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Abstract

One of the paradigm shifts in the field of nanotechnology is the development of environmentally friendly,
biocompatibility and green approaches in the synthesis of metal nanoparticles. In this study, the extracts of
Brown seaweed, Sargassum polycystum (C. Agardh) were utilized as reducing agents in the green synthesis of
gold nanoparticles. The produced gold nanoparticles were characterized using UV-visible spectroscopy, Fourier
Transform infrared (FTIR) spectroscopy, Scanning electron microscopy (SEM) and Energy dispersive X-ray
(EDS) spectroscopy. The different volumes of brown seaweed extract namely 25, 20, 15, 10 and 5ml when added
with Tetrachloroauric acid gradually changed from color brown to ruby red, a characteristics reaction of gold
nanoparticles. UV-vis spectral analysis of the gold nanoparticles showed strong peaks around 526nm to 548nm,
an optical characteristic of gold nanoparticles. The presence of elemental gold was also confirmed by the EDS
analysis. The SEM image of the gold nanoparticles clusters of spherical morphology with a size range of 68.5 to
240nm. The FTIR spectra of the brown seaweed mediated synthesized gold nanoparticles showed strong peaks
corresponding to hydroxyl groups, and primary amines functionalities which probably acted as reducing agent,

stabilizing agent and capping agent during the synthesis of gold nanoparticles.
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Introduction

One of the paradigm shifts in the field of nanotechnology
is the development of environmentally friendly, cheaper
and green approach in the synthesis of metal
nanoparticles. In the synthesis of nanoparticles, the
method must exhibit rapid chemical reaction, highly
stable and has better uptake on Biomolecules
(Dhas, TS. 2012).

One of the most explored materials is the gold
nanoparticles which are known with its excellent optical,
electronic, and magnetic properties, biocompatibility
and non-toxic which are highly desirable for biomedical
applications (Khanna et al., 2019). Thus, gold
nanoparticles are developed for applications such as bio-
sensor probes, bioremediation, diagnostics, electronic
conductors, therapeutic agents, organic photovoltaics,
drug delivery in biological and medical applications

and catalysis (Khanna P. 2019).

Currently, gold nanoparticles are fabricated by
physico-chemical synthesis such as the Turkevich,
Brust, seeded growth, and miscellaneous methods.
The physico-chemical methods generate efficient gold
nanoparticles but they employ various synthetic
chemicals which are used for reducing, capping, and
stabilizing agents which generate waste products that
causes damage when released in the environment
during large scale production. Furthermore, the use
of toxic chemicals and solvents in the methods may
also be problematic for downstream biological

applications (Arunkumar L, 2019).

To mitigate the problem, alternative methods of gold
nanoparticles synthesis have been proposed. A process
that do not employ toxic chemicals and adhere on the
principles of green chemistry, which advocate the
utilization of rapidly biodegradable reagents, limiting
waste products, synthesis at ambient temperature and
pressure and the minimization of detrimental
environmental impact. The method of green synthesis
of gold nanoparticles utilizes biological components
like carbohydrates, lipids, nucleic acids, and proteins
produced in nature (Khanna P. 2019).The method of
green synthesis is fundamentally clean, ecofriendly and

low cost of production.
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Green synthesis was demonstrated in microbes like
bacteria, fungi, actinomycetes; biomolecules, plant
extracts and macro-algae to mediate the production
of gold nanoparticles (Kharissova et al., 2013).
Seaweeds were considered as an attractive source due
to its excellent properties for metal uptake, faster
doubling time, easily scalable and well developed
systems, cells can be readily disrupted, easily
harvested, low cost in large-scale synthesis, the
nucleation and crystal growth are accelerated due to
the presence of negative charge on the surface of the

cell (Khanna P. 2019).

