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Abstract: Herein, Sargassum coreanum (marine algae)-mediated silver nanoparticles (AgNPs) were 

successfully synthesized by a simple reduction method. The synthesized AgNPs were characterized 

using ultraviolet-visible spectroscopy, attenuated total reflection Fourier transformed infrared spec-

troscopy, X-ray diffractometry, field emission scanning electron microscopy (FESEM) with energy-

dispersive X-ray (EDX) spectroscopy, and high-resolution transmission electron microscopy (HR-

TEM) analysis. The acquired colloidal AgNPs were strongly absorbed around 420 nm and displayed 

brown color under visible light. The XRD pattern of AgNPs exposed their face-centered cubic ge-

ometry along with crystalline nature. The HRTEM images of synthesized AgNPs confirmed the 

mean particle size of 19 nm with a distorted spherical shape, and the calculated interlayer distance 

(d-spacing value) was about 0.24 nm. Further, the catalytic degradation of methylene blue using 

sodium borohydride and AgNPs was monitored using UV–vis spectroscopy. The result revealed 

that AgNPs performed as a superior catalyst, which completely degraded MB in 20 min. The rate 

constant for MB degradation was calculated to be 0.106 min–1, demonstrating that the marine algae-

mediated AgNPs had outstanding catalytic activity. This approach is easy and environmentally be-

nign, which can be applied for environmental-based applications such as dye degradation and pol-

lutant detoxification. 

Keywords: Sargassum coreanum; marine algae; silver nanoparticles; methylene blue; catalytic  

degradation  

 

1. Introduction 

In recent days, the impact of industrialization has resulted in a significant rise in 

dyes, insecticides, phenols, and other organic pollutants with potentially toxic by-prod-

ucts [1]. Among various industries such as paper, textile, plastic, rubber, and cosmetics 

utilize dyes extensively. Nearly every day, a large portion of the world’s dye output is 

discharged into the seas during the dying process [2]. Reverse osmosis, adsorption, floc-

culation, coagulation, ultrafiltration, and flocculation are non-destructive traditional wa-

ter treatment methods that simply transfer pollutants from one stage to another, resulting 
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in a secondary waste issue [3]. Because these compounds are resistant to natural degrada-

tion, their ever-increasing quantities in the environment, particularly in water sources, are 

a cause of worry for society and regulatory agencies all over the globe [4]. For the total 

degradation of dyes, most typical water treatment procedures such as membrane filtra-

tion, adsorption, and chemical treatment are inadequate [5,6]. On the other hand, these 

technologies produce secondary pollutants such as poisonous gases and sludge as solid 

wastes that must be treated subsequently. As an alternative, catalysis plays a major role 

in the complete degradation of organic pollutants [6–9]. 

Methylene blue (MB) is a blue cationic thiazine dye widely used in dyeing cotton, 

wool, and silk [10]. It has three mesomeric configurations, with the positive charge located 

on either the amine nitrogen atom or the sulfur atom [11]. Because of its bright color and 

toxicity, the presence of this dye in the effluent can pose a serious hazard viz., stomach 

pain, vomiting, and dysentery to individuals and indirectly affect the ecosystem [12]. 

Physical methodologies such as adsorption [13], precipitation[14], and reverse osmosis 

[15]; chemical techniques such as oxidation [16] and reduction [17]; and biological meth-

ods such as aerobic and anaerobic intervention have all been often used to clean dye-con-

taining wastewaters [18]. On the other hand, overdosing on MB can produce central nerv-

ous system toxicity; therefore, its breakdown is both environmentally and physiologically 

essential. Noble metal nanoparticles, such as Au, Ag, Pd, Pt, and Cu, have been exten-

sively studied for efficient catalytic reduction and decoloration of dyes in an aqueous 

phase at room temperature [19–23]. These catalysts have already demonstrated significant 

characteristics such as increased efficiency, eco-friendly processing, and easy implemen-

tation. Among them, silver nanoparticles (AgNPs) are a popular redox catalyst that re-

quires less activation energy and provides a unique electron transfer reaction route. Con-

sequently, AgNPs promote electron transport during the process and assist in the degra-

dation of the MB dye [24]. 

