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ABSTRACT

The synthesis of gold nanoparticles (Au-NPs) is performed by the reduction of aqueous gold metal ions in contact
with the aqueous extract of plant, Bauhinia Purpurea (B.Purpurea). An absorption peak of the gold nanoparticles is
observed at the range of 540-550 nm using UV-visible spectroscopy. All the diffraction peaks at 26 = 38.01°, 44.26°,
64.53°, and 77.49° that index to (100), (37), (29), and (44) planes confirm the successful synthesis of Au-NPs. Mostly
spherical shape particles with size range of 32.96 £5.25 nm are measured using transmission electron microscopy
(TEM). From the FTIR results, the peaks obtained are closely related to phenols, flavonoids, benzophenones, and
anthocyanins which suggest that they may act as the reducing agent. This method isenvironmentally safe without
the usage of synthetic materials which is highly potential in biomedical applications.

KEYWORDS: An absorption peak of the gold nanoparticles is observed at the range of 540-550 nm using UV-

visible spectroscopy.

1. INTRODUCTION

Nanotechnology is technology that deals with nanoscale
materials range from 1 to 100 nm and their applications.
Among different type of nanomaterials, noble metal
nanopaticles gained considerable attention due to their
special catalytic, electronic, and optical properties. Gold
nanoparticles (Au-NPs) have been widely investigated
due to their uniqueness especially in biomedication. The
multiple surface functionality of Au-NPs ease
nanobiological attachment of Au-NPs with drug,
oligonucleotides], antibodies, and protein. The optical
property of Au-NPs also enablesthem to play a role in
bioimaging by acting as marking agent.

Despite the popularity and development of synthesizing
nanoparticles using chemical and physical methods, the
needto establish environmental friendly methods that do
not involve the usage of toxic chemicals is crucial
especially in medical purpose. Synthesis method that
uses natural products as reducing agents need more
focus to reducethe hazards on environment and human.
Greener substrates such as enzyme, fungus, and algae
were reported successfully in the production of Au-NPs.
However, as compared to the difficulties faced in
microbe assisted synthesis, plant mediated synthesis is
developing dueto the ease to handle and to control the
size and shape of nanoparticles. Plant-based synthesis is
relatively fast, safe, and light and works under room
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condition without the needsof high physical requirement.
Every part of the plantis proved to be useful especially
the leaves, but fewreports are targeted on the Plant.

Bauhinia Purpurea (B.Purpurea) which is commonly
belong to the family of fabaceae. It can grow up to 5.2 m
in height and is mainly cultivated in the United States of
America, Hawaii, Coastel California, Southern Texas,
Southwest Florida. Traditionally, Southeast has been used
as medicine to treating swelling, bruises, boils, and
ulcers. Secondary metabolites such as phenolic acid,
flavonoids, alkaloids, and terpenoids that are contained in
plant crude extract are involved in the reduction of
nanoparticles.

Bauhinia ~ Purpurea  including  5,6-dihydroxy-7-
methoxyflavone 6-O-p-D-xylopyranoside, bis [3'4'-
dihydroxy-6-methoxy-7,8-furano-5',6'-mono-

methylalloxy]-5-C-5-biflavonyl ~and  (4'-hydroxy-7-
methyl 3-C-a-L-rhamnopyranosyl)-5-C-5-(4'-hydroxy-7-
methyl-3-C-a-D-glucopyranosyl) bioflavonoid, bibnzyls,
dibenzoxepins, mixture of phytol fatty esters, Lutein,
Beta sitoterol, isoquercitin and astragalin. antioxidant,
antitumour, antiallergic, and antiviral properties where
there are researches that shows that have high potential
antioxidants which are believed to take part in the
synthesis reaction of Au-NPs. Also, different kind of
flavonoids, benzophenones, and anthocyanins present in
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the plant may be involved closely in the reduction of
nanoparticles.

To the best of our knowledge, there is no work reported
on adopting B.Purpurea in the synthesis of Au-NPs or
any other metal nanoparticles. Here, we demonstrate the
biosynthesis and characterization of Au-NPs by using
tetra-chloroaurate and aqueous extract of B. Purpurea.

2. Methods

2.1. Chemicals. B. Purpurea were collected from Xavier
Research  foundation, Palayamkottai, = Tamilnadu.
Analytical grade tetrachloroaurate salt (HAuUCI,, 99.98%)
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was purchased from Sigma-Aldrich, Murd and used as
gold precursor. All reagents used were of analytical
grade. All aqueous solutions were prepared usingdistilled
water. All glassware used was cleaned and washed with
distilled water and dried before used.