The mechanism behind the green synthesis of
seaweeds is due to the abundant functional groups
are present in the cell wall namely aromatic nitro
compound, amides, alkyl chloride, organophosphorus
compounds, amines, sulfonyl chloride, primary
amines, ketones, phosphines and aliphatic compound
indicated the potential sources of compounds that
will act as reducing, capping and stabilizing agents for
the successful synthesis of gold nanoparticles

(Kharissova et al., 2013, Kaewsarn et al., 2002).

Moreover, the presence of fucoxanthin, a xanthophyll
pigment, the main component responsible for the
colour of the brown seaweeds. Fucoxanthin has been
known for its potential on reduction of metal ions to
form gold nanoparticles (Mittal et al., 2017). Brown
algae possess bioactive compounds like polyphenols,
terpenoids, flavones, amines, protein and enzymes
can potentially play the role of reducing agents,
stabilizing agents and capping agents during the

synthesis of gold nanoparticles (Khanna P. 2019).

In the selected coastal areas of Davao Occidental such
as Malita, Don Marcelino and Jose Abad Santos,
such as Turbinaria ornata,

brown seaweeds

Turbinaria conoides, Sargassum polycystum,
Padina australis, and Padina minor are highly
abundant (Sarda A. 2018, Balawag B. 2016 and Tulo,
2018). So far, to the best knowledge of the researcher,
Sargassum crassifolium was the only brown
seaweeds is tested to mediate synthesis of gold
nanoparticles in the Philippines (Ouano et al., 2018).

Among the brown seaweeds, Sargassum species is
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reported to possess higher content of alginic acid
(Jerod et al., 2015) fucoidans (Sinurat et al., 2016)

and phytochemicals (Balanquit et al., 2015).

Previously, the thallus (Kanimozhi et al., 2015) and
leaves (Sivaraj et al., 2015) of the S. polycystum were
used as the source of the extract for synthesis of silver
and spherical gold nanoparticles. In the current work,
the whole plant S. polycystum was used as the source
of the extract for rapid synthesis of monodispersed
spherical gold nanoparticles at room temperature

with no further optimization.

Materials and Methods

Preparation of Chemicals

The experiment used the 1 milli molar (mM) of
Tetrachloroauric (IIT) acid trihydrate as the precursor
of the synthesis of Gold nanoparticles. To ensure
reproducibility of the results, all the glasswares used

in the study was cleansed using the Aqua regia.

Sample Collection of Brown Seaweed

A preliminary survey was conducted by looking to
previous studies conducted and an actual site visit by
the researcher to determine the most abundant brown
seaweed of the sampling area. Random collections of
Sargassum polycystum were done during the month of
April-July, 2019. A slate board and pencil was used in
noting down information and other data gathered
during sampling. The brown seaweed was collected by
manually picking from the Intertidal area of Tubalan,
Malita Davao Occidental, Philippines (“6 © 30’ 50” N
125°34’ 41” E”). The collected brown algae species were
identified by using the field guide and atlas of the
Seaweed resources of the Philippines (Gavino, 1997)
and Field guide to common mangroves, Sea grasses

and Algae of the Philippines (Calumpong, 1997).

Preparation of brown Algal Extract

The collected brown algae were washed thoroughly
with 1 liter of tap water to remove epiphytes that may
have lived in the fronds, blade and thallus. The clean
seaweeds were washed subsequently with distilled
water for several days and air dried for 3-5 days and
oven dried at 60° Celcius for 1 day. The dried

seaweeds were ground into fine powder using an
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electric blender. Using the 500 microns sieve, the
seaweed powder was segregated. The 5 grams of
brown seaweed powder were suspended in 100ml of
deionized water in a 3ooml Erlenmeyer flask followed
by boiling for 15 minutes. The extract obtained was
filtered through Whatman filter paper No.1 (50 mm;
Sigma, Bangalore, India). The filtered extract was
centrifuged at 5,00orpm for 10 minutes and the
supernatant was used both as a reducing agent,
capping agent and as a stabilizing agent for preparing
gold nanoparticles. The supernatant was collected
and stored at 4°C which was be used throughout all
the experiments. The reaction was carried out at ph 7-

8 at room temperature.