AgNPs are significant materials that have been widely explored [25]. These nanoscale 

materials are used in biosensing [26], catalysis [27], imaging [28], nanodevice [29], drug 

delivery [30], and medicine [31] because they have superior electrical, optical, and biolog-

ical capabilities [32]. The usage of AgNPs as a nanocatalyst in the context of environmental 

degradation of MB is perhaps the most notable of these applications [33]. Despite the fact 

that many synthetic approaches in material synthesis are widely reported, researchers 

throughout the globe are still looking for acceptable biomaterials for the biosynthesis of 

AgNPs [32,34]. Though several physicochemical approaches may be used to create 

AgNPs, they are both costly and possibly hazardous to the environment. On the other 

hand, chemical procedures use harmful compounds as reducing agents, liquid hydrocar-

bons, and non-biodegradable stabilizing agents, posing a risk to the environment and bi-

odiversity [32]. In an environmentally friendly approach, the use of biological entities such 

as microbes and plant extracts might replace chemical and physical processes for the green 

synthesis of AgNPs [35]. 

The use of biological species to synthesize nanomaterials is gaining popularity since 

biological approaches are less costly, nontoxic, and ecologically friendly “green chemis-

try” procedures [36]. When opposed to a microbial-based method, using plants and plant 

extracts to synthesize nanoparticles has the benefit of eliminating the time-consuming 

procedure of preserving cell cultures [37]. Biogenic synthesis can create vast numbers of 

nanoparticles free of contaminants, have a well-defined size and shape, and have a low 

environmental effect [38]. In this present investigation, we use the extract from Sargassum 

coreanum (marine algae) to synthesize AgNPs and their application toward the degrada-

tion of MB. Terpenoids, volatile hydrocarbons, oxylipins, phlorotannins, and steroids are 

among the secondary metabolites produced by marine algae [39]. Several of these com-

pounds have been shown to have a wide range of biological activities, including antibac-

terial, cytotoxic, and antioxidant behavior, as well as inhibitory action against a variety of 

enzymes [40]. Reducing sugars in the marine algae extract allows the Ag ions to be readily 

reduced to AgNPs, while the alkaloids and amino acids from the extract stabilize the 
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AgNPs by electrostatic interaction that helps against agglomeration, lead  better nano-

particle stability [41]. Polysaccharides, polyphenols, protein content, and other phytocon-

stituents are also found in the Sargassum coreanum. The reduction of AgNO3 to AgNPs is 

mainly due to these phytoconstituents [42–46]. Furthermore, Sargassum coreanum is abun-

dant in water bodies and is readily available at no cost. As a result, the Sargassum coreanum 

was utilized as a perfect reducing and stabilizing agent for the synthesis of AgNPs to-

wards MB degradation. 

2. Results and Discussion 

2.1. Characterization of the Prepared Silver Nanoparticles 

One of the extensively adopted techniques for structural characterization of metal 

nanoparticles is UV-Vis spectroscopy. Figure 1 depicts the UV-vis spectra of algae extract 

and prepared AgNPs. The algae extract shows two major absorbance peaks in the UV-

region at 220 and 275 nm attributed to the π–π* and n–π* transitions of phytoconstituents, 

while the synthesized AgNPs mainly absorbed in the visible region at 420 nm and display 

brown color due to the surface plasmon resonance of AgNPs. This result indicated the 

formation of colloidal AgNPs [47]. The absorption curve morphologies indicate that the 

nanoparticles were well disseminated and spherical in shape [48]. Because the surface-to-

volume ratio rises with decreasing particle size, it is well understood that the size and 

shape of Ag NPs have a significant impact on their optical characteristics [49]. Moreover, 

the surface plasmon resonance due to the obvious interaction among incoming light and 

electrons present in the conduction band on the AgNPs surface are considered to be re-

sponsible for these nanoparticles to be substantially absorbed in the UV–vis range [47]. 

 
Figure 1. UV-vis spectra of algae extract and prepared Ag NPs. 
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ATR-FTIR is a valuable technique for determining the role of functional groups at-

tached to the metal particles. FTIR studies were used in this investigation to detect the 

functional groups that may be responsible for capping and stabilizing the Ag NPs, thereby 

accessing their quality and nature, as shown in Figure 2a. The vibrations of the –OH, –

NH, and –CH2 functional groups present over the AgNPs, having the origin from algae 

extract, exhibited strong absorption bands around at 3400, 3220, and 2935 cm–1, respec-

tively [50]. The O–H stretching vibration of water molecules adsorbed on the AgNPs sur-

face caused a high absorption around 3400 cm–1. The additional bands occurred at 1714, 

1610, 1454, 1202, and 1035 cm–1, perhaps owing to the stretching of the –C=O, –C=C, –C–

N, –C–OH, and –C–O–C groups, respectively. Furthermore, the bands representing –O–

H/–N–H bending vibrations occurred at 1325 cm–1. These functional groups may play an 

important role in AgNPs’ green production. During the synthesis, the presence of hy-

droxyl and carboxylate groups enhances the complexation of Ag ions. Individual Ag ions 

were then reduced to elemental Ag by in situ oxidation of hydroxyl and carbonyl groups. 