Preparation of Aqueous B. Purpurea Extract. The plants were
thoroughly remove dirt and dried in  sun brownish to
purple colour indicating the formation of [Au/B.

Purpurea]. The Au-NPs nanoparticles emulsion obtained
was kept at 4°C.

[ e ~P5
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]

Figure 1: Photos of the Colour Changes after the Addition of Tetrachloroaurate Where () is the bauhinia purpurea,
(b) pure plantextract, and (c) au-nps solution after the reaction with dilution.

Synthesis of Au-NPs. In a conical flask, 20 mL of the
peel extract was reacted with 10 mM of tetrachloroaurate
at room temperature under static conditions. The colour
change of the reaction was observed and the time taken
for the changes was noted. The solution colour changes
immediately from pale brownish to purple colour
indicating the formation of [Au/G.mangostana]. The Au-
NPs nanoparticles emulsion obtained was kept at 40C.

2.4. Characterization of Au-NPs. The reduction of Au-
NPs was confirmed by using UV-vis spectroscopy at
regular intervals in the range of 300 to 1000 nm (Shimadzu,
UV-1800 UV-VIS Spectrometer). The nanoparticles
emulsion was oven dried at 40°C for one day. The dried
sample was collected and examined for the structure and
composition  using  powder  X-ray diffraction
spectroscopy. The data was recorded using
PANalyticXPert Pro (1 = 0.15406 nm) at 45 kV and 20 mA.
The dried sample was scanned in the range of 260 = 10—
80° with 2o/min. Transmission electron microscopy
(TECNAI,G2 F20) was used to investigate the size and
morphology of the Au-NPs using SC1000 Orius CCD
camera. The stability of Au-NPs was measured using
Particulate Systems Nano-Plus Zeta/Nano Particle
Analyser, Japan. The bioreduction compounds that are
responsible for the reaction were deter-mined using
Fourier Transform Infrared spectroscopy. The spectrum
was obtained by Thermo Scientific Nicolet 6700 system
with 16 scans per sample at the range of 550-4000
cm—1.
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3. RESULTS AND DISCUSSION

B. Purpurea extract (0.50 g, 20 mL) acts as both the
reducing and stabilizing agent and HAuCI4 (10 mM)
acts as the gold precursor. The reduction of HAuCl4
was indicated by the colour changes of B. Purpurea
extract as shown in Figure 1. The reaction was rapid as
the pale brownish colour of the B. Purpurea extract turns
into dark brown colour within 3 min indicating
formation of Au-NPs. The possible chemical equations
for synthesizing the Au- NPs are

HAUCI4 (aq) + B. Purpurea
Stirring at Room Temp.
— [Au/ B. Purpurea]

After dispersion of HAuCI4 in the B. Purpurea aqueous
solution matrix, the extract was reacted with the
functional groups of B. Purpurea components to form
[Au/ B. Purpurea].

3.1. UV-Visible Spectroscopy Study.

The presence of Au-NPs is confirmed by UV-vis spectra
in Figure 2. The results showed that a sharp peak appears
at the range of 540-550 nm. It is further confirmed by
other characterizations that this peak indicates the
formation of monodispersed spherical shape Au-NPs.
The reaction takes place within 3 minutes with obvious
colour change.
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Figure 2: UV-vis Absorbance Bands For Au-NPs
Forms Using B. Purpurea Extract.

3.2. X-Ray Diffraction Analysis.

Powder X-ray diffraction pattern in Figure 3 shows that
the Au-NPs synthesized is in crystalline structure. The
spectrum gives an intense peak at 20 = 38.01o, 44.260
and 64.53 which correspond to the (100), (37) and (30)

Counts T

plane proving the structure of Au-NPs to be face center
cubic (fcc). The crystallinity of Au-NPs is pure by
comparing its XRD pattern with the database. However,
there is shifting of the peaks with database where crystal
structure of pure metallic Au-NPs is present. The particle
size of Au-NPs can be estimated using the Debye-
Scherrer equation,

d=kA

(B - cos 6), (2)

Where d is the average crystallite size, k is the Scherrer
constant (0.9), A is the X-ray wavelength (0.154 nm), 8
is the line broadening in radians, and 6 is the Bragg
angle.®™ By using the Scherrer equation, 16 nm is
calculated to be the average crystallite size of the Au-
NPs.
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Figure 3: XRD spectra for Au-NPs forms using B. Purpureaextract and the intensity peak of the reference peak.