Green synthesis of Gold nanoparticles

To prepare gold nanoparticles, 25ml, 20ml, 15ml,
1oml and 5ml of seaweed extract was added to each
25ml of 1 milli molar (mM) aqueous Tetrachloroauric
(II1)  acid

Tetrachloroauric (IIT) acid trihydrate solution without

trihydrate  solution. =~ s50ml  of
addition of seaweed extract served as the control set
up. The container was tightly covered with aluminum
foil to prevent photo reduction of gold ions, and
incubated wunder dark conditions at room
temperature. The solution was kept in magnetic
stirring for constant stirring. The samples were stored
for 24 hours to allow the complete reduction of metal
ions. A color change of the solution change from
brown to ruby red to purple color indicated the
reduction of gold metal ion into gold nanoparticles.
After the reaction reached saturation, 100ml of gold
nanoparticles was centrifuged at 5,000rpm for 60
minutes. The obtained pellet was redispersed in
distilled water to remove any uninterested biomass.
The process of centrifugation and redispersion was
carried out thrice to get a better separation of gold
nanoparticles. The colloidal gold nanoparticles in the
Erlenmeyer flask were covered with aluminum foil
paper to prevent photodegradation at a temperature

of 5-7° Celcius for further characterization.

Characterization of Gold nanoparticles
UV-Visible Spectral Analysis
The measurement of absorption spectra was done at

Research and Laboratory Services (RLSC) of
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SPAMAST-Malita. The bioreduction of the gold ions
in the solution was monitored using UV-1800
Shimadzu UV Spectrophotometer by measuring the
UV-vis spectra (400-700nm) of solutions. Quartz
cuvette was used for the analysis. Distilled water was
used for adjustment of the baselines. The deionized
water was loaded and measure by the UV-vis
spectrophotometer for baseline correction. 1ml of
synthesized colloidal gold solution was measured
after the color changed into ruby red or purple
indicative of the synthesis of the Gold nanoparticles
until complete reduction of gold ions was observed.
Scanning Electron Microscopy with Energy
Dispersive X-ray Spectroscopy (SEM-EDS) Analysis
The characterization on the morphology of the gold
nanoparticles was sent to Chemistry Laboratory of
Ateneo De Davao University. The morphology of the
nanoparticles and the composition of elements were
confirmed by using the scanning electron microscopy
with Energy dispersive analysis (SEM-EDS), Hitachi
SU150. The electrons produced in SEM are produced
by a FEG (Field Emission Gun) with a tungsten
emitter which operates in a negative potential. The
pseudo-image obtained is a result of the secondary
and back scattered electrons generated upon

interaction of the electrons with the sample.

The prepared gold nanoparticle pellet was mixed with
1oml deionized water and kept on sonicator to
prevent aggregation of gold ions. The resultant
solution was lyophilized. A drop of a very small
amount of sample on a carbon coated copper grid and
thin films of the gold nanoparticles was prepared. The

thin films dried the sample and were analyzed.

FTIR Analysis

The aqueous suspension of gold nanoparticle was
submitted to Analytical Science laboratory, Institute
of chemistry, University of the Philippines, Diliman.
The FTIR scan of gold nanoparticles sample was
obtained using attenuated total reflectance (ATR)
accessory to identify the functional groups present in
the brown seaweed extract that probably act as the
reducing agent of gold ions to nanoparticles. The final

spectrum was processed using ATR correction.
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Results and discussion

The development of Gold nanoparticles has potential
application in various fields such as biosensors,
catalysis, photonics, electronics, biomedicine and
optics (Singaravelu et al., 2007). The applications of
gold nanoparticles are highly dependent on its
chemical composition, shape, size and monodispersity.
Moreover, the particles should be chemically stable
without undergoing degradation, such as partial
oxidation or undesired sintering. There are several
methods
synthesizing metallic nanoparticles (Kruis, 1995).

physical and chemical employ for

However, the development of simple and eco-friendly
and bio-compatible synthetic route would be highly
desirable in the synthesis of metallic nanoparticles. In
this regard, S. polycystum have shown to be an
important biological component in the utilization for

green synthesis of gold nanoparticles.

