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Abstract

Cyanidin 3,5-di-O-glucoside anthocyanin was extracted from red rose flower petals and used as reducing and capping
agent for the green synthesis of anisotropic gold nanoparticles (Au NPs). Transmission electron microscope (TEM) images
indicated that the Au NPs have large number of small spheres of gold. Surface plasmon resonance band position strongly
depended on the [HAuCl,] and [anthocyanin]. Cationic surfactant distinctly changed the shape, size, number of NPs, and
size distribution of Au nanodisks at room temperature. Conventional techniques were used to the estimate the antiradical and
antimicrobial activities of the cyanidin 3,5-di-O-glucoside anthocyanin and gold NPs. The 2,2-diphenyl-L-picrylhydrazyl
nitrogen radical (DPPH’), two bacteria strains (Staphylococcus aureus and Escherichia coli), and two yeast strains (Candida
albicans ATCC 10231 and Candida parapsilosis ATCC 22019) were used to determine the antioxidant and antimicrobial
properties of CTAB-capped gold NPs. Eosin yellow photocatalytic degradation followed apparent first-order kinetics with
activation energies of 54.4 kJ/mol and 39.5 kJ/mol, respectively, for oxidative and sunlight catalyzed paths. The photocatalytic
rates drastically inhibited with scavengers, demonstrating that the reactive radical oxygen species (HO- and O, ™), holes (h*)

and electrons (e~) played major role in the degradation.

1 Introduction

Due to the potential application in biology, catalysis, med-
icine, and nonlinear optics, the fabrication of advanced
transition metal NPs of gold by various methods such as
chemical radiation, and seed growth has been reported on
several occasions from many decades [1-5]. For example,
Enustun and Turkevich used chemical reduction approach
and reported the preparation of Au nanoparticles at room
temperature [2]. Henglein et al. used irradiation technique
to prepare advanced Au nanoparticles having 15 nm diam-
eters [3]. These nanoparticles have also been synthesized
with radiation reduction of HAuCl, solution by using cati-
onic hexadecyltrimethylammonium chloride surfactant as
a stabilizing and capping agent [4]. Goia and Matijevic
were developed a simple chemical reduction for the syn-
thesis of mono-dispersed gold sols by using sodium ascor-
bate at room temperature [5]. They also suggested that
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the particle size could be tuned by altering the pH of the
reaction solution. Bakshi and his coworkers used various
stabilizers (surfactants, polymers, proteins, phospholipids,
and enzymes) to control the morphology gold NPs and
suggested that the CTAB surfactant was the best capping
agent [6-8]. It has been established that the presence of a
suitable stabilizer and/or capping agent such as surfactant,
enzyme, ligand, metalloporphyrin, carbohydrate, protein,
and solvent are mandatory to the synthesis of small size
particles [9-12]. Khan and his coworkers reported yel-
low colored precipitate between HAuCl, and CTAB with
in the time of mixing. They also suggested that mixing
order of HAuCl,, ascorbic acid, and CTAB has significant
impact on the morphology (size, shape, and size distribu-
tion) of resulting nanogold [13]. Paracetamol, pain reliever
and fever reducer drug, was used to the preparation of
gold NPs having different morphologies with shape-
controlling cationic surfactant, cetyltrimethylammonium
bromide [14]. Literature contains abundant reports to the
preparation of gold nanomaterials that may pose a risk,
which might be adsorption of organic solvents, polymers,
ligands, zeolites, and surfactants [15-18]. Therefore,
various researchers used plants, seeds, leaves, flowers,
bacteria, yeast, etc. to the synthesis of monometallic and
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bimetallic nanomaterials of gold [19, 20]. Shingaravelu
et al. were used flower of couroptia guianesis flowers to
the fabrication of gold NPs. They also demonstrated that
couroupita guianesis-capped gold has potential anticancer
activity [21].

Eugster and Marki-Fischer presented a survey of pig-
ments present in the variety of rose flowers in his pioneer-
ing article. They pointed out that the many roses contain
large amount of medicinally active constituents such as
anthocyanins, cyanins, and carotenoids [22]. Eikani and
his coworkers used simultaneous distillation—extraction
method for the recovery of water-soluble constituents
present in the extract of rose oil [23] and reported the
presence of various odorous constituents. Nowak et al.
reported the antimicrobial properties and chemical compo-
sitions of the rose petals [24]. The advanced nanomaterials
would be prepared by using medicinally important plants
and their parts. Their chemical constituents (alkaloids, ter-
penoids, polyphenols, starch and other biomolecules) have
been acted as reducing agents with and without shape-
directing cetyltrimethylammonium bromide [25-27]. Our
goal in this study was to synthesize the gold nanoparti-
cles by using cyanidin 3,5-di-O-glucoside (extracted from
an aqueous extract of red rose flower) and HAuCl, with
and without shape-controlling CTAB. We also focused on
providing a more simple, cost-effective, and reproducible
technique to the synthesis of pure gold NPs. Antiradical
and antimicrobial activities of cyanidin 3,5-di-O-glucoside
anthocyanin and as-prepared gold NPs were determined
against human pathogens. The possible mechanism of
AuCl, interaction with anthocyanin has been discussed.
The as-synthesized AuNPs used as an electron relay trans-
fer catalyst for the oxidative and photocatalytic degrada-
tion of eosin yellow (C. I. Acid red 87, red fluorescent
active dye, photoinitiator to develop papanicolaou stain).