3.3. Transmission Electron Microscopy and Scanning
Electron Microscopy Study.

The size and the morphology of the Au-NPs synthesized
was investigated using the SEM which is represented by
Figure 4. The Au-NPs is well dispersed with B. Purpurea
matrix surrounding it indicating that B. Purpurea matrix
acts as the capping agent to separate the Au-NPs from

EHT= 10.00 kV
WD = 10.5mm

Signal A= SE1
Mag= 3500KX

Date :10 Aug 2023
Time :14:42:39

aggregation. The average size of the Au-NPs synthesized
is 200 + 5.25 nm with mostly.

3.3. spherical and some hexagonal and triangular shape.
The average size of the Au-NPs synthesized is 132.96 +
5.25 nm with mostlyspherical and some hexagonal and
triangular shape

%

|

Figure 4: SEM and TEM image of the Au-NPs forms using B. Purpurea extract of the particles size of Au-NPs.
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3.4. Zeta Potential Study

The stability of Au-NPs was per-formed using zeta
potential. A zeta value of +30 mV is needed for a
suspension to be physically stable while £20 mV is
necessary for a combined electrostatic and steric

0 I
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condition. The zeta potential results for pure B. Purpurea
extract are —14.68 mV, whereas the reading of Au-NPs
formed using the extract reduced to —20.82 mV (Figure
5). Thus, Au-NPs formed show an acceptable stability
with reading not less than the required stable expression.
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Figure 5: Zeta Potential Image of Au-NPs Form by Using B. Purpurea Extract.

3.5. Fourier Transform Infrared Spectroscopy Study
FTIR spectroscopy was carried out to determine the
potential functional groups that are responsible for the
reduction of Au-NPs. Figure 6 shows the spectra
obtained from pure B. Purpurea extract and Au-NPs
synthesized using the B. Purpurea extract. The major
stretching appearing at 3000-3500 cm—1 indicates the
presence of O-H stretch which signifies the presence of
phenols, flavonoids, benzophenones and anthocyanins. A
little shifting occurs here, suggesting that the carbonyl
group in the extract capped and stabilized the Au-NPs.
Aside the O-H stretching, at the region of 2919 cm—1
and 2914 cm—1 the presence of C-H bond in xanthone
and other compounds in the extract is significant. Bands

of C-H bond from B. Purpurea extract split into two,
2914 cm—1 and 2845 cm—1, suggest that, after the
formation of Au-NPs, the transmittance changed, while
at the region of 1700 cm—1 it shows the presence of C=0
stretching. At the region of 1600-1500 ¢cm—1, C-C in
ring aromatic bond also suggests the presence of
aromatics structure exists in the B. Purpurea extract. The
C-C aromatics stretch is observed for both spectra at the
region of 1500-1400 cm—1 which is relevant to the
aromatic backbone that can be found mainly in the
pericarp of B. Purpurea. Finally, C-O-C stretch can be
found in the range of 1300-1000 cm—1 where shifting
occurs from 1279 cm—1 to 1234 cm—1 after capping with
Au-NPs.
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Figure 6: FT-IR graphs of Au-NPs form by using B. Purpurea extract.

4. CONCLUSION

This study gives an environmental favourable approach
of the synthesis of Au-NPs using B. Purpurea extract.
The extract demonstrates that the properties of both
reducing and stabilizing agent owe to the presence of
different compounds in B. Purpurea. The usage of
extract from the plant takes full advantage which is
economically friendly, efficient, and safe. No study is
established before with the usage of B. Purpurea for the
production of Au-NPs. The synthesized Au-NPs are
potential to be applied in biomedical and other
applications where nontoxicity is crucial.

www.ejbps.com | Vol 11, Issue 5, 2024.

REFERENCES

1. M. Zargar, A. A. Hamid, F. A. Bakar et al., “Green
synthesis and antibacterial effect of silver
nanoparticles using Vitex negundo L.,” Molecules,
2011; 16(8): 6667-6676.

2. K.J.Rao and S. Paria, “Aegle marmelos leaf extract
and plant surfactants mediated green synthesis of Au
and Ag nanoparti- cles by optimizing process
parameters using taguchi method,”

ACS Sustainable Chemistry and Engineering, 2015;
3(3): 483-491.

3. G. F. Paciotti, L. Myer, D. Weinreich et al.,

“Colloidal gold: a novel nanoparticle vector for

1SO 9001:2015 Certified Journal | 323



Meena et al.

