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ABSTRACT: The advancing growth and development in the nanotechnologial field has resulted in the
synthesis and usage of various nanoparticles. Synthesis of nanoparticles is done by physical, chemical and
biological methods. The shortcomings of the physical and chemical methods are the main reason for opting
biological methods. These biological methods of synthesizing nanoparticles, called green synthesis, make use
of microorganisms and plants. The hunt for a safer and efficient way to obtain these nanoparticles led to the
usage of algae to reduce metallic ions into metallic nanoparticles. Various microalgae and macroalgae are
used to get nanoparticles like gold, silver, iron oxide and copper oxide. Nanoparticles have plenty of
applications in different fields of science, including medicine, electronics, material science and environment.
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industries. In this review, we focus on the synthesis of nanoparticles using various algae and its application in
degrading dye effluents before they are let into water bodies.
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1. Introduction

1.1 Algae

Algae are ubiquitous organisms widely found in marine and fresh water environments. Algae, in general, can
be categorized into two kingdoms- eukaryotic unicellular algae fall under kingdom Protista and eukaryotic
multicellular algae fall under kingdom Plantae. Although they belong to kingdom Plantae, algae are thalloid
in nature, i.e they are not differentiated into distinct root, stem and leaves.

Algae may be microscopic or macroscopic. They are classified into many classes based on the cell structure
and the pigments present. However, the main classification includes 3 groups- Chlorophyta (green algae),
Phaeophyta (brown algae) and Rhodophyta (red algae). Algae exist in different sizes and shapes. They may
be found occurring as single cells, filaments or colonies. Apart from the aquatic regions, algae can grow in
rocks, damp soil and tree barks as well. Since algae are photosynthetic, they need moisture and sunlight for
their growth and sustenance [1].

Algae significantly play many roles in balancing our environment and are beneficial to living forms in many
ways. In the marine ecosystem, algae, in the form of phytoplanktons, help small fishes survive and thus form
the basis for protecting the entire marine food chain. Algae make up almost half of the oxygen we need to
survive. Researchers believe that in the earlier years, when the earth was still barren [2], it was algae
(prokaryotic cyanobacteria) that gave life to our planet by producing oxygen [3].

Owing to their ecological importance, algae have attracted many researchers in the recent years to get novel
products from them .Different classes of algae have different benefits. Microalgae are used extensively for
biofuel production [4]. Algae in general, are used in cosmetics [5] and paints. Since algae are rich in
compounds with medicinal properties, they are of more interest in the pharmaceutical industries. They are
rich in proteins and so edible algae are consumed in various parts of the world [6]. Algae are efficient in
synthesizing nanoparticles, which find good application in delivering drugs specifically [7].

1.2 Nanoparticles

Nanotechnology, the science of engineering and developing nanoscale (10-°m) structures, is flourishing to
reach its zenith in the upcoming years. One of the important outcomes of nanotechnology is the synthesis of
nanoparticles .These nanoparticles have promising antimicrobial properties and are also used in drug
delivery, effluent treatment, material science, electronics and so on[8]. Various organic and inorganic
nanoparticles are being synthesized by physical, chemical and biological methods. Owing to more stability,
inorganic nanoparticles are preferred more. Laser ablation, high energy ball milling, microemulsion
techniques, chemical reduction, UV photoreduction, sol-gel techniques are some of the non- biological
methods used for nanoparticles synthesis [9]. But these methods have a lot of drawbacks. They are toxic,
preparation is tedious and takes time and these methods are costly too[10]. To overcome these drawbacks,
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nanoparticles are now being synthesized using biological sources like bacteria, fungi, algae and plants. This
method, known as green synthesis [11], is safe, cheaper, eco- friendly and the sources are easily available.
These organisms contain metabolites which have the ability to reduce metal ions into metallic nanoparticles
[12].

2. Algae for nanoparticle synthesis

In this paper, we focus on the synthesis of nanoparticles using algae. When given a suitable environment,
algae grow abundantly on their own, without needing our least care. Hence, they can be used even in excess,
without the fear of it getting extinct. Using algae is an eco- friendly approach and is less toxic and cost
effective. The disposal of the waste is also easy.