The extract brown seaweed Sargassum polycystum
mediated the green synthesis of gold nanoparticles.
The Fig. 1 illustrated the 5 known concentrations (25,
20, 15, 10, and 5ml) of S. polycystum extract added to
25ml Tetrachloroauric acid (III) trihydrate (HAuCly),
a changed in color brown into ruby red to purple after
10, 21, 30, 72 and 152 minutes were observed. The
color of ruby red was highly evident to 25, 20 and
15ml extracts while the purple color is highly
conspicuous to the 10 and 5ml extracts of S.
polycystum. The extract of brown seaweed
Sargassum polycystum contain rich biomolecules of
lipids, fiber and ash

(Perumal et al., 2019) and phytochemicals namely

proteins, carbohydrates,
tannins, flavonoids, terpenoids, cardiac glycosides,
phlobatanins, steroids, phenols, and amino acids
(Perumal et al., 2019) that probably facilitated the
bioreduction of Tetrachloroauric acid (IIT) trihydrate
(HAuCly) into gold nanoparticles. Similar findings
were reported in the bioreduction of gold
nanoparticles using the extract of Sargassum
myriocystum (Ismail et al., 2018), Sargassum
crassifolium (Ouano et al, 2018), Sargassum
polycystum (Sivaraj et al., 2015) and Sargassum

wightii (Oza et al., 2012).
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Fig. 1. Bioreduction reaction of Gold nanoparticles synthesized by plant extract of Sargassum polycystum (SP).

The bioreduction of gold nanoparticles from SP
extract is concentration-dependent. Moreover, there
is direct relationship between the volumes of
Sargassum polycystum extracts towards the kinetics
of gold nanoparticle synthesis. The higher the
volumes of the seaweed extracts, the faster the
reaction synthesis of gold nanoparticles. The extract of
Sargassum polycystum contains various biomolecules
that will act as reducing agents, stabilizing agents and
capping agents. The same findings reported that the
higher concentration of reducing agents probably
increase the catalytic activity which facilitate faster
reaction. Moreover, the higher concentration of
Sargassum polycystum extract also increases the
concentration of biomolecules that act as reducing
agent, thus increasing the reaction rate which resulted
rapid growth of gold nanoparticles (Das et al., 2011),
(Song et al., 2009).

The successful formation of the gold nanoparticles
was confirmed by the UV-vis spectroscopy. Spectral

signatures of the five (Paul et al, 2017)

concentrations of S. polycystum mediated
synthesized gold nanoparticles were detected in the
different wavelengths shown in Fig. 2. The plant
extract mediated synthesis of gold nanoparticles were
confirmed by the following spectrum and absorbance
properties, the known concentration (25ml) has
spectral properties of 526nm, (20mL) has spectral
properties of 53onm, whereas (15ml) has 534nm,

meanwhile (10 and 5ml) has both 548nm.
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Fig. 2. Spectroscopic Analysis of Gold Nanoparticles
synthesized by plant extract Sargassum polycystum.
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Fig. 3. EDS Spectra of gold nanaparticles synthesized

by plant extract of Sargassum polycystum.

The broad peaks were observed at 526nm to 548nm
that is the surface plasmon resonance of Gold
nanoparticles. The visual color change is based on the
principle of surface plasmon resonance (SPR). The
color change occurs when the size of the particle
increases, in the case of gold it is from ruby red to
purple. The varying color changes were due to localized
surface plasmon resonance (LSPR) that they exhibit,
and it lies in the visible region of the electromagnetic
spectrum, which means that the particular region of
the wavelength in the visible region is absorbed while
another gets reflected and emitted wavelengths will

reflect its own color(Menon et al., 2017).

