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In the present study, fluorescent gold nanoparticles (Flu Au-NPs) were synthesized via simple and ecofriendly green route using
extract of brown algae Sargassum longifolium (S. longifolium). Characterization of synthesized Au-NPs was undertaken. The
characteristic absorption peak of Au-NPs was in range 530 nm in UV-vis spectrum. Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) allow the visualization of the morphological and structural character of Au-NPs. The
mean particle size was calculated to be 17-50 nm. Energy dispersive X-ray spectroscopy analysis (EDAX) confirmed the
presence of pure gold in the synthesized Au-NPs. The X-ray diffraction (XRD) pattern showed the face-centered cubic (FCC)
nature of Au-NPs. Fourier transform infrared spectrometer (FT-IR) showed the characteristic peaks of different
biocomponents in the brown algae S. longifolium extract which acted as stabilizing or capping agents of Au-NPs.

1. Introduction

Gold nanoparticles (Au-NPs) has been considered a very
important and suitable tool in nanotechnology owing to
their easier bioconjugation or surface functionalization, sta-
bility, and biocompatibility [1]. Moreover, they have been
widely applied in various fields especially in medicine, bio-
medicine, and biology such as drug delivery application to
target cancer cell and immunoassays [2, 3]. However, the
identification of intracellular Au-NPs could be only used
by transmission electron microscopy (TEM). Cell particles
imaging by TEM generally includes a complex of ground

work procedures such as cells fixation, staining, and dehy-
dration [4]. Confocal laser scanning microscopy could be
applied as an alternative technique which confirmed the
detection of labelling biomolecules with fluorophore into
the cells. Moreover, Au-NPs could be detected using confo-
cal microscopy whether it was coupled with a fluorescent
materials. Fluorescence from organic dye could lead to be
quenched by energy transference from Au-NPs [Mei-Hui
et al., [5], Theresa et al., [6]. Moreover, the combination of
fluorophore and Au in a single NP, which maintain the elec-
trical and optical properties of both, could be useful for
interfacing with biological systems, reducing nanotoxicity,
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modulating electromagnetic fields, multimodal bioimaging,
and contacting nanostructures [4, 7, 8]. Au-NPs and rhoda-
mine 6G dye (Rh 6G) were ones of the important metal NP-
dye composite system in which the localized surface plas-
mon resonance band of Au-NP of 530nm significantly over-
laps with the absorption and emission bands of the dye of
525nm and 550 nm, respectively. This synergistic interac-
tion between the Au-NPs and the Rh 6G dye has found to
be useful for different applications like surface-enhanced
Raman scattering [9], detection of environmental pollutant
[10], and optical molecular spectroscopic ruler [11].

Au-NPs like other metallic nanoparticles have been syn-
thesized by various approaches such as physical, chemical,
and biological methods. In the chemical method, mostly toxic
agents have been used as reducing and stabilizing agents for
NPs’ synthesis [12–14]. Nevertheless, these agents caused
undesirable toxic effect especially when applied in biomedicine
area [15, 16]. Because on the above-mentioned disadvantages,
scientists have focused in biosynthesis of NPs using eco-
friendly, nontoxic, and lower-cost agents in the synthesis
[17]. In this context, green synthesis was an alternative
method that used biological material to prepare NPs and con-
tributed to the association between nanobiotechnology and
biocompatible systems [18, 19]. Many naturally biological sys-
tems, including bacteria, fungi, plants, and algae, have been
employed in the biosynthesis of NPs [19–22]. These biological
materials possess different biological entities which conduct as
both reducing and capping agents in NP fabrication [23, 24].
Green synthesis of metal NPs by using heterocyclic com-
pounds gained more attention due to their important sources
of active phytochemicals which served as bionanofactories
[25]. Moreover, synthesis of NPs using algae is easy to handle,
with high stability and eliminate cell maintenance [26]. In
recent times, several studies have reported the use of algae
extract such as Turbinaria conoides [27], Sargassum wightii
[28], Stoechospermum marginatum [29], and Laminaria
japonica [30] in green synthesis of Au-NPs.