The FTIR substantiates this postulated process as well. However, the probable process is 

unknown and has to be investigated extensively. 

The XRD spectrum of AgNPs synthesized with algae extract is shown in Figure 2b. 

The values of synthesized AgNPs in the spectrum (2θ =) are 38.0°, 44.2°, 64.4°, and 77.2° 

respectively, which correlate to the diffractions of the (1 1 1), (2 0 0), (2 2 0) and (3 1 1) 

crystalline planes of face-centered cubic of Ag (JCPDS File No. 00-004-0783) [51]. The (1 1 

1) plane has the highest intensity, implying that the produced AgNPs are widely dis-

persed in this plane. The crystallite size of synthesized AgNPs was also determined using 

Scherrer’s formula from the full width at half maximum (FWHM) of the peak representing 

(1 1 1) plane [52]. Notable, the size of produced AgNPs was determined to be 17 nm. Ad-

ditionally, to calculate the lattice spacing, the peak corresponding to the (1 1 1) crystalline 

plane was selected and found to be 0.24 nm. 

 

Figure 2. ATR-FTIR and XRD studies of AgNPs. (a) ATR-FTIR spectrum and (b) XRD pattern of prepared AgNPs. 

The surface morphology and elemental composition of the AgNPs synthesized from 

Sargassum coreanum were examined by FESEM with EDX mapping analysis, as shown in 

Figure 3. The micrographs (Figure 3a–d) reveal that AgNPs formed are nearly spherical 

and are found to be in aggregates. The phytoconstituents present in the extract of Sargas-

sum coreanum that forms a layer over these AgNPs may be considered to be responsible 

for this aggregate behavior of AgNPs. During the FESEM sample preparation, these 

AgNPs were coated over silicon (Si) substrates and kept for drying to remove the moisture 

present. Consequently, these AgNPs also tend to get aggregated during the expelling of 

water from the samples during the drying process. The area of AgNPs shown in Figure 

3d was selected for elemental mapping and shown as (Figure 3e–h). From the mapping, 
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the presence of elements Ag, carbon (C), oxygen (O), and nitrogen (N) are visible from the 

colors magenta, green, red, and yellow, respectively. Among these elements, Ag species 

were densely and uniformly dispersed as majority constitutes compared to other ele-

ments. The source of Ag is from AgNO3, which was used as the precursor for synthesizing 

the same. The results from XRD well coincide with this observation regarding the for-

mation of crystalline AgNPs. At the same time, the other elements C, O, and N have their 

origin from the phytoconstituents present in Sargassum coreanum extract. In addition, the 

EDX spectrum shown in Figure 3i illustrates the elemental composition of prepared 

AgNPs. The spectrum depicts energy peaks corresponding to Ag, C, O, N, Si, and Plati-

num (Pt). Here, Si has its source from Si wafer used as a substrate for sample preparation, 

whereas Pt is used as its ohmic contact. 

 

Figure 3. FESEM studies of AgNPs. (a–d) FESEM images with different magnifications of prepared AgNPs and the corre-

sponding elemental mapping of (e) Ag, (f) C, (g) O, (h) N. (i) EDX spectrum of prepared AgNPs. 

The morphology and size of green synthesized AgNPs were determined by 

TEM/HRTEM analysis, as shown in Figure 4. AgNPs are observed to be distinct particles 

with almost spherical shapes. Interestingly, no remarkable agglomeration in the particles 

was seen due to the presence of various functional groups attached to the surface of 

AgNPs, as confirmed from the ATR-FTIR analysis. From the TEM images, it was noticed 

that the AgNPs were engulfed by a thin amorphous layer, presumed to be the presence of 

left-over extract surrounding the nanoparticles. The particle size distribution graph (inset 

of Figure 4a) reveals the size of AgNPs was in the range of 10–30 nm. Based on Gaussian 

fitting, the particle size of AgNPs was determined to have an average size of 19 nm. More-

over, the lattice fringes are clear from the HRTEM image (Figure 4d), and the d-spacing 

was determined to be 0.24 nm, which conforms to the AgNPs (1 1 1) plane. Noteworthy, 
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this observation well coincides with XRD [53]. The crystallinity of the produced nanopar-

ticles was further corroborated by high-resolution pictures that revealed distinct lattice 

fringes. 

