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ABSTRACT

Biosynthesis of silver nanoparticles using marine sponge extract Haliclona was carried
out. Marine sponges’ extracts are responsible for the reduction of silver nitrate solution. Silver
nanoparticles synthesized using fresh and dry marine sponge. Experimental factors including,
time duration, pH, temperature were optimized. Silver nanoparticles were characterized by UV-
Visible spectrophotometry. The sizes of synthesis silver nanoparticles were 27-46 nm and confirmed
by scanning electron microscopy (SEM). X-ray diffraction (XRD) crystallography indicated the
silver nanoparticles crystalline nature. Fourier transform infrared spectroscopy (FT-IR) was
revealed the functional groups of extract of Haliclona, which are capable of reduction of silver
nanoparticles. This method is a cost-effective, eco-friendly and nontoxic procedure.
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INTRODUCTION

Nanotechnology is appearing as a rapidly
growing field with its application in science and
technology'. Nanobiotechnology has emerged duo
to mixing both of biotechnology and
nanotechnology for developing biosynthetic and
eco-friendly technology for synthesis of
nanomaterial’>. Nanoscale materials display novel
properties different from their bulk counterparts®.
The change in chemical, physical, optical,
electronic and magnetic properties considerably
depends on the particle size and shape*. The

metallic nanoparticles are prepared from metal like
Au, Pt, Pd, and Ag synthesized by different
procedure include of physical, chemical and
biological methods®. Physically and chemically
mediated syntheses require high pressure, energy,
temperature, high cost and harmfulness®. Use of
chemical and physical procedure in the synthesis
of silver nanopatrticles is costly and cumbersome’.
Investigators have used biological extracts for the
synthesis of nanoparticles, by adopting simple
protocols, involving in the process of reduction of
metal ions by using biological extracts as a source
of reduction either extracellulrly®. Silver or silver



1962

ions have long been known to show antimicrobial
activity®. Synthesis of nanoparticles using biological
entities like bacteria'®, actinomycetes, yeast, fungi'
and plants' were reported. The reduction of metal
ions by combinations of biomolecules found in these
extracts like enzymes/proteins, amino acids,
polysaccharides, and vitamins is environmentally
benign, yet chemically complex'. Silver
nanoparticles have received major attention due to
their unique and tunable surface Plasmon
resonance (SPR)'. Silver has long been recognized
as an antibacterial agent in medical and industrial
process™. The antimicrobial activity of silver
nanoparticles depends on the size property. The
small-sized nanoparticles have large surface area
to improve the antibacterial activity'®.The
biosynthesis of silver nanoparticles using marine
sponge Haliclona extract was implemented in this
investigation. Literatures revealed that synthesis of
nanoparticles using marine sponges has been
undiscovered, which aroused our interest .The
oceans are the source of a large group of structurally
unique natural products which are mainly
accumulated in invertebrates like sponges,
tunicates, bryozoans 7.The important component
were found include amines groups, hydroxyls,
phenols, carbonyl and alkyl halides'®.The aim of
present investigation is to develop a simple process,
cost- effective and ecofriendly procedures’.

EXPERIMENTAL

Materials and methods

Silver nitrate (AgNO,) was purchased from
Merck, Germany. Deionized water was used for all
experiment and buffer solution.

Collection of samples

Haliclona is a marine sponge which was
collected from the intertidal region at (Lat. 26° 3%
41/ Long. 26° 34/ 15" located on the Persian Gulf.

Protections against contaminations

Samples were washed carefully with fresh
water to remove adhering debris and associated s
biota then brought to the laboratory in an ice box.
Marine sponges were washed with deionized water.
The extract obtained was followed by Millipore filter
(0.45 pm) and used at 4UC added experiments.
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Biosynthesis of Silver nanoparticles for fresh and
dry sponges
Fresh sponge

For fresh marine sponge, five grams of
sponge was weighted and were boiled with 50 ml
of deionized water at 70°C for 10 min. The crude
extract was filtered by Millipore filter (0.45 pm) and
maintained at 4°C for further experiment

Dry sponge

The cleaned marine sponge with
deionized water were freeze dried at -20°C and
then crushed into powder and stored at 4°C for future
use. Then the dried sponge powder Haliclona (5g)
was boiled with 50 ml of deionized water at 70 °C
for 10 min.