Sargassum longifolium (S. longifolium), a brown algae,
was a member of genus Sargassum and family Sargassaceae.
It was widely distributed along Japan and the coasts of
Korea, and it has been used in traditional medicine and as
food in China and Korea for a long period. In recent years,
different physiological properties, such as anti-inflamma-
tory, antioxidant, anticancer, neuroprotective, hypopigmen-
tation, and hepatoprotective, have been reported from
in vitro and in vivo studies using S. longifolium extract. It
has been mentioned that Sargassum species are rich in major
bioactive molecule, like phlorotannins, meroterpenoids,
fucoxanthins, and fucosterols which are involved in anti-
inflammatory and antioxidant properties. Therefore, in this
study, the extract from S. longifolium was used as a reducing
and capping agent to green synthesize Au-NPs. The green-
synthesized Au-NPs were then used for investigation of fluo-
rescence quenching of Rh 6G dye. It was reported that the
fluorescence quenching of Rh 6G dye by Au-NPs was a
result of the formation of a dye-Au-NPs complex. According
to our knowledge, the ability of synthesis Au-NPs utilizing S.
longifolium extract and in the absence of sodium borohy-
dride (NaBH4) for quenching of Rh 6G dye fluorescence is

not reported previously. The quenching fluorescence from
the Rh 6G and Au-NPs mixture was recovered in the pres-
ence of the bovine serum albumin (BSA) protein as a probe.
Over the past several years, gold nanoparticles are gaining
enormous attention owing to its physicochemical as well as
electrical and optical properties. Natural biotemplates, pro-
teins, peptides, and herbal components play an impactful
role in the development of gold nanoparticles; in this direc-
tion, synthesis of Au-NPs using marine components is one
of the frontiers of research. Florescence is a significant probe
for imaging, sensing, and cancer therapeutics; hence, bio-
conjugated gold nanoparticles may rule the medical society
with its peculiar properties [31, 32].

2. Materials and methods

2.1. Chemicals. All the chemicals and reagents used in this
study were of analytical grade and were purchased from
Sigma-Aldrich. All the experimental work was carried out
with the assistance of double-distilled water.

2.2. Sample Collection and Preparation of Aqueous Seaweed
Extract. Sargassum longifolium, brown seaweed, was col-
lected from coastal areas of Gulf of Mannar (Tamil Nadu,
India, latitude 9.1278° N and longitude 79.4662° E) region
during low tide in sterile polythene bags and brought to
the laboratory. Collected samples were stored at −10°C,
and after manually cleaning, the macroalgae was washed
for a few times with distilled water to remove any unwanted
debris. The algae were dried in air at room temperature until
constant mass was obtained. The algal extract was prepared
according to the methodology described by Kumar et al. [33]
with slight modifications. Briefly, the air-dried seaweeds
were grinded into powder using an ordinary grinder. Ten
grams of the grinded algae was mixed with 100mL of deion-
ized water and boiled at 60°C for 30min. Then, the boiled
extract was filtered through nylon mesh cloth and the col-
lected supernatant was stored at 4°C for nanoparticles
synthesis.

2.3. Synthesis of Gold Nanoparticles using Seaweed Extracts
of Sargassum longifolium. Synthesis of the gold nanoparticles
was performed according to the methodology of Rajeshkumar
et al. [7]. Typically, 10mL of pure algal extract solution was
mixed with aqueous solution of 90mL of 1mM tetrachloroau-
ric acid (HAuCl4) solution and kept at room temperature
under constant magnetic stirring at 200 rpm. A color change
of the solution was observed visually and UV-vis spectroscopy
at different time points and absorbance in the respective wave-
length authenticating the presence of gold nanoparticles.