 

Figure 4. HRTEM images of AgNPs. (a,b) TEM images (inset (a) is a particle size distribution graph) and (c,d) HRTEM 

images of prepared AgNPs. 

The plausible mechanism of AgNPs synthesis from the extract of Sargassum coreanum 

is illustrated in Figure 5. The extract of Sargassum coreanum has several phytoconstituents 

such as polysaccharides, polyphenol contents, and so on [54]. Furthermore, lignans are 

the key constituents in the marine algae extracts, which encompass metabolites such as 

ethyl acetate, petroleum ether, and methanolic extract can be responsible for the bioreduc-

tion reaction of Ag ions (AgNO3 to AgNPs) and nanoparticle (AgNPs) stabilization [55]. 
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Figure 5. A plausible mechanism of silver nanoparticles synthesis from the extract of Sargassum coreanum. 

2.2. Dye Degradation Efficiency of the Prepared Silver Nanoparticles 

UV–vis spectroscopy was used to investigate the catalytic activity of produced 

AgNPs on the degradation of MB, as shown in Figure 6a. Aqueous MB's UV–vis spectrum 

displays two peaks in the visible region at 612 and 665 nm [56]. The degradation of MB 

did not happen in the control reaction when NaBH4 was used solely, i.e., without AgNPs. 

Moreover, when AgNPs were added to solutions containing MB and NaBH4, MB degra-

dation began very quickly, as seen by the progressive disappearance of blue color and 

decline in UV–vis spectra. Figure 6a shows the UV–vis spectra of MB degradation as a 

function of time. The absorbance intensity of MB steadily dropped with the addition of 

AgNPs + NaBH4 as the reaction time increased, indicating that produced AgNPs have sig-

nificant catalytic efficiency. The MB degradation was finished within 20 min, as evidenced 

by the decolorization of blue color and decrease in absorption intensity. For better visual-

ization and confirmation in the transition of MB color from blue to transparent, a photo-

graphic image of the process is shown in Figure S1. For comparison, Figure 6b shows the 
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effect of MB degradation with time using only AgNPs, based on UV-vis absorbance. In-

terestingly, there were no significant changes in the intensity of absorbance peaks, indi-

cating no occurrence of MB degradation. Figure 6c shows the degrading efficiency of MB 

for three set of reactions ((MB + NaBH4), (MB + AgNPs +NaBH4), and (MB + AgNPs)) at 

different reaction durations. It was very clear from the graph, MB degradation did not 

happen with (MB + AgNPs) and (MB + NaBH4) combination reaction, as indicated by the 

merging of the two lines with zero slope. Whereas the linear red line represents degrada-

tion using (MB + AgNPs + NaBH4), confirming complete degradation (>99%) of MB was 

accomplished in 20 min. Notable, from the pseudo-first-order kinetic plot shown in Figure 

6d, the degradation of MB by AgNPs with NaBH4 is predicted to be pseudo-first-order. 

Additionally, the degradation of dye MB and response time were shown to have a linear 

correlation. The linear line’s mathematical equation is Y = –0.106X + 0.083 (Y = mX + C), 

where m-line’s slope, C-line’s intercept. The linearity factor (R2) was determined as 0.981. 

The rate constant (k) for the degradation of MB using AgNPs was derived from the 

straight-line gradient value based on the previously reported literature [37,57–59] and is 

0.106 min–1. Moreover, the MB degrading efficiency was calculated to be >99%. Conse-

quently, the biosynthesized AgNPs from algae proved to be a reliable and potential can-

didate to degrade MB. 

 

Figure 6. Degradation studies. (a) UV-vis absorbance of methylene blue with prepared silver nanoparticles and NaBH4 at 

different reaction times, (b) UV-vis absorbance of methylene blue with prepared AgNPs at different reaction time (c) deg-

radation efficiency (%) of silver nanoparticles towards the methylene blue, and (d) pseudo-first-order kinetic plot for the 

degradation of methylene blue. 



Catalysts 2021, 11, 1377 9 of 13 
 

 

A plausible mechanism of methylene blue degradation in the presence of the pre-

pared AgNPs is illustrated in Figure 7. In general, MB is made stable and colorless in an 

aqueous solution by reducing MB into leuco-methylene blue (LMB) and MBH2+ [19]. In an 

oxidizing state, MB becomes blue and is easily reduced by reducing agents to the colorless, 

leuco forms (degraded product, DP) [60]. The Langmuir–Hinshelwood model was used 

to describe the possible mechanism for AgNPs aided catalytic breakdown of MB [61]. 