Biosynthesis of silver nanoparticles

10 ml fresh and dry sponge aqueous
extract was mixed with 100 AgNO, solution TmM in
a 250 ml Erlenmeyer flask .The whole mixture was
placed in to a stirrer at 70°C (700rpm) for 4 hour
and kept in the dark .The bio reduction of AGNO,
ions achieved within 4 hour continuous stirring. A
color change to yellowish .The solution were
centrifuged at 12000 rpm for 30 min in 4°C and
then the pellets were suspended in deionized water
and again centrifuged at 8000 rpm for 15 min .The
purified silver nanoparticles were freeze dried and
stored at 4°C for further use characterization.

The extract attained was followed by
Millipore filter (0.45 pm) and used at 4°C for
additional experiments.

Characterization of silver nanoparticles
UV-Vis Analysis

The reduction of AgNO, was showed by
UV-Visible spectrophotometer in the diverse
wavelength range of 350- 600 nm (T90+UV/
spectrophotometer PG Instruments Ltd). It is one of
the important techniques to confirm the formation of
metal nanoparticles provided surface Plasmon
resonance exists for the metal. For identify silver
nanoparticles at the absorption range of 400-450
nm?2,

FTIR Analysis
FT-IR spectra of functional groups in
sponge extract solution was recorded by using FT-
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IR spectrometer (Thermo-scientific ,Nicolet 8700
USA FT-IR)at a resolution of 4 cm™range from 400
to 4000 cmin KBr pellet.

The presence of bioactive functional
groups responsible in sponge extract and
synthesized Ag-NPs recorded using FT-IR
spectrometer (Thermo Nicolet, Nexus 870, USA
FTIR) at a resolution of 4 cm™ range from 400 to
4000 cm™ in KBr pellet.

XRD and SEM Analysis

The crystal nature of the Ag- NPs was
resolute using XRD. The patterns of silver
nanoparticles were recorded using STADI MP
STOE diffractometer with Cu-Ka radiation (A=1.5406
A°) at a voltage of 40 kV and a current 30 mA.

Morphology and the size of silver
nanoparticles were described by using Scanning
Electron Microscope (MIRA3 TESCAN).

Effect of different factors in NPs biosynthesis
For study the effect of increase time on
nanoparticles synthesis, the reaction solution was
incubated at 2, 4, 24 and 72 hours. To study the
effect of pH, experiments were carried out by
different pH (4.5, 5.5, 7.5 and 8.5) of the reaction
solution. The reaction temperature was maintained
at 35°C, 50°C , 70°C and 90°C. The absorbance of
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the resulting solution was measured by UV-Vis
spectrophotometer at different wavelengths.

RESULT AND DISCUSSION

Synthesis of Silver Nanoparticles

Biosynthesis of silver nanoparticles was
definite by using UV-Vis spectrum analysis. After 4
hours it was saw that the color solution in
Erlenmeyer flask turned to yellowish brown (Fig. 1)
It confirmed the synthesis of silver nanoparticles in
flask and color change was due to excitation of
SPR effect and the reduction of silver ions®'

Fig . 1: (1) Silver nitrate (AgNO,) solution, (2)
aqueous extract of Haliclona and (3) after the 4
h reduction of Silver nitrate
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Fig. 2: UV-Vis absorbance of aqueous solution of iImM AgNO,
with Haliclona extract (A) fresh extract; (B) dry extract



1964

UV-Vis spectrum analysis of important the
factor in biosynthesis of silver nanoparticles .The
silver nanoparticles obtained were characterization
by UV-Visible spectrophotometer at 422 nm and
425 nm for fresh and dried Haliclona in the spectrum
confirmed of silver nanoparticles (Fig. 2). This is
like the surface plasma vibration with characteristic
peaks of silver nanoparticles.

Optimization of Different Parameters

Different parameters were optimized for
synthesizing silver nanoparticles including
temperature, pH, and time duration?.

Effect of temperature

The temperature is one of the most
important parameters for nanoparticle synthesis. As
we see in (Fig 2.) temperature with range 35 to
90°C.Though increasing temperature, the speed of
formation of silver nanoparticle also increased
rapidly. Color change in 35°C was 72h, while color
change in 90°C was 50 min. The measure of the
nanoparticle decreased initially due to the reduction
in an agglomeration of the growing nanoparticles.
As increasing temperature after 70°C, the absorption
pattern decreased.
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Fig. 3: UV-Vis spectrum of silver nanoparticles at
diverse temperatures after 6 h of reaction time

Effect of pH

The pH is important effect for nanoparticles
synthesis. The size of Ag-NPs are dependent on
the pH of solution, the acidic pH 4.5 shows the peak
week at 425 nm and absorbance band was
increased while increasing pH up to 8.5 due to the
excitation of surface Plasmon resonance. The
alkaline (pH=8.5) absorbance peak subsequence
was at 423 nm. Therefore acidic pH destroyed the
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nanopatrticle formation. At low pH, agglomeration
happened since of the over nucleation and synthesis
of large NPs. At high pH, a large number of
nanoparticles with the small surface area are
present due to the bioavailability of functional groups
in the sponge extract?'. Therefore pH 8.5 was
optimum for the nanoparticles formation. (Fig. 4).