2.4. Purification and Characterization of Synthesized Gold
Nanoparticles. The bioreduction of gold ions (Au3+) in aque-
ous solution using algae extract was monitored by double
beam UV-vis spectrophotometer at different wavelengths
from 4000 to 700nm (Perkin Elmer, Singapore). Green-
synthesized gold nanoparticles were purified by distilled
water by repeated centrifugation at 10,000 rpm for 15min,
and the purified gold particles were dried in hot air oven
and stored for further characterization. The crystal nature
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Figure 1: Visual observation of Au-NPs synthesis using S. longifolium algae extract: (a) 1mM of gold chloride, (b) algal extract, and (c)
synthesized gold nanoparticles.
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of the purified gold nanoparticles was analyzed by powder
X-ray diffractometer (Bruker, Germany; model: D8
Advance). The morphology and particle size distribution
were characterized by transmission electron microscope
(TEM). The samples for TEM analysis were prepared by
drop coating the gold nanoparticle solution on carbon-
coated copper grid and leaving them to dry at room temper-
ature. TEM was scanned by a Philips CM 200 model set at
an accelerating voltage of 200 kV. The shape and the elemen-
tal composition were analyzed by coupling between a scan-
ning electron microscope (SEM) and an energy dispersive
X-ray spectroscopy (EDAX) using Philips EDS attached with
SEM machine. The functional biomolecules present in the
seaweed responsible for the gold nanoparticles formation
were characterized by FT-IR (Perkin-Elmer, model 297 IR
spectrophotometer). The dried gold nanoparticles were
compressed with KBr into thin pellets and measured at the
wavelength range from 4000 to 400 cm−1.

2.5. Preparation of Fluorescent Gold Nanoparticles. The
methodology for the preparation of gold nanoparticles using
seaweed extract has been adapted as mentioned previously.
Briefly, 5mL of pure seaweed extract solution was mixed
with aqueous solution of 15mL of 1mM tetrachloroauric
acid (HAuCl4) solution. Then, the solution was kept over-
night with constant stirring. The formation of dark pinkish
colour indicates the synthesis of gold nanoparticles. For the
synthesis of fluorescent gold nanoparticles, 10% of 5mL rho-
damine 6G dye solution was added to the prepared gold
nanoparticles solution and kept in magnetic stirrer over-
night. After mixing, the reaction mixture was centrifuged
at 7500 rpm for 15min. Afterwards, 0.1mg of bovine serum
albumin (BSA) was added to the solution and stirred over-
night. Finally, the mixture was centrifuged at 7500 rpm for

15min and the obtaining pellet was dried in hot air oven.
The formation of fluorescent gold nanoparticles was ana-
lyzed by using UV-vis spectroscopy and inverted fluorescent
microscope (Leica Microsystems Italia, Milan, Italy).

2.6. Bioconjugation of Antibody with Green-Mediated
Fluorescent Gold Nanoparticles. One milliliters of the pre-
pared fluorescent gold nanoparticles was added to 500μL
of BSA solution under the vortex mixing conditions by a
vortex mixer. Then, the solution was centrifuged at
7500 rpm for 15min. After that, from the collected pellet,
100μL of fluorescent gold nanoparticles were taken and
10μL of antibody was added from the kit, and the mixture
was incubated for overnight at an incubated shaker. After
incubation, the conjugated antibody with green-mediated
fluorescent gold nanoparticle was viewed using a Leica fluo-
rescence microscope (Leica Microsystems Italia, Milan,
Italy).

3. Results and Discussion

3.1. Visual Identification. Reduction of gold ions to Au-NPs
was visually identified by color change from 1h to pinkish
red in the aqueous solution of reaction mixture within
10min of incubation time (Figure 1). The appearance of
pinkish red color was due to the excitation of surface plas-
mon vibrations (SPRs), typical of Au-NPs [28]. The color
change depended on the incubation time. The deep pinkish
red color for Au-NPs was attained at 24 h indicating that
the color intensity was gradually increased when the
increased time of incubation. Furthermore, the Au-NPs’ for-
mation by the algae extract was confirmed using UV-vis
spectroscopy at different wavelengths.
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Figure 2: UV-vis spectra recorded the formation of Au-NPs in the reaction mixture of S. longifolium algae extract and HAuCl4 at different
time intervals showing the peak at 530 nm.
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3.2. UV-Vis Spectroscopic Analysis. Figure 2 shows the UV-vis
spectra of the reaction mixture of gold chloride solution with S.
longifolium extract that was exposed with different time inter-

