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Abstract In the present investigation, simple and eco-

friendly chemical reaction for the synthesis reported on

biological synthesis of nano-sized silver and biosynthesis

of silver nanoparticles using Hypnea musciformis at room

temperature along with photocatalytic degradation of

methyl orange dye. The nanoparticles of silver were

formed by the reduction of silver nitrate to aqueous silver

metal ions during exposure to the extract of red alga

H. musciformis. The optical properties of the obtained

silver nanoparticles were characterized by applying UV–

visible absorption and room temperature photolumines-

cence. The X-ray diffraction results revealed that the syn-

thesized silver nanoparticles were in the cubic phase. The

existence of functional groups was identified using Fourier

transform infrared spectroscopy. The morphology and size

of the synthesized particles were studied with atomic force

microscope measurements. Photocatalytic degradation of

methyl orange was measured spectrophotometrically by

using silver as nanocatalyst under visible light illumination.

The results revealed that biosynthesized silver nanoparti-

cles using H. musciformis was found to be impressive in

degrading methyl orange.

Keywords Hypnea musciformis � Cubical phase � Silver

nanoparticles � XRD � FT-IR � AFM � Photocatalytic

degradation

Introduction

The field of nanotechnology is one of the most active areas of

research in modern materials science. Nanoparticles exhibit

completely new or improved properties based on specific

characteristics such as size, distribution and morphology.

New applications of nanoparticles and nanomaterials are

emerging rapidly (Murphy 2008). It is believed that nano-

particles are clusters of atoms in the size range of 1–100 nm

(Williams 2008). Nanoparticles are classified primarily into

two types, viz., organic and inorganic nanoparticles.

The nanoparticles of carbon are called the organic nano-

particles. Magnetic nanoparticles, noble metal nanoparticles

(platinum, gold and silver) and semiconductor nanoparticles

(titanium dioxide, zinc oxide and zinc sulfide) are classified

as inorganic nanoparticles (Kathiresan and Asmathunisha

2013). The metal nanoparticles have magnetic, electronic

and optical properties, which make their usage in different

fields like medicine, agriculture and electronics (Rai et al.

2012). Nanoparticles of silver are widely used in water filters

(Jain and Pradeep 2005) and biosensors (Chen et al. 2007).

Dyes belong to the class of synthetic organic compounds

and are widely used in the textile industry. The removal of

these non-biodegradable organic chemicals from the envi-

ronment is a crucial ecological problem. Many techniques,

such as activated carbon sorption, flocculation, electro-

coagulation, UV-light degradation and redox treatments,

are being routinely used for abating dyes (Kumar et al.

2011). However, due to the ineffectiveness of these tech-

niques in some way or the other, the present scenario

requires better and improved wastewater treatment mea-

sures. Recently, metal nanoparticles were reported as

effective photocatalysts for degrading chemical complexes,

under ambient temperature with visible light illumination

(Mohamed et al. 2012). This can be achieved by increasing
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the optical path of photons leading to a higher absorption

rate of nanoparticles in the presence of a local electrical

field (Garcia 2012). These nanoparticles showed new and

improved properties based on their morphological struc-

tures and characteristics as compared to bulk materials

(Gurunathan et al. 2009). Wang et al. (2008) stated that, Ag

nanoparticles are good, highly efficient and stable photo-

catalysts under ambient temperature with visible light

illumination for degrading organic compounds and dyes.

Moreover, scientists have also shown considerable interest

in using nanoparticles for the photocatalytic degradation of

dyes. Of all marine plants, seaweed-mediated biosynthesis

of Ag nanoparticles have been found to be efficient, cost

effective and environmental friendly (Kumar et al. 2012a,

b). The biosynthetic method employing marine seaweed

extract has received more attention as being simple, eco-

friendly and less time-consuming compared to usual

chemical and physical methods.

The purpose of present study was extracellular synthesis

and photocatalytic degradation of methyl orange using

silver nanoparticles synthesized from Hypnea musciformis.

Materials and methods

Synthesis of Ag nanoparticles

The red alga H. musciformis were collected from pudum-

adam coastal region (9.27� N, 78.99� E) in Gulf of mannar,

southeast coast of India. Immediately after the collection,

the samples were transferred to the laboratory in new

plastic bags containing natural sea water to prevent desic-

cation. Voucher specimen of the H. musciformis (Acces-

sion no. 252) was deposited in a Herbarium in Department

of Botany, Annamalai University. Further, the seaweed

was cleaned with distilled water and shade dried for

15 days (Kumar et al. 2012a, b). Fine powder of the sea-

weed was obtained by using kitchen blender. The seaweed

powder was sterilized at 120 �C for 15 min, 20 g of

powder was taken and mixed with 100 ml of milli-Q water

and kept in boiling water bath at 60 �C for 20 min. The

extract was filtered with Whatman No. 1 filter paper and

stored in a refrigerator at 4 �C for further studies. For the

biosynthesis of silver nanoparticles, 5 ml of alga extract

was mixed with 50 ml of AgNO3 solution and incubated at

28 �C for 24 h. The bio-reduction of AgNO3 into AgNPs

can be confirmed visually by the change in color from

watery to reddish brown (Fig. 1).

