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Abstract The development of an eco-friendly protocol for the synthesis of nanomaterial is an

important aspect of research in nanotechnology. This is the first report describing a greener

approach for the extracellular synthesis of gold nanoparticles using Bacillus marisflavi YCIS MN

5. The addition of gold chloride solution into a cell-free extract (CFE) of B. marisflavi resulted

in the synthesis of gold nanoparticles at room temperature within 96 h. The biosynthesized gold

nanoparticles were thoroughly characterized by physicochemical characterization techniques. The

synthesized nanoparticles were found to be crystalline and spherical with an average size in the

range of �14 nm. The CFE acted both as reducing and stabilizing agents; hence, no additional cap-

ping and the stabilizing agents were needed. These gold nanoparticles were assessed for catalytic

reduction of Congo red and methylene blue. It was established that the reduction reaction follows

pseudo-first order kinetics with a reaction rate constant of 0.2192 and 0.2484 min�1 for Congo red

and methylene blue, respectively. Thus, the synthesized gold nanoparticles were found to show out-

standing catalytic activity in the degradation of Congo red and methylene blue. The degraded prod-

ucts were identified by Gas chromatography-mass spectroscopy (GC-MS) after the degradation of

Congo red and methylene blue. These results suggest B. marisflavi mediated synthesized gold

nanoparticles as a promising nano-catalyst in the degradation of Congo red and methylene blue.
� 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Metal nanoparticles have occupied the center of scientific attention due

to their fascinating chemical, optical and electronic properties. Among

them, gold nanoparticles have drawn remarkable research interest in

the recent years because of their higher stability and size related elec-

tronic, optical and spectroscopic properties (Njoki et al., 2007). They

have been widely applied in various fields (Saha et al., 2012; Versiani

et al., 2016). However, the synthesis of gold nanoparticles possessing

desired properties is an important task. More commonly

gold nanoparticles are synthesized using bottom-up strategies such as
adation.
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chemical reduction methods, using the reducing, protective and stabi-

lizing agents. These agents are mostly toxic, flammable (Rai et al.,

2011), may adsorb on the nanoparticles surface and also have adverse

effects in biological applications (Philip, 2010). Due to these limita-

tions, greener approach for the synthesis of nanoparticles is preferred.

Such synthesis of nanoparticles using biological approaches is facile,

eco-friendly and provides an easy way to achieve increasing global

need of clean, non-toxic and biocompatible nanoparticles.

Biological synthesis of nanoparticles using microbes has been of

special interest to the researchers because of easy handling procedures,

eco-friendly disposal and much easier downstream processing

(Velusamy et al., 2016). Among different microbes, bacteria possess

the innate ability to synthesize metal nanoparticles by reducing the

respective metal (Srivastava and Constanti, 2012). Recently, eco-

friendly synthesis of silver, selenium, titanium dioxide, and gold

(metal) nanoparticles using various bacterial strains such as, Bacillus

sp., B. amyloliquefaciens, B. clausii, and Azoarcus sp. has been reported

(Elbeshehy et al., 2015; Fernández-Llamosas et al., 2016; Khan and

Fulekar, 2016; Singh et al., 2016; Zhang et al., 2016).

Nowadays, various organic dyes are widely used in textile, food,

cosmetics, leather, paper and plastic industries for esthetic purposes.

Most of them are potentially hazardous and poses a great threat to

the environment. Congo red is the secondary diazo dye widely used

in textile industry. This dye is water soluble, highly stable and resistant

to biodegradation. Its bright red color affects the esthetic beauty of

aquatic environment as well. Methylene blue is another heterocyclic

aromatic azo dye increasingly used in paint production and textile

industries. It is a monoamine oxidase inhibitor (Cohen and Smetzer,

2016), and upon intravenous infusion it causes severe serotonin toxic-

ity (Gillman, 2006).

The treatment and removal of organic dyes from textile effluent is

one of the challenging tasks faced by the environmentalists and indus-

tries. Various physicochemical methods such as coagulation, adsorp-

tion on activated carbon, ultrafiltration, and reverse osmosis are

already in practice. However, these are ineffective and lead to the gen-

eration of new compounds which require further treatments. In the

recent years, modern technologies involving the use of nanocatalyst

in the removal of dyes and other organic pollutants from the environ-

ment are gaining considerable attention. The treatment of dyes in the

presence of biocompatible, eco-friendly nanocatalyst is the straightfor-

ward route which does not involve the use of organic solvents. In this

context, efforts were made to search for an eco-friendly source for the

synthesis of gold nanoparticles and to assess their role as a catalyst in

degradation of organic pollutant. Here we report, for the first time, a

facile and bacteriogenic route to synthesize gold nanoparticles using

Bacillus marisflavi YCIS MN 5 and proposed their potential catalytic

activity in the degradation of Congo red and methylene blue in the

presence of sodium borohydride (NaBH4).