2 Experimental section
2.1 Chemicals

The gold(IIl) chloride trihydrate (HAuCl,-3H,O and
purity >99.9%), eosin yellow (C,,H¢Br,Na,Os, molar
mass =647.89 and purity 99%) ,cetyltrimethylammonium
bromide (C,oH,,NBr, and molecular weight=364.45 g/
mol), and sodium salt of eosin yellow (C, HBr,OsNa,, red
powder and molar mass =647.89 g/mol) were purchased
from Sigma-Aldrich, USA, and there stock solutions were
prepared in deionized water by molarities basis. All chemi-
cals such as gallic acid, 2,2-diphenyl-L-picrylhydrazyl radi-
cal, ethanol, dimethyl sulfoxide (DMSO), and Folin—Ciocal-
teu reagent were of analytical grade.

2.2 Instruments

The UV-Vis spectra of as-prepared gold NPs were recorded
by using Shimadzu UV-260 spectrophotometer. The surface
morphology of NPs was determined by using conventional
scanning electron microscope (SEM), transmission elec-
tron microscope (TEM, JEM 2100), equipped with energy-
dispersed X-ray detector (EDX). For TEM measurement,
resulting sols were deposited on a carbon-coated copper
grid, dried at room temperature under open air. The spe-
cific surface area of these NPs was estimated from nitrogen
adsorption—desorption isotherms (Brunauer—-Emmett-Teller;
BET) by using Quantachrome Nova 3200e Surface area &
pore size analyzer, Instrument. The morphology and ele-
mental composition of anthocyanin capped AuNPs were
determined using field emission electron microscope with
QUANTA FEG 450, FEI Company, Eindhoven, The Neth-
erland. UV-Vis diffuse reflectance spectra were recorded on
an Agilent-Varian Carry 5000 spectrophotometer.

2.3 Determination of cyanidin 3,5-di-O-glucoside
and phytochemicals

Red rose flowers petals were cleaned thoroughly with
deionized CO,-free water to remove the dust and other
unwanted materials and shade dried at 30 °C temperatures
for ca. 1 week. The petals were then ground well into pow-
der by manual blender. The extract was prepared by mix-
ing 2 g powder of petals with 250 ml of double distilled
water in a 500-ml reaction vessel and was placed in mag-
netic stirrer hot plate at 80 °C for 3 h. The resulting red
color solution was cooled, filtered, collected in an amber
glass colored bottle, and stored in a refrigerator.

For the determination of total phenolic contents in as-
prepared rose petal extract, Singleton and Rossi colorimetric
method was used with slight modification [28]. The phos-
phomolybdic-phosphotungstic and gallic acid were used as
a reagent and standard reference, respectively. In a typical
experiment, 5.0 ml of extract is added in a volumetric flask
containing 50 ml distilled water, 5 ml regent, and 10 ml 20%
sodium carbonate solution. The reaction solution was mixed
thoroughly and absorbance of the resulting blue color was
measured at 670 nm after 1 h. The extraction of cyanidin
anthocyanin was carried out in double distilled water and
their concentration was estimated by using spectrophotometric
method [29, 30]. The molar extinction coefficient (=30,247 L/
mol cm) of cyanidin anthocyanin and absorbance (A =[(Asy, —
A700)pu1.2 — (Ass —A700)pna 3] Was used for the estimation of
total anthocyanin contents. Optical image of red rose flower,
structure of extracted cyanidin 3, 5-di-O-glucoside, and its
optical image of red color are given in Scheme 1.

@ Springer



8782

Journal of Materials Science: Materials in Electronics (2020) 31:8780-8795

Scheme 1 Photograph of red rose flower, structure of cyanidin 3,5-di-O-glucoside, and image of extracted red color from rose petals

2.4 Preparation of gold nanoparticles

In order to optimize the process parameters, the factorial
design of experiments (one factor at a time) method was used
in this study. In a typical experiment, the different concen-
trations of gold solutions (25, 30, 40, 50, and 60 X 10~ mol/
dm?) were added into the reaction flasks having cyanidin
anthocyanin and diluted with deionized water accordingly
(total volume =50 ml of each experiment). The reaction was
slow and pale yellow reaction mixture became reddish turbid
after 1 h at room temperature. Interestingly, the purple color
appeared within 20 min and the resulting color was stable for
ca. 3 days (no further color change was observed), indicating
the formation of gold NPs during the redox reaction between
Au** ions and active constituent of rose extract. For the
solid separation, the resulting gold sols were centrifuged at
15,000 rmp for 25 min. The resulted mass was washed with
water to remove the unreacted reactants from the surface of
gold NPs. To study the effect of petal extract concentration
on the morphology of gold NPs, the extract concentration
was varied from 10 to 40% at 30 x 10~ mol/L Au** ions.