10.

11.

12.

13.

14.

www.ejbps.com |

tumor directed drug delivery,” Drug Delivery, 2004;
11(3): 169-183.

M. B. Mohamed, N. T. Adbel-Ghani, O. M. El-
Borady, and M. A. El-Sayed, “5-Fluorouracil
induces plasmonic coupling in gold nanospheres:
new generation of chemotherapeutic agents,”

Journal of Nanomedicine and Nanotechnology,
2012; 3(7): 1-7.

D. A. Giljohann, D. S. Seferos, P. C. Patel, J. E.
Millstone, N. L. Rosi, and C. A. Mirkin,
“Oligonucleotide loading determines cellular uptake
of DNA-modified gold nanoparticles,” Nano Letters,
2007; 7(12): 3818-3821.

M. Ahmed, D. W. Pan, and M. E. Davis, “Lack of in
vivo anti-body dependent cellular cytotoxicity with
antibody containing gold nanoparticles,”
Bioconjugate Chemistry, 2015; 26(5): 812—-816.

X. Geng and T. Z. Grove, “Repeat protein mediated
synthesis of gold nanoparticles: effect of protein
shape on the morphological and optical properties,”
RSC Advances, 2015; 5(3): 2062-2069.

K.-T. Yong, M. T. Swihart, H. Ding, and P. N.
Prasad, ‘“Preparation of gold nanoparticles and their
applications in anisotropic nanoparticle synthesis
and bioimaging,” Plasmonics, 2009; 4(2): 79-93.

P. Kuppusamy, M. M. Yusoff, S. J. A. Ichwan, N. R.
Parine, G.P. Maniam, and N. Govindan,
“Commelina nudiflora L. edible weed as a novel
source for gold nanoparticles synthesis and studies
on different physical-chemical and biological
properties,” Journal of Industrial and Engineering
Chemistry, 2015; 27: 59-67.

K. B. Narayanan and N. Sakthivel, “Facile green
synthesis of gold nanostructures by NADPH-
dependent enzyme from the extract of Sclerotium
rolfsii,” Colloids and Surfaces A: Physico-chemical
and Engineering Aspects, 2011; 380(1-3): 156-161.

N. N. Dhanasekar, G. R. Rahul, K. B. Narayanan, G.
Raman, and N. Sakthivel, “Green chemistry
approach for the synthesis of gold nanoparticles
using the fungus Alternaria sp,” Journal of
Microbiology and Biotechnology, 2015; 25(7):
1129-1135.

B. E. Naveena and S. Prakash, “Biological synthesis
of gold nanoparticles using marine algae Gracilaria
corticata and its application as a potent antimicrobial
and antioxidant  agent,”Asian  Journal  of
Pharmaceutical and Clinical Research, 2013; 6(2):
179-182.

H. Khanehzaei, M. B. Ahmad, K. Shameli, Z.
Ajdari, M.A. Ghani, and K. Kalantari, “Effect of
seaweed Kappaphycus alvarezii in the synthesis of
Cu@Cu20 core-shell nanoparticles prepared by
chemical reduction method,” Research on Chemical
Intermediates, 2015; 41(10): 7363-7376.

X. Zhang, S. Yan, R. D. Tyagi, and R. Y.
Surampalli, “Synthesis of nanoparticles by
microorganisms and their application in enhancing
microbiological reaction rates,” Chemosphere, 2011,
82(4): 489-494.

Vol 11, Issue 5, 2024.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

1SO 9001:2015 Certified Journal |

European Journal of Biomedical and Pharmaceutical Sciences

I.-M. Chung, |I. Park, K. Seung-Hyun, M.
Thiruvengadam, and G. Rajakumar, ‘“Plant-mediated
synthesis of silver nanoparticles: their characteristic
properties and therapeutic applications,” Nanoscale
Research Letters, 2016; 11(1): 1-14.

D. Philip, “Rapid green synthesis of spherical gold
nanoparticles using Mangifera indica leaf,”
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 2010; 77(4): 807-810.
S. S. Dash, B. G. Bag, and P. Hota, “Lantana camara
Linn leaf extract mediated green synthesis of gold
nanoparticles and study of its catalytic activity,”
Applied Nanoscience, 2015; 5(3): 343-350.

V. G. Kumar, S. D. Gokavarapu, A. Rajeswari et al.,
“Facile green synthesis of gold nanoparticles using
leaf extract of antidiabetic potent Cassia auriculata,”
Colloids and Surfaces B: Biointerfaces, 2011; 87(1):
159-163.