2. Materials and methods

2.1. Chemicals and media

For this study, HAuCl4 (purity 99%), nutrient agar, and broth

were procured from Himedia laboratories Pvt., Ltd., India.
Congo red, methylene blue NaBH4, diethyl ether, CaCl2 and
methanol were obtained from Merck Pvt., Ltd., India. All
chemicals were of analytical reagent grade.

2.2. Biosynthesis of gold nanoparticles

The bacterial strain, Bacillus marisflavi YCIS MN 5 (hereafter

B. marisflavi) was isolated from estuarine water at Dabhol,
India. Molecular identification of the bacterial isolate was car-
ried out by 16S rRNA sequencing at Microbial Culture Collec-
Please cite this article in press as: Nadaf, N.Y., Kanase, S.S. Biosynthesis of gold na
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tion (MCC), Pune, India (refer Nadaf and Kanase, 2015). The
16S rRNA sequence was deposited in the NCBI Gene Bankit
nucleotide sequence database (accession number KP163987;

Nadaf and Kanase, 2015).
The pure culture of B. marisflavi was inoculated into the

sterile nutrient broth and incubated at room temperature for

24 h at 120 rpm. Further, the biomass was collected, washed,
suspended in sterile distilled water (DW) and agitated
(120 rpm) at room temperature for 24 h. The supernatant

(cell-free extract) collected after centrifugation was used for
the synthesis of nanoparticles. The equal volume of 1 mM
HAuCl4 solution was mixed with cell-free extract (CFE) and
agitated (at 120 rpm) in the dark at room temperature. Simul-

taneously, 1 mMHAuCl4 solution was maintained as a control
under similar conditions. To probe the role of biomolecules
(acting as reducing agents) present in the CFE, one set of

experiments was also performed where heat treated CFE was
challenged with 1 mM HAuCl4 solution. The formation of
gold nanoparticles was routinely monitored by visual inspec-

tion as well as recording the UV-Visible spectra of the reaction
mixture.

2.3. Characterization of the gold nanoparticles

The excitation spectrum of the biosynthesized gold nanoparti-
cle was measured at regular time intervals by UV-Visible spec-
trophotometer (Systronics Au-270 I) in the wavelength range

of 350–800 nm. The crystallographic information of gold
nanoparticles was obtained by X-ray diffraction (XRD) anal-
ysis on Bruker D8 ADVANCE diffractometer with CuKa
(1.5406 Å) radiation. The XRD was operated at 40 kV and
40 mA at a 2 theta range of 20–80�. Prior to XRD analysis,
the gold colloidal solution was centrifuged at 12,000 rpm for

20 min. The pellet was repeatedly washed and suspended in
DW. A dense film of this solution was deposited on a glass
slide by drop-casting and air dried to carry out the XRD anal-

ysis. The information about morphology and size of the gold
nanoparticles was obtained by field emission scanning electron
microscopy (FESEM, FEI Model-Nova NanoSEM 450). The
transmission electron microscopic (TEM) imaging of gold

nanoparticles deposited on the carbon-coated copper grid
was carried out under FEI Tecnai G2 U-Twin TEM at
200 kV. Dynamic light scattering (DLS, Nicomp 388 ZLS,

PSS Nicomp Particle sizing systems, Inc., USA) technique
was used to determine the particle size. Fourier transform
infrared (FTIR, Shimadzu FTIR 8400) spectroscopy was per-

formed over the range of 400–4000 cm�1 to investigate the
involvement of biomolecules in gold nanoparticles synthesis.

2.4. Catalytic activity of biosynthesized gold nanoparticles in the
degradation of Congo red and methylene blue

For catalytic decomposition of Congo red, 1 ml of freshly pre-
pared NaBH4 (0.150 M) solution was mixed with 1 ml of

Congo red (1 mM), the total volume adjusted to 3 ml with
DW. 500 ll of gold nanoparticles solution (50 lg/ml) was
added to the above solution and gently mixed (Mata et al.,

2015). The reaction mixture without gold nanoparticles was
kept as control. UV-Visible absorbance spectra were recorded
in the range of 300–700 nm at 5 min time interval in UV-vis

spectrophotometer. For methylene blue catalytic degradation,
noparticles by Bacillus marisflavi and its potential in catalytic dye degradation.
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Figure 1 The UV-visible spectrum of a colloidal solution of gold

nanoparticles synthesized using B. marisflavi showing strong SPR

peak at 560 nm.