NaBH4 serves as both an electron donor and a hydrogen supplier in this scenario. AgNPs 

act as an intermediate to transfer the electrons between BH4- ion and MB because of their 

high negative potential (–1.8 V vs. NHE) [33,62]. After adding NaBH4 to a solution having 

MB and AgNPs, the BH4– ion from NaBH4 and MB molecules adsorb on the AgNPs sur-

face, resulting in instantaneous electron and hydrogen transport. Diffusion among ad-

sorbed molecules causes desorption of the colorless degraded by-product that might give 

additional catalytic sites for the breakdown of MB attributable to AgNPs wide surface 

area. 

 
Figure 7. A plausible mechanism of methylene blue degradation in the presence of the prepared silver nanoparticles. 

3. Experimental  

3.1. Materials 

Sargassum coreanum (marine algae) was collected from the sea-source area (Beach), 

Busan, Republic of Korea. Silver nitrate (AgNO3), sodium borohydride (NaBH4), and 

methylene blue were purchased from Sigma-Aldrich, Seoul, Republic of Korea. All the 

chemicals were used as received. Distilled water was used throughout this work. 

3.2. Preparation of Silver Nanoparticles 

AgNPs were prepared from the marine algae extract, as shown in Scheme 1. The ma-

rine algae were well cleaned with water, dried, and finely powdered. 5 g of powdered 

algae in 100 mL of distilled water was heated at 80 °C for 30 min, cooled to room temper-

ature, and filtered with Whatman 40 filter paper. The resulting filtrate was employed to 

prepare AgNPs, where 5 mL of the aqueous extract was added to 20 mL of 0.1 M AgNO3 

solutions at room temperature (25 °C) to produce AgNPs. The color of the AgNO3 solution 

changed from colorless to brown after 12 h, indicating the occurrence of AgNPs. To sepa-

rate the AgNPs, the final solution was subjected to centrifugation at 15,000 r.p.m. After 

centrifugation, the obtained supernatant AgNPs was taken further for the MB degrada-

tion. 
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Scheme 1. Preparation of AgNPs using marine algae at room temperature. 

3.3. Catalytic Degradation Measurements 

The prepared AgNPs were employed as a catalyst in the degradation of methylene 

blue (MB) using NaBH4, which was done in a quartz UV cuvette. Then, 2 mL (50 µM) of 

MB was mixed with 0.95 mL (0.005 M) of aqueous NaBH4 and 0.05 mL of AgNPs. The 

degradation dynamics of MB were observed using an OPTIZEN 3220UV spectrophotom-

eter. The degradation efficiency (%) and the reaction rate constant of degradation (pseudo-

first-order) were calculated using the following Equations (1) and (2). 

Degradation efficiency (%) = �
�����

��
� × 100 (1)

Pseudo-first-order (–kt) = �� �
��

��
�  (2)

where, A0 and At are the absorbance of MB at 0 and t time, respectively. k is the degrada-

tion reaction rate constant. 

4. Conclusions 

To sum up, we present a green synthesis of AgNPs from marine algae extract that is 

easy, quick, and economical. Employing algae as a template, we were able to produce 

AgNPs quickly from AgNO3. The algae act as a framework for both reduction and stability 

of the AgNPs formed. The approach follows the “green chemistry” principle. The for-

mation of AgNPs has been demonstrated using UV–vis spectroscopy, ATR-FTIR, XRD, 

and TEM/HRTEM. The synthesized AgNPs with the average particle size of 19 nm were 

purely crystalline, as confirmed by HRTEM analysis. With reference to the ATR-FTIR and 

HRTEM data, it was discovered that phytoconstituents in the extract prevent AgNPs from 

agglomeration and make them very stable. The rate constant for MB degradation was cal-

culated to be 0.106 min–1, which proved AgNPs from marine algae extracts to possess ex-

cellent catalytic activity for the complete degradation of MB in a short interval of time of 

20 min. Moreover, AgNPs are bestowed with maximum MB degradation efficiency of 

>99%. In the near future, these AgNPs prepared from marine algae extract are attractive 

prospects for various pharmacological, biological, and environmental applications due to 

their rapid and efficient surface reactivity. 
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Supplementary Materials: The following are available online at www.mdpi.com/arti-

cle/10.3390/catal11111377/s1, Instrumentation methods and catalytic degradation measurement of 

the prepared AgNPs, Figure S1: Visual observation of methylene blue degradation using AgNPs. 
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