2.5 DPPH antiradical scavenging activity

The DPPH radical solution (0.001 mol/L') was prepared in
methanol. The 2.0 cm?® radical solution was mixed with 5.0
cm? of rose extract at 30 °C. The antioxidant efficiency was
measured at 517 nm (4,,,, of DPPH radical) as a function
of time [31]. The ascorbic acid was used as a controls. The
percentage of DPPH scavenging activity was determined by
using Eq. (1). All measurements were taken in triplicate.

% DPPH activity

_ | 1 = (absorbance of sample — absorbance of blank) % 100
B absorbance of control
ey
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2.6 Antimicrobial activity

The micro-broth dilution method was used for the evalua-
tion of antimicrobial properties of cyanidin 3,5-di-O-glu-
coside and gold NPs. The minimum inhibitory concen-
tration (MIC) was estimated according to the reported
method. For this purpose, two bacterial strains, namely
Staphylococcus aureus ATCC 25923) and Escherichia coli
ATCC 25922, were used. Gentamicin and dimethyl sulfox-
ide were used as a reference and negative control, respec-
tively. For the antifungal activity of red rose extract and
gold NPs, two reference yeast strains (Candida albicans
ATCC 10231 and Candida parapsilosis ATCC 22019)
were used. Mueller—Hinton agar was utilized for the dilu-
tion. Fluconazole was used as a reference compound. Each
experiment was performed in triplicate.

2.7 Catalytic degradation of eosin yellow

To determine the catalytic efficiency, eosin yellow aque-
ous solution 2.0 x 10~ mol/dm® was added into a reactor
containing required NaBH, and equilibrated at room tem-
perature for 30 min. Then aqueous suspension of AuNPs,
nanocatalyst (3.4 X 10~* mol/L) was added. The decom-
position of dye was monitored by recording the spectra of
reaction mixture as constant time intervals. For photocata-
lytic degradation, the same reaction mixture was exposed
to sunlight irradiation for 20 min. The effect of scavengers
(methanol, benzoquinone, potassium bromate, potassium
iodide, and ammonium oxalate) was also studied to estab-
lish the role of holes, electrons, and reactive oxygen radi-
cals on the rate of dye degradation.
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3 Results and discussion

3.1 Interaction and morphology of CTAB-gold
complex

Upon addition of an required RRF extract into the reac-
tion vessel containing HAuCl,, a yellowish-blue turbidity
appeared after 10 min and the solution was not perfect.
The formation of purple color was very slow and the
resulting color was not perfect transparent. Xiao and Qi
in his featured article pointed out that metal-surfactant
complex-template is an excellent method for the controlled
synthesis of nanocrystals [32]. Oi et al. prepared curled
nanobelts having 50-100 nm thickness by using HAuCl,
and cationic surfactant in solution without any reductant
[33]. In order to see insight into this type of interactions
between CTAB and gold salt, different [CTAB] (from 0.1
to 3.5 mM/L) were added in a solution containing fixed
[HAuCl,] =0.05 mM/L. Visual observations indicate the
appearance of golden yellow when CTAB was mixed with
HAuCl, solution, which should be due to the formation of
gold-CTAB complex between the positive (-N*(CH;);)
head group of ionized CTAB and negative AuCl,” through
electrostatic interactions. Inspection of Fig. 1 clearly dem-
onstrated that the shape of the gold-CTA spectra depends
on the reaction time at room temperature [34].

The TEM images further illustrate that aqueous
CTA- HAuCl, complex has anisotropic morphology of
nanoflower-like gold-CTA (Fig. 1), which makes them
self-assembled and crystallized into a two-dimensional
mono-disperse NPS. The observed morphology can be
attributed to shape anisotropy. In Figure 1, TEM image
also shows that there is a large fraction of gold salt solu-
bilized into the aggregates of CTAB, which results in a
large anisotropy. The following mechanism was proposed
to the formation of AuCl,—CTA complex [13] (Scheme 2).

Scheme 2 represents the complex formation between
ionized CTAB, i.e., CTA ions and AuCl," ions.

3.2 Morphology of gold NPs

In order to prepare gold NPs, the required amount of cya-
nin anthocyanin was added into the orange-yellow colored
AuCl,—CTA complex (vide supra). The red color reaction
mixture became purple as the reaction time increases,
indicating the reduction of gold-CTA complex by cyanin
anthocyanin. TEM images of anthocyanin capped gold
NPs are given in Fig. 2a. Inspection of these results clearly
suggest that the resulting NPs have various morphology
ranging from spheres, nanodisks and triangular nanoplate
with broader size distribution (presence of triangular gold
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Fig.1 UV-Vis spectra and TEM images of an aqueous solution of
CTAB (10.0x 10 mol/L) and HAuClI, (10.0 x 10~ mol/L) as a func-
tion of time at room temperature

NPs as the main product as circled in the image). Figure 2b
shows the TEM image of CTAB stabilized gold NPs. Com-
parison of these TEM images indicates that the number of
NPs decreased in the presence of CTAB. Only few gold
nanodisks (thickness =15 to 25 nm) were formed instead
of large number of nanospheres. HAuCl, and active antho-
cyanin are incorporated into the micelles of CTAB. The
redox reaction takes place in the Stern layer of micelles.
Finally, pale yellow Au* ions were reduced to gold metal
(purple colored gold sols), which leads to the formation
of triangular nanodisks of gold. These observations are in
accordance with the hypothesis and results of Xiao and Qi
and other investigators regarding the surfactant-assisted
morphology of decahedral gold-nanodisks containing
twinned crystals display five-twin boundaries, with all
crystal faces formed by {111} planes [32, 35, 36].