The characteristic optical property exhibited of the
metallic nanoparticles is due to the oscillations of the
conduction band of electrons at the surface of the
nanoparticles (Menon et al., 2017). The optical
properties of gold nanoparticles range from 500 to

60onm depending on its size.

The observed absorption spectra were in agreement on
the reported synthesis on Sargassum myriocystum
(Mohamed et al, 2018) Sargassum crassifolium
(Basilia et al., 2018), Azima tetacantha (Abirami et al.,
2016) Sargassum tenerrimum (Rao et al, 2016)
Sargassum wightii Greville (Kumar et al, 2007),
Turbinaria ornata (Ashokkumar et al, 2016) and
Turbinaria conoides (Vijayan et al., 2014), Curcuma
longa (Prabhu, 2015), Padina pavonica (Geethu et al.,
2015) Sargassum polycystum (Ouano et al., 2018),
corticata  (Sugandhi et al.,

Gracilaria 2014),
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Momordica charantia (Pandey et al, 2012). The
elemental properties of the S. polycystum mediated
synthesized gold nanoparticles were detected by the
energy dispersive x-ray spectroscopy. The EDS peaks
detected the presence of elemental gold (Azizah et al,
2016) and other elemental residue. Each peaks
indicating the presence of specific material in the
sample. Au (Gold), Ca (Calcium), K (Potassium), Cl
(Chlorine), and Cu (Copper) materials showed their

characteristics excitation peaks in the sample region.

Notably, the excitation peaks of Au (Gold) are highly
abundant in the brown seaweed extract. The
morphology of the materials was characterized using
the scanning electron microscopy (SEM) technique
confirmed the synthesis of a gold nanoparticle (shown
in fig. 4). The gold produced were a cluster of spherical
gold nanoparticles with sizes ranging from 68.5 to
240nm. Accordingly, a material with a size of 1-100nm

can be called as nanoparticles (Nadeem et al., 2017).

Fig. 4. Scanning electron microscope image of gold

nanoparticle synthesized by plant extract of

Sargassum polycystum.

The SEM image confirmed the development of gold
nanostructures using the brown seaweed extract S.
of the gold

nanoparticles maybe attributed to the different

polycystum. The different sizes

compounds found in the S. polycystum that maybe
responsible for the reduction and stabilization of gold

nanoparticles (Basilia et al., 2018).

Ultimately, the optical property of the synthesized

material is highly indicative of a gold nanoparticle.
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The optical properties of spherical gold nanoparticles
are highly dependent on the nanoparticle diameters
(Ogarev et al., 2018) smaller nanoparticles primarily
absorb light and have peaks near 520nm, while larger
spheres exhibit increasing scattering peaks that
broaden significantly and towards longer wavelengths

known as red shifting (Basilia et al., 2018).

The absorption spectrum of the synthesized gold
nanoparticles is at 526 to 548nm at different volumes
of S. polycystum extract. Moreover, the optical
properties of gold nanoparticles change when
particles aggregate and the conduction electrons near
each particle delocalized and are shared among
neighboring particles. When this occurs, the surface
plasmon resonance shifts to lower energies, causing
the absorption and scattering peaks to red shift to
longer wavelengths (Basilia et al,, 2018). The un-
aggregated gold nanoparticles exhibit to have a red
color in the solution. If the particles aggregate, the
solution will appear blue (Long et al., 2009). The
color of the colloidal gold shown in fig. 1 and the color
change of the different volumes of the S. polycystum

extract in appendix F.

The elemental morphology of the spherical gold
nanoparticles was further confirmed by the EDS and
usually carried out using the Tetrachloroauric acid
(III) trihydrate (HAuCl,).In the current work, HAuCl,
is used as the precursor of gold nanoparticles (Usman
et al., 2019), (Alaqah et al., 2016), (Koperuncholan,

2015), (Herizchi et al., 2014).