vals such as 1h, 2h, 3h, 4h, 5h, 8h, 12h, 24h, and 48h. Herein,
the peak was observed at 530nm which indicates the presence
of Au-NPs, which was synthesized by S. longifolium algae
extract. The peak was raised due to the consequence of SPR
[28]. All the peaks were nearly in the first hour peak denotes
that after the first hour, the reaction rate was slowly decreased
and most of the reaction of nanoparticles synthesis was com-
pleted within one hour. After 24h, the peak was decreased indi-
cating that there is no reaction in the mixture. Figure 3
explicates the absorption spectra of gold nanoparticles and bio-
conjugated nanoparticles. Generally, absorbance varies with
respect to size in the case of gold nanoparticles [34]. The inten-
sity of peaks observed in UV-vis plot remains the same for all
time intervals clearly indicating the stability of the gold nano-
particles synthesized using marine brown algae. Surface plas-
mon absorption indicates the particulate nature; here, λmax is
increased in bioconjugated gold nanoparticle (560nm) than
that of the host material (Au-NPs 525nm), which indicates
the enhanced particle growth of bioconjugated gold nanoparti-
cles [35].

3.3. TEM Analysis. The TEM analysis was performed to
identify the morphology of synthesized Au-NPs by algae
extract. TEM images indicated the formation of
monodispersed-spherical shaped Au-NPs with an average
size of nearly 17-50 nm (Figure 4). In this study, the forma-
tion of monodispersed nanoparticles was dependent on the
presence of biochemicals in the green materials used for
the synthesis of Au-NPs [36, 37].

3.4. XRD Analysis. The XRD spectra was used for the confir-
mation of crystalline nature of the Au-NPs synthesized by
using marine brown algae extract, and the pattern is exhib-
ited in Figure 5. The spectrum of XRD clearly indicated that
the synthesized Au-NPs are crystalline in nature. The Bragg
reflections of Au-NPs that were observed at 2Θ values of
38.36, 44.13, 64.78, and 77.98 were corresponding to the lat-
tice planes (1 1 1), (2 0 0), (2 2 0), and (3 1 1), respectively,
which was indexed for FCC gold. The obtained Bragg peaks
were compared with pure crystalline gold standard pub-
lished by Joint Committee on Powder Diffraction Standards
(JCPDS), USA (file no. 04-0784). Additionally some small
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Figure 5: XRD spectra of Au-NPs synthesized using S. longifolium
algae extract.
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Figure 3: UV-vis spectra of synthesized Au-NPs and
bioconjugated Au-NPs.

Figure 4: TEM images of Au-NPs synthesized using S. longifolium
algae extract at 200 nm scale bar showing spherical-shaped
nanoparticles.
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Figure 6: SEM images of Au-NPs synthesized using S. longifolium
algae extract.
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amorphous peaks were present in the spectra that may be
due to less biochemicals of the stabilizing agent which were
enzymes or proteins in the marine brown algae S. longifo-
lium extract. This result was in agreement with the previous
report of Rajathi et al. [29] and Rajeshkumar et al. [19] that
used brown algae Stoechospermum marginatum and Turbi-
naria conoides, respectively, for Au-NPs biosynthesized.

3.5. SEM Analysis. Scanning electron microscope (SEM) was
one of the significant tools to identify the shape of the nano-
particles. The structure of the synthesized Au-NPs was exhib-
ited in Figure 6. The Au-NPs synthesized by the marine brown