B. Sadeghi, M. Mohammadzadeh, and B.
Babakhani, “Green synthesis of gold nanoparticles
using  Stevia  rebaudiana  leaf  extracts:
characterization and their stability,” Journal of
Photochemistry and Photobiology B: Biology, 2015;
148: 101-106.

N. Yang, L. Weihong, and L. Hao, “Biosynthesis of
Au nanoparticles using agricultural waste mango
peel extract and its in-vitro cytotoxic effect on two
normal cells,” Materials Letters, 2014; 134: 67-70.
V.Ananth, M.Asad, N.Premkumar, S.M.D.Asday,
and G.S.Rao, “Evaluation of wound healing
potential of Bauhinia Purpurea leaf extracts in Rats”
Indian Journal of Pharmaceutical Sciences, 2010;
72(1): 122-127.

Bhawn Sunil Negi, Bharti P.Dave and Y.K.Agarwal,
“Evaluation of Antimicrobial activity of Bauhinia
Purpurea leaves under Invitro Conditions,” Indian
Journal of Microbiology, 2012; 52(3): 360-365.
S.Palwa, R.Mazumder, S.Bhattacharya, S.Kumari,
A.Mazumder and D.P.Singh, “Pharmacognostical
and Phytochemical evaluation of leaves of Bauhinia
Purpurea Linn,” Ancient Sciences, 2010; 30(2):
28-32.

Marimuthu Krishnaveni, “Antioxidant Potential of
Bauhinia Purpurea leaf,” International Journal of
Pharmacy and Pharmaceutical Sciences, 2014; 6(7):
558-560.

Z.A.Zakaria, E.E.Abdul Hisam, M.S.Rofiee,
M.Narhafizah, = M.N.Somchit, L.K.Teh  and
M.Z.Salleh, “In vivo antiulcer activity of the
aqueous extract of Bauhinia Purpurea leaf,” Journal
of Ethanopharmacology, 2011; 137(2): 1047-1054.
K. Anand, R. M. Gengan, A. Phulukdaree, and A.
Chuturgoon, “Agroforestry waste Moringa oleifera
petals mediated green synthesis of gold
nanoparticles and their anti-cancer and catalytic
activity,” Journal of Industrial and Engineering
Chemistry, 2015; 21: 1105-1111.

R. Vijayakumar, V. Devi, K. Adavallan, and D.
Saranya, “Green synthesis and characterization of
gold nanoparticles using extract of anti-tumor potent

324



Meena et al. European Journal of Biomedical and Pharmaceutical Sciences

Crocus sativus,” Physica E: Low-Dimensional
Systems and Nanostructures, 2011; 44(3): 665-671.

28. P. Kumar, P. Singh, K. Kumari, S. Mozumdar, and
R. Chandra, “A green approach for the synthesis of
gold nanotriangles using aqueous leaf extract of
Callistemon viminalis,” Materials Letters, 2011;
65(4): 595-597.

29. C. Coman, L. F. Leopold, O. D. Rugin™a et al.,
“Green synthesis of gold nanoparticles by Allium
sativum extract and their assessment as SERS
substrate,” Journal of Nanoparticle Research, 2014;
16(1): article 2158.

30. J. Anuradha, T. Abbasi, and S. A. Abbasi, “An eco-
friendly method of synthesizing gold nanoparticles
using an otherwise worthless weed pistia (Pistia
stratiotes L.),” Journal of Advanced Research, 2015;
6(5): 711-720.

31. M. Mahdavi, F. Namvar, M. B. Ahmad, and R.
Mohamad, “Green biosynthesis and characterization
of magnetic iron oxide (Fe304) nanoparticles using
seaweed (Sargassum muti-cum) aqueous extract,”
Molecules, 2013; 18(5): 5954-5964.

32. M. Faried, K. Shameli, M. Miyake et al., “Synthesis
of silver nanoparticles via green method using
ultrasound irradiation in seaweed Kappaphycus
alvarezii media,” Research on  Chemical
Intermediates, 2016.

33. P. P. Gan, S. H. Ng, Y. Huang, and S. F. Y. Li,
“Green synthesis of gold nanoparticles using palm
oil mill effluent (POME): a low- cost and eco-
friendly viable approach,” Bioresource Technology,
2012; 113: 132-135.

www.ejbps.com | Vol 11, Issue 5, 2024. ISO 9001:2015 Certified Journal | 325