For spherical NPs, surface area was estimated with

Eq. (2).
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Scheme 2 Complex formation CH.(CH CH.).NBr
between AuCl, and CTAB 3( 2) 1 5( 3)3

+Br || - Br

+ Fast
CH3(CH2)15(CH3)3N + AuCI4' — CH3(CH2)15(CH3)3N-AuCI4

50 nm

Fig.2 TEM images of cyanidin-gold NPs (a) and CTAB-capped gold
NPs (b)

surface areaof goldNPs 6
mass of gold a

SSA = @

7 drgy
where p =density of pure gold (=19,320 kg/m?) and
drgy =diameter of gold NPs. The theoretical SSA was
found to be 98,904 m*/kg for gold NPs with 20 nm diam-
eter. The particle size (dggy) was also calculated by using
the experimental BET surface area of as-prepared gold NPs
(99,500 m%/kg) from Eq. (3).

@ Springer

(CTA-AuCI;nano-flower)

HAuCl,
6
dger = m 3)

where SSA is the specific surface area. The dpr indicates
that an average particle diameter ca. 31 nm. Sau and Murphy
also reported the synthesis of a number of gold nanostruc-
tures in high yield under ambient conditions [36]. The pres-
ence of a thick black layer was also visualized on the surface
of nanodisk, which indicates the capping action of antho-
cyanin [37, 38]. In order to determine the presence of ele-
ments in the anthocyanin-capped AuNPs, the field emission
scanning electron microscope elemental mapping image was
recorded. Figure 3 shows the presence of mainly metallic
gold along with carbon and oxygen, which might be due to
the presence of anthocyanin on the surface of resulting NPs.

3.3 Mechanism of gold NPs formation

It has been established that pH has a significant impact on
the electron transfer from metal ions to the reducing agent
in an aqueous solution [39]. Nucleation and growth depend
on the pH of the reaction solution. On the other hand, red,
violet, blue, and colorless species of cyanidin 3,5-di-O-glu-
coside anthocyanin also exist in solution due to the presence
of delocalized conjugated system and —OH groups. The pH
of the working reaction mixture containing different con-
centrations of HAuCl,, CTAB and cyanidin was recorded
(Table 1). It was observed that the variation of CTAB and
cyanidin has no significant effect on the pH, which remains
nearly constant. On the other hand, color of the cyanidin
3,5-di-O-glucoside depends on the pH. In a typical experi-
ments, different amounts of 0.001 M standard solutions of
HCI and NaOH were added in an aqueous solutions of cya-
nidin 3,5-di-O-glucoside separately. The observed results
are summarized in the following Scheme 3.

In aqueous solution, cyanidin participates in the
acid—base equilibrium and different color persist in solu-
tion [40]. Under our experimental conditions (Table 1),
red color species of cyanidin is the major existing spe-
cies, which reacts with AuCl,”. A possible mechanism is
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Fig. 3 Elemental mapping of anthocyanin-capped gold NPs

Table 1 Effects of [HAuCl,],
[cyanidin 3,5-di-O-glucoside
anthocyanin], [CTAB] and pH
on the stability, color, and SRP
peak position of gold NPs

10°[HAuCI,] 10°[Anthocyanin]  10*[CTAB] pH Stability, color, SRP position
(mol/L) (mol/L) (mol/L)

0.0 35 0.0 3.2 Red, stable?

0.0 35 0.0 4.5 Red, stable?

0.0 35 0.0 6.0 Pale Red, stable®

0.0 35 0.0 7.5 Violet, stable”

0.0 35 0.0 9.5 Violet, stable”

0.0 35 0.0 11.2 Blue, stable®

25 0.0 10.0 5.2 CTA-Au complex, stable
25 35 0.0 6.3 Yellow turbidity

25 3.5 10.0 5.1 Pale yellow, stable, 552 nm
30 3.5 10.0 5.2 Pale yellow, stable, 555 nm
40 3.5 10.0 5.2 Yellow, stable, 562 nm

50 3.5 10.0 5.0 Purple. stable, 548 nm

60 3.5 10.0 5.2 Purple, stable, 544 nm

25 1.5 10.0 5.1 Pale yellow, stable, 552 nm
25 2.5 10.0 5.0 Pale yellow, stable, 552 nm
25 3.0 10.0 5.1 Pale yellow, stable, 552 nm
25 3.5 2.0 5.6 Pale yellow, unstable, turbid
25 3.5 6.0 5.1 Pale yellow, stable, 552 nm
25 3.5 12.0 5.1 Pale yellow, stable, 552 nm

“pH was adjusted by using standard HC1 and NaOH of cyanidin 3,5-di-O-glucoside solution

bstability was reported to the formation of perfect transparent gold sols
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HO. (0]
N
C
=
oG
(Cyanidin; pH =5.4red ) (Cyanidin;pH= 7-8 violet) (Cyanidin; pH= 11; blue)
-H,0 ||+ H,0
OH
oG

where G =

Scheme 3 Effect of pH on the color species of cyanidin 3,5-di-O-glucoside

Scheme 4 Reduction of gold
salt by reactive species of
anthocyanin

l 0.

