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Abstract. Metal nanoparticles that are widely studied in optoelectronics, catalysis, medicine, and sensors 

offer remarkable optical and electronic properties. To address the cost and environmental concerns 

associated with their synthesis, this study employs an environmentally friendly method using Laureus 
nobilis extract to produce silver and zinc nanoparticles, which are prominent in nanotechnology.  

This study includes investigations of factors such as reaction time, AgNO3/laurel ratio, 

Zn(Ac)2·H2O/laurel ratio and temperature in nanoparticle biosynthesis to optimize the process. The next 

stage was set to evaluate the photocatalytic performance of these nanoparticles, specifically against the 

methylene blue dye under dark and UV light conditions. Parameters such as pollutant decomposition, 

degradation rate, catalyst stability, and nanoparticle recovery were analysed. Structural characterization 

of the obtained nanoparticles was performed using UV-Vis, FTIR, SEM, and XRD techniques.  

The photocatalytic results showed significant degradation percentages for LB-AgNP (silver nanoparticles 

synthesized with Laureus nobilis extract) (97.5%) and LB-ZnNP (zinc nanoparticles synthesized with 

Laureus nobilis extract) (90.9%). LB-ZnNP showed superior performance. Therefore, LB-AgNP and  

LB-ZnNP are promising photocatalysts for water purification and the elimination of toxic organic 
pollutants. 
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Introduction 

Nanotechnology is an important and active 
field of modern science. Biosynthesis in 

nanotechnology involves the production of 

nanoparticles using living organisms, such as 
plants, microorganisms, and fungi, and is often 

referred to as green chemistry for metallic 

nanoparticles [1]. Biosynthesis is now a widely 

used method, but meeting all the criteria of  
green chemistry, such as safety, one-step  

reactions, minimal waste, renewable resources, 

environmental friendliness, easy product 
separation, and 100% yield, can be challenging in 

practice [2-5]. The use of metal and metal oxide 

nanoparticles such as Ag, Cu, TiO2, and ZnO in 
antibacterial applications is increasing because of 

their higher reactivity compared with bulk 

materials [6]. Ag and ZnO nanoparticles are used 

as both stabilizing and reducing agents in 
manufacturing processes. Silver nanoparticles are 

characterized by high electrical conductivity and 

local surface plasmon resonance properties [7]. 
Among metal oxide nanoparticles, ZnO 

nanoparticles are more significant than other metal 

oxide nanoparticles because of their catalytic and 
chemical activities, piezoelectric properties,  

UV protection capabilities, and availability  

[8,9]. In addition, ZnO is a white inorganic 

semiconductor and water-insoluble material found 
in the structure of certain enzymes, proteins, and 

hormones [10,11]. Plant material are a good option 

for use in nanoparticle synthesis because they do 
not contain toxic chemicals and can directly 

synthesize natural reducing agents. For example, 

gold and silver nanoparticles can be obtained  
from plant extracts [2,3]. The laurel plant  

(Laurus nobilis) grows in the Mediterranean and 

southeastern Europe. The essential oil of the laurel 

plant contains several active compounds such as 
terpineol and cineole. These compounds may have 
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antimicrobial, antifungal, hypoglycemic, and 
antiulcerogenic properties [12]. 

Photocatalysis uses light energy to initiate 

and accelerate chemical reactions. In recent years, 
the photocatalytic properties of metal nanoparticles 

have attracted considerable attention. These 

properties allow efficient utilization of light 

through photocatalytic reactions occurring on  
the surfaces of semiconductor nanoparticles.  

In particular, silver and zinc nanoparticles have 

become particularly attractive for photocatalytic 
applications [13-15]. 

Silver nanoparticles exhibit strong 

photocatalytic activity because of their large 

surface area and plasmonic properties. When 
stimulated by ultraviolet or visible light, the 

electrons on the surface of these nanoparticles can 

be excited, leading to the generation of free 
radicals and contributing to photocatalytic 

reactions. These properties have enabled silver 

nanoparticles to find potential applications in 
various fields such as antimicrobial activity, water 

purification, air pollution control, and solar energy 

conversion [16,17]. 