Nanoparticles synthesis from algae is a bottom up approach. Gold, silver, copper oxide, zinc oxide are some
of the main nanoparticles that are synthesized using algae. Algal extracts (preferably aqueous or ethanolic
extracts) are first prepared. When the extracts are mixed with a particular metallic solution (specific to the
type of nanoparticles needed), algae reduce the metal ions, producing metallic nanoparticles. The reduction
occurs due to electrostatic interaction between the negatively charged ions in the metallic solution and
positively charged functional groups or peptides in algae [13]. Transmission electron microscopy, UV-vis
spectroscopy are used to visualize the size and shape of the nanoparticles formed and X ray diffraction

techniques are used to examine the reduction of metal ions into metals.
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2.1 Cyanobacteria

Spirulina subsalsa, Lyngbya majuscule (Figure.1) [14], Plectonema boryanum [15,16], are some of the blue
green algae used for obtaining gold nanoparticles. Spirulina Platensis (Figure.1) [17] is used for synthesizing
silver nanoparticles.

&, | .
Spirulina Platensis Lyngbya majuscule
Fig.1

2.2 Green algae

Gold nanoparticles - Out of around 8000 species of green algae [3], most of them grow in fresh water.
Green algae may be unicellular, or may occur as colonies or filaments. When exposed to hydrogen
tetrachloroaurate, algal extracts of Rhizoclonium fontinale, Ulva intestinalis [18] (Figure.2), Rhizoclonium
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hieroglyphicum [14] and Chlorella Vulgaris [19] produce purple or ruby red colour, indicating the formation
of gold nanoparticles.

Silver nanoparticles - Caulerpa racemosa (Figure.2), [20], Ulva lactuca [21] are used for reducing silver
nitrate solution to produce silver nanoparticles, which is visually observed by a color change to yellowish
brown.

Ulva intestinalis ) Caulerpa racemosa
Fig.2

2.3 Brown algae
Gold nanoparticles - Brown algae comprise of larger algae. There are about 1500 species, most of which
grow in marine environments. A lot of works have been done for synthesizing nanoparticles using brown
algae including Sargassum wightii (figure.3) [22], Stoechospermum marginatum [23], Laminaria japonica
[24] and Turbinaria conoides.(figure.3)

Silver nanoparticles - Occurrence of yellowish brown color in the reaction mixture (silver nitrate + algal
extract) shows the formation of silver nanoparticles in brown algae like Turbinaria conoides [25], Padina
pavonia [26] and Sargassum cinereum [17].
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Sargassum wightii Turbinaria conoides

Fig.3

2.4 Red algae
Gold nanoparticles - There are almost 5000 species of red algae, most of which are marine. Red algae grow
in rocky areas and are significant in coral reefs. Galaxaura elongata (figure.4) [27], Laurencia papillosa are
treated with chloroauric acid (HAuCl4). Visual monitoring for a colour change to purple shows the formation
of gold nanoparticles.

Silver nanoparticles - Porphyra vietnamensis [28], Gelidiella acerosa [29] when exposed to silver nitrate
solution, reduce the silver ions into silver nanoparticles.

Galaxaura elongata Gelidiella acerosa
Fig.4
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3. Nanoparticles in dye degradation

The major threat to living organisms of this century is pollution, the chief being water contamination. Dye
effluents from textile, leather, paper and such industries are one of the key factors affecting water bodies.
These dyes are complex, organic compounds that cannot be easily degraded. Obviously, they impose
harmful and toxic effects to living beings. This problem can be dealt with by treating the effluents using
methods like adsorption, ion exchange process, electrolytic precipitation and usage of various filters [30].
But these methods are not completely effective. They require more time and money, some form sludge and
some unwanted by-products [31]. So, scientists, on looking for other ways to manage this problem, have
come out with the idea of using nanoparticles to degrade the dye compounds. These dye effluents, after
proper treatment, can then be let into water bodies thereby minimizing hazardous effects.

Silver particles synthesized using Hypnea musciformis (a red alga) act as a photocatalyst and help in
degrading methyl orange dye in the presence of light [32]. Silver nanoparticles derived using red algae,
Gracilaria corticata have the ability to degrade malachite green dye [33]. Gold nanoparticles from brown
algae Turbinaria conoides and Sargassum tenerrimum are found to degrade Rhodamine B, and
Sulforhodamine [34].

4. Conclusion

Although there are thousands of species of algae, it is quite sad that the numerous uses of algae are not
explored much as compared to other organisms. Algae are a god sent gift to us. Obtaining nanoparticles
using algae is a convenient, simple and an eco- friendly process. It is cheaper and safer than other physical
and chemical methods available.

4.1 Future perspectives

Nanoparticles have good antibacterial [35] and antifungal properties. They can be used as carriers for drugs.
They have a number of applications in food processing, medicine, cosmetics and paint industries. Thus,
green synthesis of nanoparticles from algae can be considered as a good alternate to many existing
processes and it will be a boon to various fields of science.
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