HO

OoG

slow

o+
rds S i
— — + AuCl, + HCI (5)
0G

96 (Cyanidin 3,5-di-O-glycoside) (Radical)

+ AuCly, —— _ + AuCl, + HCI  (6)
0G
- ) fast 0 .
Cyanidin + AuCl, —_— Au” + HCI + Radical (7)
adsorption
AU + nCyanidn — > ( in,, (8)
(Apay= 540 nm)
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proposed for the reduction of gold salt, HAuCl,, by active
anthocyanin, cyanidin 3,5-di-O-glucoside of RRF extract
(Scheme 4).

In Scheme 4, Eq. (4) represents the ionization of gold
salt. Equation (5) is a one-step redox reaction between
AuCl,” and cyanidin 3,5-di-O-glucoside (rate-determining
step). The AuCl;™ and a corresponding radical were formed.
The resulting cyanidin radical was converted into the stable
product, i.e., corresponding quinone (Eq. 6). In excess of
cyanidin, AuCl,™ undergoes one-electron transfer mecha-
nism to give radical and metallic gold (Eq. 7). Finally, cyani-
din adsorbs on to the surface of gold metal and yields stable
gold nanoparticles (Scheme 5).

3.4 Effect of gold salt on the SRP of nanoparticles

The absorption spectra of cyanidin 3,5-di-O-glucoside are
depicted in Fig. 4a for two different cyanidin 3,5-di-O-glu-
coside concentrations (inset-Optical images of cyanidin
3,5-di-O-glucoside). Aqueous solution shows two absorp-
tions around at 312 and 522 nm, which might be due to the
presence of 85% cyanidin 3,5-di-O-glucoside anthocyanin
in the as-prepared extract [41]. The molar concentration of
cyanidin 3,5-di-O-glucoside-based anthocyanin was calcu-
lated by using Lambert-Beer’s law [42] (Eq. 9).

Absorbance = ecl ©)

where all symbols have their usual significance (¢ =molar
absorptivity, ¢ =concentration, and 1= path length). The
£=30,247 L/mol cm was used for the calculation of molar
concentration at 25 °C [43]. Upon addition of cyanidin
3,5-di-O-glucoside aqueous solution into the HAuCl,
solution in the presence of CTAB, a characteristic peak of
pure gold salt (attributed to the ligand—metal transitions;
Dy—> 5dx* —y?) is not observed at ca. 288 nm, indicating
that the HAuCl, converted into Au’ (Fig. 4b). The intensity
of cyanidin 3,5-di-O-glucoside anthocyanin peak is dra-
matically affected as the growth of AuNPs proceeds. The
resulting purple gold sol shows a SRP band at 545 nm. The

Scheme 5 Stabilization of gold NPs by cyanidin 3,5-di-O-glucoside

position and intensity SRP band depend on the concentra-
tion of gold salt (Table 1). Our spectra showed only one
transverse peak ca. 545-580 nm. The band position strongly
depends on the [HAuCl,], indicating that the resulted AuNPs
should be isotropic. It is well known that appearance of a sin-
gle SRP band in the visible region and their shifting (either
blue or red) would be due to their collective absorbance aris-
ing from surface resonance plasmon of nanospheres [44,
45]. Effects of different HAuCl, concentration are depicted
graphically in Fig. 4b as a absorbance—wavelength reaction
profiles. The blue- and red-shifts depend on the reaction
condition. A red-shift was observed at higher [HAuCl,] from
25.0% 107 to 30.0x 107> mol/L, probably due to the forma-
tion of bigger size of gold NPs.

UV-Vis diffuse reflectance spectra of AuNPs are pre-
sented in Fig. 5a. The SPR band appeared at 545 nm, which
might be due to the excitation of interband 6sp electrons of
gold [46, 47]. The 5d-6sp optical band gap energy of AuNPs
was determined from the UV-Vis diffuse reflectance spec-
trum in the UV-region by using Tauc’s relation (Eq. 10).

(ahv)* = A(hv — E,) (10)

where A =transition probability, 7 =Planck constant, v fre-
quency, and E, = optical bans gap energy. Equation (10) can
be written as Eq. (11) for unit transition probability.

(ahv)* = ho - E, (11)

The Eg was calculated from the plot of (ahv)? versus
energy of light; hv (Fig. 5b) by extrapolating a straight line
to the (ahv)>=0 axis and found to be 3.54 eV. Our calcu-
lated E, value is in good agreement to the band gap energy
(3.52 eV) determined by Tian et al. for the AuNPs [48].