In contrast, zinc nanoparticles also have 
photocatalytic properties. Zinc is a semiconductor 

metal involved in photocatalytic reactions. The 

photocatalytic activity of zinc nanoparticles is 
associated with the absorption of light and the 

generation of electron/hole pairs. These 

electron/hole pairs can participate in photocatalytic 
reactions that lead to the degradation of organic 

pollutants and the removal of harmful compounds. 

Therefore, zinc nanoparticles have significant 

potential for photocatalytic applications in areas 
such as water purification, air ventilation systems, 

and solar cells [18-20]. 

The goal of this study was to investigate the 
biosynthesis and photocatalytic activity of silver 

and zinc nanoparticles using laurel extract. The 

synthesized nanoparticles were characterized using 

UV-Vis and FTIR spectroscopy, SEM (scanning 
electron microscopy), and XRD (X-ray diffraction) 

techniques. The degradation percentages of 

methylene blue dye, chosen as an organic 
pollutant, were evaluated after photocatalytic 

processes in the dark and under UV light using the 

synthesized nanoparticles. 
 

Experimental 

Materials 

Reagents including silver nitrate, zinc 
acetate, and methylene blue and solvents such as 

ethanol (98%), methanol (99%), acetonitrile 

(99%), and chloroform (99%) were commercially 
purchased from Sigma-Aldrich.  

Methods 

Various devices were used to characterize 

the synthesized nanoparticles. The UV-3600 Plus 

Shimadzu device was used for the UV-Vis spectral 
analysis of nanoparticles formed under different 

conditions. To determine the formation of Ag  

and Zn nanoparticle synthesis, laurel extract 

reacted with AgNO3 and Zn(Ac)2·H2O, and the 
samples were analysed using FTIR spectroscopy 

with a Shimadzu IR Affinity-1 instrument. 

Morphological properties were studied by 
scanning electron microscopy using a TESCAN 

MAIA3 XMU instrument. Finally, XRD analysis 

was performed to determine the nanoparticle 

crystal structure using a Rigaku Smartlab 
instrument with a step pitch of 0.02° 2θ and an 

increment rate of 2° 2θ/min. 

Extraction of laurel leaves 

LB-AgNPs and LB-ZnNPs were 

synthesized using laurel extract as a reducing 

agent. Laurel leaves (Laurus nobilis) were 
collected in Balamba, Bartin province. After 

thorough washing with tap and distilled water, the 

leaves were dried. For nanoparticle synthesis, dried 

laurel leaves were boiled in distilled water for 1 h. 
The resulting extract was filtered to remove 

impurities and stored at +4°C for future use. 

Biosynthesis of Ag and Zn nanoparticles 

Well washed bay leaves were mixed with 

deionized water in a blender and a homogeneous 

extract was obtained. The extract was filtered 
through a glass strainer and cleaned. An amount of 

0.01 mol 20 mL AgNO3 and Zn(Ac)2·2H2O salts 

were dissolved separately in deionized water.  

A certain amount of 50 mL of the prepared  
bay leaf extract was added to the AgNO3  

and Zn(Ac)2·2H2O solutions separately, and a 

homogeneous mixture was obtained. The reaction 
temperature was controlled by heating at 70°C 

using a water bath. The reaction progress  

was monitored by UV-Vis spectroscopy.  

The spectroscopy was scanned in the range of  
200-800 nm, and plasmonic resonance peaks were 

observed. The effects of reaction time and 

AgNO3/laurel extract and Zn(Ac)2·H2O/laurel 
extract ratios on the formation of Ag and  

Zn nanoparticles were investigated. The obtained 

nanoparticles were washed twice with distilled 
water and twice with alcohol, dried in a vacuum 

oven, and swollen for characterization analysis.  

As a result of the experiment, LB-AgNPs and  

LB-ZnNPs were synthesized. 
Determination of the photocatalytic properties 

The photocatalytic properties of the  

obtained nanoparticles were evaluated by UV-Vis 
spectroscopy. For this purpose, the model 
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compound, methylene blue (10-5 M), was placed in 
a quartz cuvette (3x10-3 L), and varying amounts of 

catalyst were added. The photocatalytic activity of 

LB-AgNPs and LB-ZnNPs was investigated by 
degrading methylene blue dye in quartz tubes 

under UV light irradiation. An unfiltered  

UV-C tube lamp (15 W, length 41 cm, diameter  

2.5 cm), model G15T8 (Philips, Holland), was 
utilized as the irradiation source (λ=  254 nm). 