algae S. longifolium extract were predominantly spherical in
shape. Figure 6 shows also the aggregation of the particles
and form a bulk-like structures. This aggregation of nanopar-
ticles was acquired because of the biomolecules of algae, and in
the nanoparticles background, some large sized undefined
shaped structures found to be a biomolecules attached with
the nanoparticles. This report was well matched with the
report of UV-vis spectra. In S. longifolium algae extract, the
reduction of gold metal ions in to Au-NPs was obtained from
30min to 1hr. After 1 hr, the growth of nanoparticles was not
developed that much in terms of size and the same spherical
shaped Au-NPs [38].
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Figure 7: EDAX analysis of S. longifolium algae extract-assisted synthesis of Au-NPs.
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3.6. EDAX Analysis. EDAX analysis was carried out to detect
and quantify the elemental composition in the reaction mix-
ture that can be involved in the synthesis of Au-NPs.
Figure 7 shows an intense signal at 3 keV which is typical
for the absorption of metallic Au-NPs due to surface plas-
mon resonance. EDAX is authenticating the material forma-
tion by exhibiting the presence of Au, O, and C elements.
The other peaks present in the EDX spectrum show the
metals of and ingredients of marine brown seaweed used
to synthesize gold nanoparticles synthesis. The presence of
strong signals X-rays to exhibit the presence of gold nano-
particles was quantified through energy-dispersive X-ray
spectroscopy.

3.7. FTIR Analysis. FTIR measurement was performed to
identify the functional biomolecules in the S. longifolium
extract responsible for the reduction of gold ions and the sta-
bilization of the synthesized Au-NPs. FTIR spectra ensured
functional groups of S. longifolium extract involved in the
biosynthesized Au-NPs (Figure 8). The band observed at
3,435 cm−1 corresponded to the presence of O-H bond
stretching in polyphenol and alcohols [39], the absorption
band at 2,928 cm−1 was attributed to C-H stretching vibra-
tions of the alkanes group, the band at 1,653 cm−1 indicates
the presence of amide I, the band at 1,400 cm−1 corre-
sponded to C-C stretching aromatic rings, the band at
1,241 cm−1 corresponded to C-O stretching carboxylic acid
group, the peak at 1,039 cm−1 was due to the presence of
C-N stretching vibration of aliphatic amine of proteins
[40], and 796 cm−1 was assigned to S-O stretching of sulfo-
nates. The weak bands at 651 and 572 cm−1 correspond to
alkyl halides. This result confirms that the carbonyl group
from proteins or amino acids has high ability to bind metal
thus the enzymes or proteins could be mostly possible to cap
the metal NPs. This suggestion reveals that amide linkage
protein molecules and sulfonated polysaccharide compound
could possibly be engaged in the reduction of gold ions to
NPs and the stabilization of Au-NPs in the medium.

Gold nanoparticle is one of the unique materials which
exhibit fluorescence behavior [41]; plasmonic property of

these nanoparticulates gained significant attention owing to
the signal amplification at specific frequency [42]. Here,
Au-NPs showing fluorescence behavior, after conjugation
with biomolecule the fluorescence, were rapidly enhanced
which can be visible through the images (Figure 3 and
Figures 9(a) and 9(b)). Brightness of sports was tremen-
dously improved in bioconjugated nanoparticles; therefore,
it can be understood that excitation and emission are mainly
dependent on bandgap and the size distribution of the mate-
rials. Biomolecule-tagged nanoparticles may possess emis-
sion at higher wavelength as a result of fluorescence; these
results have correlation with UV-vis absorption spectra.

4. Conclusion

Gold nanoparticles are majorly used in biomedical applica-
tions especially in the imaging, drug delivery, and diagnos-
tics such as cancer detection, and microbial detection. In
this study, we clearly explained the bioconjugation of gold
nanoparticles to fluorescent gold nanoparticles. UV-vis
spectra authenticate the presence of Au-NPs by exhibiting
absorption at around 520 nm to 560nm. The X-ray diffrac-
tion results clearly shows the functional group vibration
confirms the gold nanoparticles. Spherical nanoparticles
with relevant elemental compositions were observed from
SEM and EDS. Similarly, fluorescent behavior of gold nano-
particles was noted through fluorescence microscopic
images. Preparation of fluorescent gold nanoparticles may
upregulate the properties of cancer cell detection; our inten-
tion is to develop this material as a diagnostic vehicle to
identify cancer.
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