The Fig. 5 shows the different FTIR spectral peaks of
the aqueous extract of brown Seaweed. The first peak
which is located in the 3,520-3,200 region shows an
(O-H stretching); the second peak located in the
1,650-1,600 region indicates an (N-H bending), while
the other peak is located in the 720-590 region
indicative of a (O-H out of bending). The peaks
denote the possible biomolecules present in the
aqueous extract of Sargassum polycystum, which

includes alcohols and primary amines (Coates, 2013).
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Fig. 5. FTIR Spectrum of gold nanoparticles

synthesized by Sargassum polycystum extract.

The spectral measurements on aqueous extract of
brown algae and the obtained gold nanoparticles was
carried out to identify the possible biomolecules that
are responsible for the reduction of Au (III) ions as
well as those which acted as capping agents of the
gold nanoparticles. The FTIR spectrum indicated the
presence of different functional groups, which give
rise to the various signatures in the IR region of
electromagnetic spectrum. The Intense and broad
absorption bands were detected at 3,520-3,200,
1,650-1,600 and 720-590cm- . The peaks at 3,520-
3,200 (O-H stretch) is a characteristic of a hydroxyl
functional group in alcohol and phenolic compounds.
The band at 1,650-1,600cm™ (N-H bend) can be
assigned to the functional group of primary amines.
Moreover, the band at 720-590c¢m- (O-H out of bend)
corresponds to Hydroxyl functional groups. A
previous report reveals that the Hydroxyl group (O-
H) has a strong ability to interact with nanoparticles
(Sugandhi et al., 2014), (Rao et al.,
(Kanakalakshmi et al., 2016).

2016),

This observation revealed that compounds having
hydroxyl functional groups could possibly serve as the
reduction agent as well as aid in the stabilization of
gold nanoparticles (Ramakrishna et al, 2015).
Moreover, the presence of hydroxyl functional groups
has been shown to be involved in the bioreduction of
silver ions in the algae extract of Sargassum
polycystum (Thangaraju et al., 2012). Hydroxyl
containing compounds are known to possess ability to

interact with nanoparticles (Davis et al., 2003).
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Hydroxyl groups are very abundant in
polysaccharides of the algal cell wall (Kuyucak et al.,
1989) and their involvement in the reduction process
is highly probable. Algal pigments, such as
fucoxanthin, a kind of carotenoids rich in hydroxyl
groups, could also have participated in the reduction.
Those pigments have reducing properties and are
released in the solution by diffusion (Huang et al.,
2010). These soluble compounds could have acted as
capping agents preventing the aggregation of

nanoparticles in the solution. (Deepali et al., 2015).

Moreover, hydroxyl group is found in the compounds
of titerpinoids, which can be found in different
species of brown alga (Ismail et al.,, 2018). The
presence of primary amines were also detected on the
S. polycystum extract which is also in agreement on
the previous work on the synthesis of gold
nanoparticle using Sargassum crassifolium (Basilia
et al, 2018), and Sargassum polycystum for
synthesis of silver (Sivaraj et al,, 2015) and gold

nanoparticles (Deepali et al., 2015).

The metal uptake capacity of a specific brown algae
Sargassum species is highly documented to be an
excellent candidate for nanotechnology studies. The
following Sargassum species have notably higher
content of alginic acid among Sargassum species
namely the Sargassum longifolium, Sargasum
wightii, Sargassum tenerium, Sargassum fluitans,
Sargassum oligocystum ranging from 17% to 45% dry

weight (Huang et al., 2010), (Jerod et al., 2015).