3.5 Antiradical and antimicrobial activities

The polyhydroxy phenols of natural pigments were respon-
sible for the antioxidant and antimicrobial properties. The
red rose petals were widely used for medicinal, cosmetic,
and food industries. Therefore, it was to determine the total
phenolic content present in the RRF extract. The UV-Vis
technique was used for the estimation of phenolic content
and was found to be 102.34 mg/g of dry plant material. Anti-
radical and antimicrobial activities of isolated anthocyanin
and as-prepared anthocyanin capped gold nanoparticles were
determined against DPPH radical and two human pathogens
by using UV-Vis spectroscopy. For DPPH radical, ICs,
value was evaluated from the plot of inhibition percent-
age versus cyanidin concentration. The IC55=52.2 pg/ml
DPPH' was determined. Antioxidant activity of polyphenols
depends on the transfer of labile H- atom to DPPH". The
dihydroxyl groups of B ring of anthocyanin were responsible
for the antiradical activity with radical (Scheme 6).
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Fig.4 UV-Vis spectra of cyanidin 3,5-di-O-glucoside (a) and effects
of HAuCl, concentration on the SRP intensity and peak position
of Au NPs (b). Reaction conditions: [CTAB]=10.0% 10~ mol/L,
Time=1h

The cyanidin 3,5-di-O-glucoside and gold NPs were
screened for their antimicrobial properties against human
pathogens by using disk-diffusion method [49]. The obtained

oG

(Cyanidin anthocyanin) (DPPH)

Fig.5 UV-Vis diffuse reflectance spectra of AuNPs under different
conditions (a) and derived Tauc plot of anthocyanin capped AuNPs

(b)

data, photograph of diffusion zone, is given in Fig. 6. The
area of inhibition zone increases with an increase in the
cyanidin 3,5-di-O-glucoside concentration. The inhibition
percentage was calculated by using following equation:

OH
0.

OH
@ NO, . NO»
* HO. Q
HO. O\ R
(: + N—N. (:// + N—NH
= oG oG
O,N NO, O,N NO,

(Anthocyanin radical) (DPPH colorless)

Scheme 6 Antioxidant activity of cyanidin 3,5-di-O-glucoside anthocyanin
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% inhibition

100 X (cyanidin inhibition area — solvent inhibition area)

gentamicin inhibition area — solvent inhibition area (12)

The inhibition area of each experiment was calculated
with Eq. (13).

Area = nr? (13)

where r=radius of the zone of the inhibition and z7=3.14.
The plots of % inhibition against the concentrations of cya-
nidin 3,5-di-O-glucoside anthocyanin and gold NPs are
depicted graphically in Fig. 7a and b, respectively. Inspec-
tion of these results suggests that the inhibition % signifi-
cantly with concentrations of cyanidin 3,5-di-O-glucoside
and gold NPs. These results can be rationalized due to the
antioxidant activity of free cyanidin 3,5-di-O-glucoside as
well as on the surface of gold NPs. He and Giusti reviewed
the antimicrobial properties and other medicinal applica-
tions of anthocyanin [50]. Our results showed that cyanidin
3,5-di-O-glucoside and gold NPs were active against all the
microorganisms used (Table 2). Metal and metal NPs have
strong tendency to coordinates with protein and amino acids
through electrostatically under physiological pH. The NPs

Fig.6 Disk diffusion assay of gold NPs against S. aureus (a) and E.
coil (b)

A
60 |-
50 |- Il Escherichia coli
I Staphylococcus aureus

40 |
c
0
=
2 30
L
£
N3
20 F

10 |

1 1
2 4 6 8 10 12 14 16 18
10%[Cyanidin] (mol/L)
B
70
60 |- I Escherichia coli
Il Staphylococcus aureus

50 |-
S a4l
=
2
L
€30
2

20 |

10 |

0 1 1 1

25 3.0 35 4.0 45 5.0 55 6.0

10%[gold NPs] (moliL)

Fig. 7 a Effects of cyanidin 3,5-di-O-glucoside and (b) anthocyanin-
capped gold nanoparticles on the antibacterial activity against human
pathogens

incorporate into the cell wall of human pathogens due to
synergistic coordination with the pH sensitive functional
groups, altered the membrane stability and disturbed the nor-
mal structure of bacteria. They also damaged the structure
of DNA and inhibit planktonic growth. As a result, the NPs
exhibit antibacterial and antifungal activities. Amino acids
have three potential (-NH,, -COOH and —SH) coordination
sites. The gold NPs coordinated with protein of bacteria cell
membrane through cysteine—SH group, and released gold
ions into the cell wall after oxidation of cysteine [51-54].