Biosynthesis of gold nanoparticles and its potential 3
5.77 ml of DW was added to 30 ll of 0.01 M methylene blue
and 200 ll of 0.1 M NaBH4. Further 200 ll gold nanoparticles
(50 lg/ml) solution was added to this reaction mixture. The

content was mixed and observed for color change
(Narayanan and Park, 2014). The time-dependent reduction
of dyes was quantitatively measured by recording UV-visible

spectra in the range of 500–800 nm at a 1 min time interval.
The control without gold nanoparticles was also monitored
for color change.

2.5. Gas chromatography mass spectroscopy (GC-MS) analysis

of degraded dyes

To study the formation of metabolites upon catalytic degrada-
tion of Congo red and methylene blue, the decolorized solution
of both dyes was centrifuged to remove catalyst particles. The
supernatant obtained was extracted thrice with an equal vol-

ume of diethyl ether using a separating funnel. The solvent
phase was collected, dried over CaCl2, and dissolved in HPLC
grade methanol. The GC-MS (Shimadzu GCMS-TQ 8030;

Rtx 5M S) analysis was conducted in temperature program-
ming mode with ionization voltage of 70 eV. The initial col-
umn temperature was 80 �C for 2 min then increased linearly

at 10 �C min�1 to 280 �C and held for 7 min. The temperature
of the injection port was 280 �C and the GC-MS interface was
maintained at 290 �C. Helium was used as carrier gas with a
flow rate of 1.0 ml min�1.
3. Results and discussion

3.1. Biosynthesis of gold nanoparticles

In this study, the previously isolated bacterial strain, B. maris-

flavi (Nadaf and Kanase, 2015) was used further to investigate
its ability to synthesize gold nanoparticles. The extracellular
synthesis of gold nanoparticles using CFE was verified by

the gradual color change from pale yellow to bluish purple.
The color developed within 24 h, and the intensity of color
increased up to 96 h. The blue-violet coloration (Supplemen-

tary Fig. 1b) is due to the surface plasmon resonance (SPR)
which indicates the formation of gold nanoparticles. The con-
trol tube containing heat-treated CFE with 1 mM HAuCl4
(Supplementary Fig. 1a) and only 1 mM HAuCl4 solution

(data not shown) remained pale yellow. The control tube con-
taining heat-treated CFE with 1 mM HAuCl4 remained pale
yellow most probably due to the denaturation of the biomole-

cules. This suggests the role of biomolecules specifically pro-
teins in the synthesis of gold nanoparticles.
Figure 2 FESEM images of gold nanoparticles (a) at a magni-

fication of 100,000� and (b) at a magnification of 200,000�.
3.2. Characterization of the gold nanoparticles

UV-visible spectroscopy is a useful technique to study the
kinetics of the formation of gold nanoparticles. The results

showed the absorption peak at 560 nm, the intensity of which
increased gradually with time. The complete reduction of Au
ions took place in 96 h (Fig. 1). The occurrence of an absorp-
tion peak in the range 500–600 nm indicates the formation of

the gold nanoparticles which may be due to excitation of
SPR (Baharara et al., 2016). Previous studies showed the
appearance of the resonance peak of gold nanoparticles
Please cite this article in press as: Nadaf, N.Y., Kanase, S.S. Biosynthesis of gold na
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around this region, but the exact position may vary due to

certain factors such as size and shape of the nanostructures
(Hu et al., 2006). The stability of gold nanoparticles was also
noparticles by Bacillus marisflavi and its potential in catalytic dye degradation.
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Figure 3 TEM images of biosynthesized gold nanoparticles (a–c) under different magnifications; (d) corresponding SAED pattern of

biosynthesized gold nanoparticles.