Characterization techniques

Characterization of nanoparticles is important to under-

stand and control nanoparticle synthesis and applications

(Al-Warthan et al. 2010). The formation of AgNPs was

confirmed by sampling the reaction mixture at regular

intervals, and the maximum absorption was scanned by

UV–visible spectra, in a range of wavelength between 400

and 550 nm using (Shimadzu, UV-2450, Japan)

spectrometer.

The presence of functional groups in seaweed extract

and synthesized AgNPs was identified by SHIMADZU-

8400 FTIR Spectrometer using KBr pellet technique.

The X-ray diffraction (XRD) patterns of the silver

nanoparticles were recorded using X’PERT PRO diffrac-

tometer with Cu-Ka radiation (k = 1.5406 Å). The crys-

tallite size was estimated using the Scherer equation.

Fluorescence measurements of the synthesized products

with different incubation time were carried out using

VARIAN Spectrometer.

Scanning electron microscopic (SEM) analysis was

done using JOEL JSM-56010 with INSA-EDS machine.

Thin films of the sample were prepared on a gold coated

copper grid by just dropping a very small amount of the

sample on the grid, extra solution was removed using a

blotting paper and then the film on the SEM grid were

allowed to dry by putting it under a mercury lamp for

5 min.

The silver nanoparticles extracted were visualized with

an atomic force microscope. A thin film of the samples

prepared on a glass slides were allowed to dry for 5 min

and then scanned with the AFM.

Photocatalytic degradation

The photocatalytic degradation of methyl orange was

evaluated by biosynthesized Ag nanoparticles (Rashed and

El-Amin 2007). All the experiments were performed out-

door with sun as the main source of light (Wang et al.

Fig. 1 The aqueous extract of H. musciformis before and after

synthesis of AgNPs
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2000). Prior to the experiment, a suspension was prepared

by adding 20 mg of Ag nanoparticles to 50 ml of methyl

orange solution (Fisher Scientific). Later, the mixture was

allowed to stir constantly for about 30 min in darkness to

ensure constant equilibrium of Ag nanoparticles in the

organic solution. During the reaction, the mixture was kept

under sunlight within a Pyrex glass beaker and stirred

constantly. The mean temperature was found to be 29 �C
with 10 h mean shine duration. The absorption spectrum of

the suspension mixture was measured periodically using a

UV–visible spectrophotometer (Shimadzu, UV-2450,

Japan) after centrifugation to ensure the degradation of

methyl orange solution.

Results and discussion

UV–visible spectroscopy

UV–visible spectroscopy is a convenient, preliminary and

indirect method for characterization of Ag nanoparticles

based on optical properties called surface plasmon reso-

nance (SPR) (Kannan et al. 2013).

The silver NPs bands occur at 440 nm with progressive

increase in absorbance upon increasing time until 20 min

as shown in Fig. 2. The observed band in this range has

been associated with Ag nanoparticles confirming the

synthesis of spherical Ag nanoparticles with narrow size

distribution.

FTIR spectrum

FTIR measurements were carried out to identify the pos-

sible biomolecules responsible for the reduction of Ag?

ions and the capping of the bioreduced AgNPs synthesized.

FTIR spectrum shows (Fig. 3) different major peaks posi-

tioned at 3,405.61, 2,958.50, 2,922.09, 2,851.91, 1,639.40,

Fig. 2 UV–visible absorption spectrum of silver nanoparticles after

30 min of incubation

Fig. 3 FTIR spectrum of AgNPs by the extract of H. musciformis

Appl Nanosci (2015) 5:617–622 619

123



1,528.93, 1,228.82, 1,030.72, 693.87 and 663.64 cm-1.