3.6 Eosin yellow decomposition

In order to determine the catalytic activity of AuNPs, UV-Vis
spectra of eosin yellow and NaBH, (source of hydrogen) were

@ Springer



8790

Journal of Materials Science: Materials in Electronics (2020) 31:8780-8795

Table 2 Antiradical and antimicrobial activities of cyanidin 3,5-di-O-glucoside anthocyanin and gold NPs

Sample Antiradical activity (g/pml)  Inhibition zone (mm) MIC (pg/ml)
S. aureus E. coli S. aureus E. coli
Cyanidin 522+1.5 14 10 30 25
Gold NPs 60.7+2.5 20 17 40 30
Gentamicine 23 21 25 22
Antifungus activity Inhibition zone (mm) MIC (pg/ml)
C. albicans C. parapsilosis C. albicans C. parapsilosis
Cyanidin 12 16 40 55
Gold NPs 16 20 47 54
Fluconazole 10 12 25 22
3.5 4.0
Tinﬂrznin)
3.0 3.5 =
25 Time(min) 30
8 2 2.5
= —5 3
< 2.0 =
2 —10 220
S —15 H
215 —_ 2
< gg 2 1.5
1.0 1.0
05| 0.5
0.0
0.0 1 1 1 1
200 300 400 500 600 700
Wavelength(nm)

Fig.8 Effect of NaBH, on the degradation of eosin yellowish.
Reaction conditions: [Eosin yellowish]=2.0x10 mol/dm® and
[NaBH,]=3.4x 107 mol dm®

recorded as a function of time. Figure 8 shows that the aqueous
solution of eosin yellow sodium salt exhibits 3 week peaks
and one most intense peak at 254, 301, 342, and 517 nm,
respectively, for benzene ring, carbonyl group in the benzene
ring, -COOH group, and polycyclic conjugated aromatic chro-
mosphere. Therefore, the dye degradation was monitored at
517 nm for oxidative and photocatalytic decomposition. Inter-
estingly, NaBH, shows no effect on the spectrum of dye, which
remains same with respect to peak intensity and peak position
(Amax)- Thus, eosin yellow is stable with NaBH, solution for
ca. 30 min (Fig. 8). In the next experiment, AuNPs and NaBH,
added into dye solution, and decolorization was recorded at
different time intervals. Surprisingly, peak intensity decreased
very fast at 517 nm (Fig. 9), which might be due to the com-
bined effect of AuNPs and NaBH,. The apparent first-order
rate constant (k,,,) and degradation % were calculated by using
Egs. (14) and (15).

@ Springer

Fig.9 Degradation time-resolved UV—Vis spectra and optical images
of eosin yellow degradation by gold NPs in the presence of NaBH,.
Reaction conditions: [Eosin yellow]=2.0%X 10 mol dm™3, [gold
NPs]=(3.4x 10~ mol/L), [NaBH,]=3.4x 10> mol dm? (Color fig-
ure online)

1 A
e = 10(3)

Degradation ratio %

(14)

=<1_i
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Kinetic experiments were carried out at different
[NaBH,] ranging from 3.4 x 107 to 10.0x 10~ mol/L
with a fixed [eosin] (2.0 X 10~ mol/L), [AuNPs]
(3.4%x 10~ mol/L) and temperature (303 K). The &, val-
ues increases with [NaBH,] (Table 3). Figure 10a shows
that the dye decolorization follows excellent first-order
kinetics. Inspection of Fig. 10a and b indicates that the
rate of degradation strongly depends on the NaBH, at
constant AuNPs. At higher NaBH,, eosin yellow became
colorless completely with in ca. 15 min. Table 3 shows
that the [eosin], [AuNPs], and sun light irradiation have
significant effect on the decolorization of dye. In order
to determine the activation energy, enthalpy of activa-
tion, and entropy of activation, the effect of temperature
(from 303 to 323 K) was studied at fixed concentration
of dye (2.0x 107 mol/L), NaBH, (3.4 x 10~ mol/L), and
catalyst (3.4 X 10~* mol/L). The K,pp values increases with
temperature (Table 4). Arrhenius (Eq. 16; Fig. 11a) and
Eyring (Eq. 17; Fig. 11b) equations were used for the
calculation of activation parameters (energy of activation,
enthalpy (AH") and entropy (AS").

E, /1
Ink,, =-=¢(%) +n4 (16)

= TeTe_ RT (17

The E, was found to be 54.4 kJ/mol and 39.5 kJ/mol from
the slopes of Arrhenius plots for oxidative- and photocata-
lytic degradation of eosin dye. Lower value of activation
energy indicates that the sun light-assisted degradation is
fast than that of oxidative.
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Fig. 10 Apparent first-order [log(Absorbance) versus time (a)] and
degradation% versus time (b) plots for eosin yellow degradation

Table3 Effects of [NaBH,], 10°[NaBH,] 10*[AuNPs] 109[Eosin yellow] pH ) Sunlight
[AuNPs], pH and sunlight on (mol/L) (mol/L) (mol/L) radiation® 10°
the degradation of eosin yellow b Js
at 303 K app

0.0 3.4 2.0 6.7 0.0 0.2

3.4 0.0 2.0 8.3 0.0 0.0

3.4 3.4 2.0 8.3 15 55

6.2 3.4 2.0 8.5 1.9 73

8.3 3.4 2.0 8.6 3.0 8.6

10.0 3.4 2.0 8.6 3.4 10.1

3.4 3.8 2.0 8.3 22

3.4 42 2.0 8.3 2.9

3.4 3.4 12 8.3 0.8

3.4 3.4 3.4 8.3 2.8

3.4 3.4 3.4 8.3 35

4Sun light irradiation for 20 min
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Table4 Valuesofrate constant  poynera 1034, (s)  E, (kIfmol) AH* (kl/mol)  AS* (kIfmol)  Scavenger*  10° k. (s™))
and activation parameters for ture (K) PP PP
the degradation of eosin yellow
303 1.5(5.5) 54(39) 56(40) —18(—54) CH,0OH 0.8
313 3.0(10.2) KBrO, 0.5
323 6.1(14.3) KI 0.2
AO 1.2
BQ 1.1