Figure 4 Hydrodynamic particle size measurement using DLS

(volume weighted) technique.
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studied by recording the UV-Visible spectra over a longer per-
iod of time. It was observed that the synthesized gold nanopar-

ticles were stable for one month without shift in peak.
However after one month, the red shift in peak position was
observed (Fig. 1). To gain further insight into the formation

and crystallinity of synthesized gold nanoparticles, the XRD
Please cite this article in press as: Nadaf, N.Y., Kanase, S.S. Biosynthesis of gold na
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analysis was performed. The four prominent Bragg’s peaks
appeared over the range of 2 Theta values from 20� to 80�.
The pattern showed diffraction peaks at 38.20�, 44.28�,
64.66�, 77.72� corresponding to (111), (200), (220) and

(311) planes, respectively. These peaks in the spectrum are
specific to gold nanoparticles (Supplementary Fig. 2) revealing
the face-centered cubic (FCC) crystal system, which matched

well with the standard data file (JCPDS file no 04-0784). These
results substantiate well with the gold nanoparticles synthe-
sized using Klebsiella pneumoniae (Malarkodi et al., 2013).

The absence of any other peak confirmed the high purity of
synthesized gold nanoparticles. The peak broadening (Supple-
mentary Fig. 2) is an indication of the smaller size of nanopar-

ticles which is confirmed by calculating the crystallite size using
the Scherrer’s formula. The crystallite size was found to be
�14 nm for the peak based on the highest intensity (111)
plane.

The gold nanoparticles were subjected to FESEM imaging
to ascertain the morphological features. Low magnification
image (Fig. 2a) shows the formation of spherical nanoparticles

of size 8–30 nm. At higher magnification (Fig. 2b) the spherical
gold nanoparticles were clearly observed. FESEM reveals that
the spherical gold nanoparticles are embedded in biomatrix.

Each spherical particle is made up of an aggregate of even
noparticles by Bacillus marisflavi and its potential in catalytic dye degradation.
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Figure 5 FTIR spectra of (a) cell free extract and (b) gold

nanoparticles.

Biosynthesis of gold nanoparticles and its potential 5
smaller nanoparticles. TEM analysis confirmed the formation

of almost spherical gold nanoparticles (Fig. 3a–c). The selected
area electron diffraction (SAED) analysis revealed crystalline
nature of nanoparticles exhibiting bright spots with lattice

spacing corresponding to (111), (200), (220), and (311)
planes of the FCC lattice of gold (Fig. 3d). The presence of
bright spots in TEM images indicated the formation of extre-

mely small nanocrystalline particles. The size of the particles
was found to be in the range of 12–30 nm.

The particle size analysis using DLS revealed the presence
of gold nanoparticles in the size range of 10–50 nm (Fig. 4).
Figure 6 A plausible mechanism of the formation and stabilization

marisflavi.
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Maximum nanoparticles lie between the size range of 10–
20 nm with an average particle size of 13.5 ± 0.2 nm (vol.
73.21%). However, a few gold nanoparticles were found to

be in the range of 20–50 nm with average particle size of
41.6 ± 9.7 nm (vol. 26.79%). This size of gold nanoparticles
was larger than that observed in FESEM image (Fig. 3), which

may be because DLS measures the hydrodynamic size (which
is the size of the metallic core along with the coating material)
(Adavallan and Krishnakumar, 2014). The presence of a few

bigger size nanoparticles can be attributed to the agglomera-
tion of gold nanoparticles. This agglomeration may be due
to the lesser coating of the capping agent on the nuclei (which
have been formed at the later stage of nucleation and growth).

The sizes obtained from XRD, DLS, FESEM and TEM
were compared. It was observed that the average crystallite
size obtained from DLS (13.5 nm) matches well with the crys-

tallite size calculated from XRD (14 nm). Moreover, the parti-
cle size measured from FESEM images (8–30 nm)
corroborates with that of TEM images (12–30 nm).

FTIR measurements of the CFE and CFE mediated gold
nanoparticles can provide the information regarding the chem-
ical change of the functional groups involved in the reduction

of gold ions into gold nanoparticles (Fig. 5a and b). The IR
spectrum of CFE showed distinct peaks at 3121 cm�1,
2889 cm�1, 1639 cm�1, 1523 cm�1, 1332 cm�1 and 1065 cm�1

(Fig. 5a). The peak at 3121 cm�1 may be attributed by N-H

bending vibrations in amines. The peak at 2889 cm�1 could
be due to C-H stretching vibrations in aldehydes. The peaks
located at 1639 and 1523 cm�1 assigned to N-H bending vibra-

tions in primary and secondary amines, respectively. The
absorption band at 1332 cm�1 may be due to stretching vibra-
tions of C-N aromatic functional group of proteins. The IR

spectrum of CFE mediated gold nanoparticles showed peaks
at 3738 cm�1, 3279 cm�1, 1647 cm�1, 1514 cm�1, 1458 cm�1

and 1240 cm�1 (Fig. 5b). The comparison of IR spectra of
of gold nanoparticles by the proteins present in the extract of B.