The presence of peak at 3,405.61 cm-1 could be due to O–

H group in alcohols and phenols. A peak observed at

2,958.50 and 2,922.09 cm-1 is due to C–H stretching of

alkanes amide 1 band of proteins. A sharp and intense band

observed at 1,639.40 cm-1 may be recognized to the N–H

band of primary amines. The bands positioned at 1,228.82,

1,158.34, 1,030.72 cm-1 are due to C–N stretching vibra-

tion of aliphatic amines. The observed bands ranged

between 693.87 and 693. 64 cm-1 are due to C–H band of

alkene. After bio-reduction, there is a shift in the absorp-

tion band of 139.40, 1,528.93, 1,507.38 cm-1, maybe due

to the binding of (NH) C=O group with the nanoparticles.

The (NH) C=O groups within the cage of cyclic peptides

are involved in stabilizing the nanoparticles. Thus, the

peptides may play an important role in the reduction of Ag

nanoparticles. The above-mentioned shift was observed in

Codium capitatum (Yang et al. 2012). Several species of

Gracilaria have been reported to contain abundant of

amino acids, fatty acids, vitamins, minerals, phenolic

compounds and carbohydrates (Satyavani et al. 2011).

Satyavani et al. have reported that silver ions may possibly

bind to phenolic compounds with one or more aromatic

ring resulting in the formation of Ag nanoparticles (Kansal

et al. 2006).

Crystal structure analysis and determination

of crystallite size

The biosynthesized silver nanoparticles by using H.

musciformis extracts as shown in the figure (Fig. 4). The

pattern has three main diffraction features corresponding to

(111), (200) and (220) planes and all the three peaks can be

indexed to standard cubic phase of silver (JCPDS card No.

870598,870720 and 893722). No reflection peaks corre-

sponding to nitrate ions and other impurities were noted in

this pattern, indicating the high purity of the final product.

The different peak intensity profile was characteristic of

cubic structure of AgNPs. The size of the particle can be

calculated by using Scherrer formula D = 0.9k/bcosh,

where D is the crystalline size, k is the wavelength of x-ray

Fig. 4 XRD patterns of silver nanoparticles synthesized after 120 h

of incubation

Fig. 5 a SEM micrograph of

Silver nanoparticles synthesized

from the extracts of

H. musciformis and b energy

dispersive spectrometer analysis
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used, b is the full width at half maximum light of the

maximum intensity peak and h is the Bragg’s angle. From

the X-ray line broadening, the crystallite size of the syn-

thesized products is estimated around 17 nm (r = ±10 %).

Particles morphology (SEM and AFM measurements)

The SEM image clearly indicates the shape and morphol-

ogy of AgNPs. From the image (Fig. 5a, b), AgNPs are

found in cubic shape with scattered particle due to the

electrostatistic reflection. EDS analysis was confirmed the

chemical composition of AgNPs with higher accumulation

of Ag.

The surface morphology and size of the Ag nanoparti-

cles harvested after 120 h of incubation were studied by

AFM. The two- and three-dimensional images of the

nanoparticles are shown in Fig. 6a, b. From the 2D view,

well-separated spherical particles are seen. The sizes of the

particles are in the range of 2–55.8 nm. However, most of

the particles were in the range of 12 nm. The 3D view

revealed that the growth direction of all the particles was

almost same confirming the single crystalline nature of the

cubic phase of Ag nanoparticles.

Photocatalytic degradation

Photocatalytic degradation of methyl orange dye was

investigated using biometrically synthesized silver nano-

catalysts by solar irradiation technique at different time

intervals as shown in Fig. 7. The characteristic absorption

peak of methyl orange solution was found to be 420 nm.

Degradation of methyl orange was visualized by decrease

in peak intensity within 10 h of incubation time. There is

no considerable shift in peak position for methyl orange

solution without exposure to Ag nanocatalysts. Kansal

et al. (2006) have reported that compared to other irra-

diation techniques, solar light was found to be faster in

decolorizing methyl orange in the presence of metal cat-

alyst. The adsorption of Ag nanoparticles on the methyl

orange solution was initially low and further increased

with constant increase in time. Altogether, the photocat-

alytic properties of Ag nanoparticles in visible light may

be well due to excitation of SPR, which is nothing but

oscillation of charge density that can propagate at the

interface between metal and dielectric medium (Garcia

2012).

Conclusion

To conclude, this is an efficient, eco-friendly and simple

process. The nanoparticles were found to be active in

degrading methyl orange solution with visible light illu-

mination. These findings suggest that silver nanoparticles

synthesized by facile method from H. musciformis are able

to degrade dyes in the presence of visible light and pave

way for ecological health and environmental

bioremediation.

Fig. 6 a AFM images of synthesized silver nanoparticles using extract of Hypnea musciformis and b corresponding 3D view

Fig. 7 Photocatalytic degradation of methyl orange using silver

nanoparticles synthesized from Hypnea musciformis
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