AO ammonium oxalate and BQ benzoquinone

Sun light irradiation for 20 min

4.2 o

44 ~__

4.6 |- ~__

4.8 |- ~—
-5.0 |-
5.2
54 |-
5.6 |-
58 |-
-6.0 |-

——_E, =39.5kJ/mol

app)

In(k

Intercept slope R?
62 |—m— 1517 -6560 0.997
64 |—@—15.17 -4758  0.998
6.6 [
-6.8 |-

70 1 1 1 1 1
0.00305 0.00310 0.00315 0.00320 0.00325 0.00330
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E, = 54.5 kJ/mol

B
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IT)
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04| m 215 -6755 0.997
® 166 -4874 0.966

-0.8 -
I I I I I
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Fig. 11 Arrhenius (a) and Eyring (b) plots for the eosin yellow deg-
radation

3.7 Mechanism of dye degradation
Eosin participates in acid-base equilibrium and various

species exist in the solution (Scheme 8). The position of
wavelength maxima and intensity of peak depends on the

@ Springer

pH of the working conditions. Therefore, pH of the reaction
mixture (AuNPs + eosin + NaBH,) was recorded at different
time intervals, which was nearly constant (pH=28.7) dur-
ing the dye degradation (Table 3). Under our experimental
conditions, Y? is the major and reactive species of eosin
(Scheme 7).

Figure 9 clearly shows that the both AuNPs and NaBH,
would be essential for the eosin degradation. Surprisingly,
no dye degradation was observed in the presence of only
AuNPs and NaBH,. Thus, Scheme 8 is proposed for the
decolorization.

Scheme 8 represents the adsorption of dye (Y?~) and
BH,™ onto the surface of AuNPs. Hydrogen transported to
dye via the surface of AuNPs through electron relay effect,
which leads to the formation of eosin leuco form. Our results
are in agreement with the suggestions of Pal and his cowork-
ers regarding the role of metal NPs on the decomposition of
nitro compounds with NaBH, [55, 56].

To see insight into the catalytic role of sun light irradia-
tion, the effect of some radical scavengers (methanol, benzo-
quinone, potassium bromate, potassium iodide, and ammo-
nium oxalate) was studied to quench active oxygen radical
species (hydroxyl (OH, superoxide (~O=0), electrons (e"),
and holes (h*) [57]. The values of degradation rate constants
decreased upon addition of these scavengers (Table 3). It is
well known that molecular oxygen acts as an oxidant in the
photocatalytic degradation of organic compounds due to the
transfer of electrons from organic molecule to oxygen. The
generated species (OH and ~O=O0) due to the oxidation and
reduction of water and oxygen on the surface of AuNPs via
surface plasmon resonance effect (transition of 5d electrons
to the 6sp band) act as catalyst [46, 48, 58]. The resulted
‘OH and ~0O=0 are responsible to the photocatalytic decom-
position of eosin dye. AuNPs exhibited a SPR band at ca.
545 nm, which originates from the excitation of electrons
from 5d to 6sp (Scheme 9) [46, 48, 58].
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Scheme 7 Protonation of eosin dye in an aqueous solution

Scheme 8 Role of AuNPs on
the decolorization of eosin

E coo”
OBr Br
el O O +H,BO, +3H, + OH"
o o} OH
Br

Br
(Colorless; leuco form)

Scheme 9 Effect of sun light on the decomposition of eosin

4 Conclusion

We demonstrated a facile extraction of cyanidin 3,5-di-
O-glucoside from the red orange rose petals at room tem-
perature. The extracted cyanidin 3,5-di-O-glucoside was
used for the preparation of gold NPs with and without
cationic surfactant, CTAB. UV—Vis and TEM data indicate
that the HAuCl, forms a pale yellow colored complex with
ionized CTAB having nanoflower like morphology. The
controlled morphology of the gold NPs is presented by
adjusting the concentration ratio of HAuCl,, CTAB to cya-
nidin 3,5-di-O-glucoside. The cyanidin 3,5-di-O-glucoside

0=0 °

H*+ 'OH

Oxidation  Degradation products

and cyanidin-capped gold NPs exhibited excellent inhibi-
tory effect against S. aureus, E. coil, and candida fungus,
which might be due to the synergistic effect of gold NPs
and the presence of anthocyanin on the surface of NPs.
The eosin was used as a model dye to determine the oxi-
dative and photocatalytic activities of AuNPs. The k,,
value (3.4x 1073 s7!) obtained for the decolorization of
eosin with NaBH, was ca. three time lower than that of
sun light irradiation k,,,=10.1X 107 57! Low activa-
tion energy (39 kJ/mol) and moderate activation entropy
(- 54 JK~! mol™!) indicate the formation of highly dis-
order system on the surface of nanocatalyst due to the
generation of reactive oxygen radicals.
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