Previously, it was reported that brown algae

Sargassum  natans  have  shown  efficient
sequestration of Gold and Cobalt in the solutions
outperforming the conventional method of ion-
exchange (Huang et al., 2010). Moreover, brown
seaweed species of Sargassum wightii, Sargassum
ilicifolium, Sargassum linarifolium, Sargassum
polycytum metal uptake on Iron, Cadmium, Cobalt,
Chromium, copper, lead, manganese, nickel and Zinc

were documented (Jothinayagi et al., 2009).
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The bioreduction property of S. polycystum extract can
be inferred to the excellent biosorption capacity of
brown algae. Biosorption is a passive binding of heavy
metals to the surface of the algal cell wall (Ozer et al.,
2005). The algal biomass is highly biosorptive due to

its rich biochemical composition (Jeba et al., 2016).

Macroalgae contain many poly-functional metal binding
sites for both cationic and anionic metal complexes.
Potential metal cation-binding sites of algal cell
components namely carboxyl, amine, imidazole,
phosphate, sulphate, sulfhydryl, hydroxyl and chemical
functional groups contained in cell proteins and sugars

(Podgorskii et al., 2004), (Brinza et al., 2007).

Brown algae received the most attention due to higher
metal uptake capacity compared to red and green
algae (Paknikar et al., 2003). The alginic acid content
of brown algae cell wall offers anionic carboxylate and
sulfate ions at neutral ph. The brown algae biomass
contained metal sequestering chemical like the
acetamido groups of chitin, amino, sulthydryl and
carboxyl groups in amino acids and proteins,
hydrohyls in polysaccharides (Romera et al., 2006).
Moreover, the cell walls of brown algae generally
contain three components, cellulose which is the
structural support; the alginic acid a polymer of
mannuronic and guluronic acids and the

corresponding  salts of sodium, potassium,
magnesium, calcium and sulphated polysaccharides.
groups are the

The carboxyl and sulphate

predominant active groups (Gaur et al., 2009).

The biosorption of the heavy metal ions on the cell
surface occurs by ion exchange process. This was
illustrated on brown marine alga, Sargassum
vulgaris, and uptake on metals like Cadmium, Nickel
and Lead. The participation of the main chemical
groups on the algal cell wall such as carboxyl, amino,
sulthydryl and sulfonate is highly suggested (Gong et
al., 2005). The macromolecules of the algal cell wall
provide abundant functional groups such as thio-
ether, carboxyl, imidazole, hydroxyl, carbonyl,
phosphate, and phenolic that can form coordination

complexes with heavy metals (Hashim et al., 2004).
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Among the brown seaweeds, Sargassum species
possesses relatively high metal binding -capacity
(Alluri et al., 2007). The mechanism involve in the
biosorption is be based on cell metabolism. It may be
metabolism  dependent and non-metabolism
dependent. Secondly, it can be classified based on the
location of the sorbate species, it may be extracellular

or intracellular accumulation (Ahluwalia et al., 2007).

The cell biomass of brown alga contains protein and
polysacharrides which offer a lot of binding sites for
heavy metals. The first step is the stoichiometric
interaction between the cell components and the
metal ions. Secondly, the accumulation of heavy
metal on the binding sites (Herrero et al., 2006). The
main uptake mechanisms are the Ion exchange
between proteins and heavy metal ions at the binding
sites or light metals and heavy metals (Li et al., 2006),
(Han et al., 2006), adsorption by physical forces,
electrostatic interaction (Gupta et al., 2006), chelation
2006)

(Gupta et adal, and micro-precipitation

(Kaewsarn, 2002).

It is elucidated that biosorption on dead biomass
involve a physical and chemical sorption phenomena
plus transmembrane and accumulation of heavy
metals in the cell. Biosorption happens when metal
ion bud to the cell wall via an ion exchange and the
metal ion is transported into the cellular interior

(Ofer et al., 2004).