noparticles by Bacillus marisflavi and its potential in catalytic dye degradation.
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CFE with CFE mediated gold nanoparticles revealed that
bands at 2889 and 1332 cm�1 in CFE were found to be masked
in nanoparticles (Fig. 5b). This indicates that gold nanoparti-

cles were in conjugation with aldehydes and functional groups
of proteins. The slight shift in the peaks of functional groups to
lower frequencies indicates that it might be involved in interac-

tions with another group, thus confirming the capping mecha-
nism (Kitching et al., 2015). In IR spectra, the shift in amino
and carbonyl group of proteins present in CFE was observed

(Fig. 5a). These results are in agreement with the previous
report (Sarkar et al., 2012). The plausible mechanism of the
formation of gold nanoparticles is shown in Fig. 6.
3.3. Catalytic activity of biosynthesized gold nanoparticles in the
degradation of Congo red

The catalytic activity of biosynthesized gold nanoparticles in

the presence of NaBH4 was investigated by monitoring the
Figure 7 (a) UV-Visible absorbance spectra showing the degra-

dation of Congo red using NaBH4� in the presence of gold

nanoparticles (b) Plot of ln (At/A0) versus time for the catalytic

degradation of Congo red by biosynthesized gold nanoparticles.

Figure 8 (a) UV-Visible absorbance spectra for the degradation

of methylene blue using NaBH4� in the presence of gold

nanoparticles (b) Plot of ln (At/A0) versus time for the catalytic

degradation of methylene blue by biosynthesized gold

nanoparticles.
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characteristic absorption peak at 486 nm in a UV-visible spec-
trophotometer (Fig. 7a). Interestingly, upon addition of gold
nanoparticles into the mixture of Congo red and NaBH4, grad-

ual degradation of Congo red took place. The color of the
solution changed from red to colorless within 20 min. During
the reduction reaction, a gradual decrease in peak intensity
(kmax) at 486 nm was noticed. Within 20 min, the peak at

486 nm diminished, which indicates the degradation of Congo
red. The SPR peak specific for gold nanoparticles was not seen
in the UV-visible spectra of catalytic studies. This might be due

to the presence of a very small quantity of nanoparticles with
low concentration.

As the concentration of BH4
� was in much excess than

Congo red, it was considered that the concentration remained
constant throughout the reduction reaction. Hence, the reduc-
tion reaction was supposed to follow pseudo-first-order kinet-

ics. A good linear correlation between ln (At/A0) and time was
noparticles by Bacillus marisflavi and its potential in catalytic dye degradation.
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Table 1 Possible structures based on GC-MS data.

Dyes Retention time Possible structure of degraded dyes m/z References

Congo red 21.88 167 Natarajan et al. (2011)

16.33 143 Natarajan et al. (2011)

Methylene blue 18.22 149 Lin et al. (2015)

Figure 9 Mass spectra of degraded products of Congo red.

Biosynthesis of gold nanoparticles and its potential 7
observed. From the plot of ln (At/A0) vs time, the rate constant
(K) value was calculated to be 0.2192 min�1 (Fig. 7b). The
biosynthesized gold nanoparticles showed 98% Congo red

degradation in the presence NaBH4 within 20 min. In control,
the Congo red degradation rate was found to be very slow with
rate constant 0.0013 min�1 (Supplementary Fig. 3a and b). In
the similar study carried out by Mata et al., (2015), degrada-

tion of Congo red took place within 40 and 60 min in the pres-
ence of 0.2 ml gold nanoparticles of size �29 nm and �16 nm,
respectively.

3.4. Catalytic activity of biosynthesized gold nanoparticles in the

degradation of methylene blue

Methylene blue is known to show maximum absorption band
at 664 nm in an aqueous medium due to n-p* transition with
shoulder peak at 614 nm (Cheval et al., 2012). The color of

methylene blue is blue in an oxidized state and upon reduction,
a colorless compound which is leuko methylene blue gets
formed. When colloidal solution of gold nanoparticles was
mixed with methylene blue and NaBH4 solution, decoloriza-

tion of methylene blue was observed. The completion of cat-
alytic degradation of the dyes is considered when the
absorbance value of methylene blue reached the baseline.