Changes in the absorption were observed  

every 30 min using a UV-Visible absorption 
spectroscopy. The same procedure was repeated to 

determine the activity of the photocatalyst in the 

dark. After determining the catalyst amount  

(1.6 mg/3x10-3 L), the effect of this catalyst amount 
on the dye was examined. 

 

Results and discussion 

UV-Vis and FTIR analysis results 

Yassin, M.T. et al. stated that the main peak 

observed in the UV spectrum of AgNPs between 
242 and 300 nm is associated with biomolecules in 

the plant extract [21]. They also stated that the peak 

at 374 nm was assigned to biogenic AgNPs.  

The results obtained demonstrate the successful 
formation of AgNPs by the transition from 374 nm 

to 444 nm because of the intervention of 

biomolecules in the plant extract [22,23]. In a 
previously performed study [24], the main feature 

of ZnO NPs produced with thyme leaf extract is 

that they have a high absorbance in the UV region 
below 400 nm and a low absorbance in the visible 

region. The results of the UV-Vis spectroscopy 

analysis showed excellent agreement with those of 

previous studies [24]. 
The formation of silver and zinc 

nanoparticles was confirmed through UV-Vis 

analysis (Figure 1). The reduction of Ag+ ions to 
Ag0 metals in the LB-AgNP complex using laurel 

leaf extract resulted in the excitation of surface 

plasmon resonance, which was measured using 

UV-Vis spectroscopy. The UV-Vis spectral peaks 
of LB-AgNPs were recorded at 375 and 383 nm. 

The UV-Vis spectral peaks of LB-ZnNPs were 

recorded at 350 and 354 nm, respectively.  
The UV-Vis analysis results demonstrate 

that Ag and Zn nanoparticles have been 

successfully synthesized. To support this result and 
determine the pathways of Ag and Zn nanoparticle 

synthesis, FTIR spectra of the obtained 

nanoparticles were obtained. The presence of 

various functional groups in the molecules 
responsible for the biological reduction and 

stabilization of LB-AgNPs was determined by 

FTIR analysis. The observed intense bands were 
compared with standard values to identify the 

functional groups. The value of 1243.86 cm-1 was 
obtained from the CN stretching, and the bending 

of NH, which is the most probable composition  

for amid-III to be an oxime, was obtained at  
3597.54 cm-1 (Figure 2) [25]. Since the plant 

extract used in both nanoparticles is the same, 

similar peaks are seen at similar points.  

For example, the peak seen in both nanoparticles in 
the 3200-3500 cm-1 range is due to the  

O-H stretching of alcohol and phenolic 

compounds. These compounds are often shown to 
be directly responsible for the reduction in Ag and 

Zn. The band around 3000 cm-1 is due to the 

aromatic C-H stretching mode. The absorption 

peak at 1550 cm-1 is due to C-C in the aromatic 
ring. The peak at 1380 cm-1 is due to the C-O-C 

stretching mode. These peaks are similar to those 

reported in previous studies. 
 

 

Figure 1. The UV-Vis spectra of biosynthesized 

LB-AgNPs and LB-ZnNPs. 

 

 

Figure 2. The FTIR spectra of  

LB-AgNP LB-ZnNPs were obtained  

using the biosynthesis method.  
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XRD analysis results 

The XRD patterns of the LB-AgNPs and 

LB-ZnNPs are shown in Figure 3. On the basis of 

the XRD analysis results of LB-AgNPs, the 
obtained data provide information about the crystal 

structure and dimensions. The most prominent 

peak in the graph is observed at approximately  

38 degrees in the 2θ angle. This peak may reflect a 
fundamental characteristic of the crystalline 

structure of silver nanoparticles. This peak at a  

2θ angle is quite close to the typical value of  
38.2 degrees for silver in the JCPDS card  

no. 04-0783 database, indicating that the crystal 

structure of silver nanoparticles consists of silver 

atoms. The most prominent peak in the XRD 
pattern of LB-ZnNPs is observed at approximately 

36 degrees in the 2θ angle. This peak may reflect a 

fundamental characteristic of the crystalline 
structure of zinc nanoparticles. This peak at a  

2θ angle is quite close to the typical value of  

36.4 degrees for zinc in the JCPDS card  
no. 79-2205 database, indicating that the crystal 

structure of zinc nanoparticles consists of zinc 

atoms.  

