AgNPs are absorbed at 426 nm in 

he visible region and looking brown color. The FT-IR of AS-AgNPs 

uggest that alkaloidal phytoconstituents of A. scholaris served as 

educing and capping agents. The AS-AgNPs are crystalline with 

cc geometrical arrangement, revealed by XRD. The size ranges of 

S-AgNPs are calculated as 5 to 50 nm identified from the results 

f DLS and SEM. The negative Zeta potential value of AS-AgNPs 

-22.4 mV) revealed their good stability. The shape of the AS- 

gNPs is mainly quasi-spherical (56 %), which is exposed by HR- 

EM images. Further, UV-Vis degradation results confirm the en- 

anced catalytic activity of AS-AgNPs on the degradation of MB by 

aBH 4 and the calculated degradation rate constant is 0.7 × 10 −3 

 

−1 . Thus, the green synthesized AS-AgNPs can be used as a cata- 

yst for the degradation of toxic dyes. 
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