The UV-visible spectroscopic study revealed the role of gold
nanoparticles as a catalyst in the degradation of methylene
blue by NaBH4 (Fig. 8a). The absorption spectrum shows
Please cite this article in press as: Nadaf, N.Y., Kanase, S.S. Biosynthesis of gold na
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the gradual decrease in a peak at 664 nm as a function of time.
The degradation reaction kinetics followed the pseudo-first
order reaction with a good linear correlation of ln (At/A0) vs.

time (min). From the plot of ln (At/A0) vs. time, the rate con-
stant (K) value was calculated to be 0.2484 min�1 (Fig. 8b).
The biosynthesized gold nanoparticles showed 88% methylene
blue degradation by NaBH4 within 10 min, and complete cat-

alytic degradation occurred within the next one minute. In the
case of control, the time required for methylene blue degrada-
tion was far more with rate constant 0.0057 min�1 (Supple-

mentary Fig. 4a and b).
Narayanan et al. (2015) demonstrated the reduction of

methylene blue using intracellularly synthesized gold nanopar-

ticles of size range few nanometers to 20 nm in the presence of
NaBH4 and the reduction process was reported to be com-
pleted within 23 min. However, Mata et al., (2015) observed

the complete degradation of methylene blue occurred within
70 and 40 min by spherical gold nanoparticles of size
�29 nm and �16 nm, respectively. Narayanan and Park
(2014) also reported that the catalytic reduction of methylene

blue using gold nanoparticles of average size �32 nm in the
presence of NaBH4 required 18 min. In comparison with these
reports, our biosynthesized gold nanoparticles assist faster

degradation of methylene blue in the presence of NaBH4 and
hence can be used as superior nanocatalyst.

Gold nanoparticles help the electron relay from donor to

the acceptor. The probable explanation of the catalytic activity
noparticles by Bacillus marisflavi and its potential in catalytic dye degradation.
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Figure 10 Mass spectra of degraded products of methylene blue.
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of gold nanoparticles may be due to the fact that smaller size
gold nanoparticles show greater surface area and facilitate

the adsorption of dye and reducing agent BH4
- . These gold

nanoparticles act as donor as well as acceptor of electrons
and help the electron relay (promotes the extent of reaction)

in a redox reaction, hence transfer the surface hydride ions
(donor) to the acceptor (dye/methylene blue/Congo red)
(Mallick et al., 2006; Narayanan and Sakthivel, 2011;

Wunder et al., 2011). Therefore, in the Congo red and methy-
lene blue reduction reactions, our biosynthesized gold
nanoparticles due to smaller particle size act as a potential cat-

alyst by taking part in electron transfer process.

3.5. Gas chromatography-mass spectroscopy (GC-MS) analysis
of degraded dyes

The analysis of degradation of Congo red and methylene blue
using gold nanoparticles was carried out by GC-MS (Table 1).
The GC-MS analysis revealed that the formation of intermedi-

ate metabolites upon breakdown of Congo red gives rise to sig-
nals at m/z = 143 and m/z = 167 (Fig. 9). These metabolites
were identified as a naphthylamine and phthalic acid, respec-

tively. These intermediates match with those shown in the pro-
posed pathway of degradation of Congo red (Natarajan et al.,
2011). The intermediate products formed after degradation of

methylene blue showed signal at m/z = 149 and it was identi-
fied as 2- methyl benzothiazole (Fig. 10). This product formed
can be correlated to the intermediate product formed in the
studies of degradation of methylene blue (Lin et al., 2015). It

is clear from the GC-MS results that the gold nanoparticles
catalyzed the degradation of Congo red and methylene blue
into low molecular weight compounds.

4. Conclusion

In this study eco-friendly synthesis of gold nanoparticles using an estu-

arine isolate, Bacillus marisflavi is reported for the first time. The

biosynthesized gold nanoparticles were thoroughly characterized by

UV- visible spectroscopy, XRD, FESEM, TEM and DLS which

revealed spherical, face-centered cubic structures of gold nanoparticles

having size �14 nm. The catalytic study confirms the potential of

biosynthesized gold nanoparticles in the degradation of Congo red

and methylene blue. GC-MS analysis further confirmed degradation

of Congo red into a naphthylamine and phthalic acid and methylene

blue to 2-methyl benzothiazole.
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