Therefore our research showed that by
increasing pH and temperature the synthesis of
silver nanoparticles would be accelerated and also
with raising temperature more than 90 C,
accumulation of nanoparticles will take place.
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Fig . 4: Effect of reaction pH on the
production of silver nanoparticles

Effect of time

Other factor is time duration. The time
duration of reaction time, the silver nanopatrticles
formation was increased while increasing time
reduction?. (Fig. 5)
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Fig 5. UV-Visible absorption spectra of silver
nanoparticles with different incubation time
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FTIR measurements

The sponge extract and the silver
nanoparticles synthesis FT-IR spectra of silver
nanoparticles was recorded before and after the
reduction of silver nanoparticles (Fig.6)

Figure 6a illustrations some bands in the
FT-IR spectrum of Haliclona extract in the range of
3422.25 , 2922.20 , 2851.36 , 1657.63 , 1541.36 ,
1467.33 , 1384.91 , 1241.27 , 1035.53 , 874. 53,
720 .49, 469 .20 cm'. An absorption peak at
3422.25 cm' corresponded of phenols, alcohols
with free O—H group. The peak at 1035.53 cm™’
indicated CO bend that verification is the OH group.
A signal at 2922.20 and 2851.36 cm™' shows to CH
stretch alkanes and OH stretch carboxylic acids®.
The peak at 1657.63 cm™' belongs to carbonyl
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groups and amides. The band 1467.33 cm’
corresponds to OH bend indicated carboxylate?®.
The peak at 720.49 cm™ was assigned for CCI
stretching vibration of alkyl halides.

FT-IR analysis of silver nanoparticles (Fig.
6b) indicated different bands at 3416.59, 2922.32,
1649.05, 1519.86, 1384.32, 1040.13cm™ The band
at 3416.59 cm' is the characteristic of the hydroxyl
functional group in alcohol and phenol compounds.
The peaks at 2922.32 and 1649.05 show carbonyl
group and secondary amines and shows CH
stretching for alkanes. The peak at 1649.05 cm
indicate the group , amines and amides .The band
shift in hydroxyl groups and carbonyl groups in FT-
IR spectra approve the oxidation of amides,
alcohols, phenol and carboxylicacides? .

b)

Fig. 6: FTIR spectrum for (a) the Haliclona aqueous extract; and (b) Haliclona formed Ag-NPs
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Fig. 7: XRD patterns of synthesized silver nanoparticles
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XRD

XRD illustrations the typical pattern of silver
nanoparticles synthesized by the marine sponge
Haliclona is crystalline with small size (Fig. 7). Almost
different peaks were observed in the spectra at 26
values of 27.66°, 32.12°, 38.35°, 46.08°, 54.775°,
57. 645°, 78.63° reflection of both silver (Ag) and
silver oxide (Ag,0). A peak at 26 = 32.12° represents
the formation of pure silver (Ag) at the start of the
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Fig 8. SEM image of synthesized silver
nanoparticles using Haliclona
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reaction. The formation of Ag,0 may be due to the
coupling reaction with alcohol (O-H) groups?.

SEM

Scanning electron microscopy has
provided further insight in to morphology and size
detail of silver nanoparticles. This image shows that
the spherical and face centered cubic structures
and particle size between 27 and 46 nm (Fig.8)*.

CONCLUSION

The present investigation is the first report
which used marine sponge for the production of
silver nanoparticles. The results showed that the
extract of marine sponges is capable of reducing
silver nanoparticles extracellularly. The formation
of silver nanoparticles was observed within 4 hours
at 70UC and 50 min at 90U. Also we studied that
the fresh extract has more potential for synthesis of
silver nanoparticle compared to the dried extract.
This technique is simple, rapid, eco-friendly and
nontoxic method without any physical or harmful
chemicals.
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