The ion exchange mechanism has been suggested as
the dominant mechanism of absorption by algal
biomass (Costa et al., 2003), (Aksu et al., 1992).
Generally, the untreated cell biomass contains light
metals such as potassium, sodium, calcium and
magnesium which are bound to the acid functional
group of the alga. In the biosorption process, the
anions are exchange with heavy metals. The
biosorption test for Sargassum sp. for Zinc uptake
was reported. After the digestion, amount of light
metals in stipe and blades were observed. It was
concluded that alkaline and alkaline earth elements
have been contributed on the biosorption of zinc

(Silva et al., 2003).
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The metal removal from solution can also take place via
complex formation onto the cell surface as a result of the
interaction between metal and active functional groups.
The phenomenon involves the covalent coordination
and link electrostatic forces. The study on the
biosorption of copper by Chlorella vulgaris, the removal
of copper involves the formation of coordination bonds
of metals and amino and carboxyl groups of the cell wall

polysaccharides (Mata et al., 2009).

Moreover, another plausible mechanism is the
chelation which involves chelates. Chelates are
complex formation of multi-dentate ligands. The
binding sites can be inner sphere or outer spheres
complex. The mechanism is largely covalent in
character or chiefly electrostatic in nature. There are
two possible scenarios involves in metal biosorption,
the interacting ligands is immediately adjacent in the
metal cation and the other one is when the ions of
opposite charge are attracted and approach each
other within a critical distance and effectively form an
ion pair. In outer sphere complexes, the metal ion or
the ligand are often separated by one or more water
molecules. The live microalgae Chlorella vulgaris can
bio-reduced the metal from its high valence state via
complexing with polysaccharides then transported

and accumulated inside the cells (Gupta et al., 2006).

Moreover, the biosynthesis, bioreduction, and
biosorption is a connected in brown algae mechanism
as reported on the species of Fucus vesiculosus and
Turbinaria  conoides. =~ The  biosorption and
bioreduction of Au (IIT) to Au (0) using biomass of the
brown alga Fucus vesiculosus were reported. Hydroxyl
groups present in the algal polysaccharides were
involved in the gold bioreduction. The metallic gold
was detected as micro-precipitates on the biomass
surface and in colloidal form as nanoparticles in the

solution (Vijayaraghavan et al., 2011).

The biosorption mechanism was proposed to involve
electrostatic interactions between gold anions and
algal functional groups, when the Turbinaria
conoides was exposed to gold solution, AuCl4— anion
binds to positively charged functional groups, such as

amino groups (NH-), on the algal surface.

412 | Lumogdang and Teves



The T. conoides reduced Au (III)

nanoparticles. The Hydroxyl groups present in the

to gold

brown algal polysaccharides were involved in the
bioreduction of Au (III) to Au (0) (Vijayaraghavan et
al., 2011).

The reduction of tetrachloroaurate with brown algae S.
polycystum is an effective method for the synthesis of
gold nanoparticles from dilute solutions: the method is
cheap, easy performance at alkaline pH and room
temperature using dead cell biomass and environmental
friendly compared to other chemical methods that uses
toxic chemicals. Additionally gold can be obtained as a
high value added product based on its rich potential
applications and their excellent properties. Gold
nanoparticles can be an exceptional nanomaterial for

detection of environmental pollutants.

Conclusion

Based on the result of the study, it is concluded that
Sargassum polycystum (C. Agardh) contained the
functionalities that act reducing agent, capping agent
and stabilizing agent in the synthesis of gold
nanoparticles. The functionalities identified were
Hydroxyl groups and primary amines group. The Uv-
Vis Spectrophotometer detected the wavelength
property of the gold nanoparticles around the 526 to
548nm. Through SEM and EDS confirmed the gold
nanoparticles with spherical morphology and particle
sizes range of 68.5 to 24onm. Thus, the green
synthesis of colloidal Gold nanoparticles using the
Brown seaweed Sargassum polycystum (C. Agardh)
was  demonstrated. @ The  synthesized gold
nanoparticles can be further screened for potential

biomedical or environmental applications.
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