The widths of the peaks in the XRD pattern 
are associated with the nanoparticle size and 

interplanar spacing. The broad and low-intensity 

background of the peaks may indicate a wide size 
distribution of nanoparticles and the presence of 

nanoparticles of different sizes. This wide size 

distribution suggests that the silver and zinc 
nanoparticles obtained through biosynthesis may 

have a heterogeneous structure. In addition, other 

peaks or small clusters of peaks in the XRD pattern 

may reflect different surface arrangements or 
defects in the crystal structure of nanoparticles. 

These defects may arise from variations in the 
biosynthesis process of nanoparticles and can 

affect interplanar bonding. 

In the study by Gul, R. et al., measurements 
were made between 2θ 20 and 80° for Ag 

nanoparticles obtained from Kalanchoe  

tubiflora [26]. The results show that four Bragg 

peaks corresponding to the 111, 200, 220, and 311 
crystal planes of Kt-AgNPs are well observed and 

are located at 38.22°, 46.32°, 64.34°, and 76.46°, 

respectively [26]. Karam, S.T. et al. obtained  
ZnO NPs from thyme leaves and found that the 

average particle sizes measured along the 

diffraction peak (002) of biosynthesized ZnO NPs 

were 35.202, 35.203, 56.249, and 63.308 [24]. 
SEM results 

On the basis of the SEM analysis results of 

zinc nanoparticles, information about nanoparticle 
morphology and distribution can be obtained.  

The observed images reveal the surface 

characteristics of the zinc nanoparticles obtained 
through biosynthesis. In the SEM images of  

LB-AgNPs, round or oval-shaped nanoparticles 

are generally observed. These round or oval shapes 

could be indicative of the silver crystal structure of 
the nanoparticles and may be associated with the 

biosynthesis process (Figure 4(a)). Furthermore, 

upon examining the SEM images of LB-ZnNPs,  
it was determined that the nanoparticle structures 

were rod-like in shape (Figure 4(b)). The size 

distribution of the nanoparticles can also be 
estimated from the SEM images. The nanoparticles 

of various sizes can be observed in the images. 

These nanoparticles of different sizes may arise 

from variations in the biosynthesis process, 
nucleation, and growth mechanisms.  

 

 

(a) (b) 

Figure 3. XRD spectra of the biosynthesized LB-AgNP (a) and biosynthesized LB-ZnNPs (b).  
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In addition, in the SEM images, it may be 
observed that nanoparticles tend to agglomerate  

or bind to each other. These agglomerations  

could be a result of the surface energies or 
interactions of the nanoparticles. The presence of 

agglomerations indicates that silver and zinc 

nanoparticles can combine to form aggregates  

with different structural properties. In addition, 
irregularities or surface defects of nanoparticles 

may be observed in the SEM images.  

These irregularities could be a reflection of the 
structural changes that occur during the 

biosynthesis process. In conclusion, SEM analysis 

revealed the surface morphology, size distribution, 

and agglomeration tendency of silver and zinc 
nanoparticles obtained through biosynthesis. 

Photocatalysis results 

First, a catalyst amount study was conducted 
to determine the amount of catalyst to be used.  

For this purpose, the model compound,  
methylene blue (10-5 M), was placed in a  

quartz cuvette (3x10-3 L), and varying amounts  

of catalyst were added. Changes in the  
absorption were observed every 30 min using a 

UV-Visible absorption spectroscopy. The same 

procedure was repeated to determine the  

activity of the photocatalyst in the dark.  
After determining the catalyst amount  

(1.6 mg/3x10-3 L), the effect of this catalyst amount 

on the dye was examined.  
The photocatalytic degradation of 

methylene blue was investigated in the presence of 

LB-AgNPs under a UV light source. The changes 

in the absorption spectra of methylene blue in the 
presence of LB-AgNPs under UV light are shown 

in Figure 6. The intensity of the absorption bands 

of the dyes decreased in the presence of the 
catalyst. 

 

 

  

(a) (b) 

Figure 4. SEM images of the obtained nanoparticles, LB-AgNP (a) and LB-ZnNP (b). 

 
 

  

Figure 5. The percentages of methylene blue 

degradation with different quantities of 

nanoparticles which were used as catalysts. 

Figure 6. Changes of the UV-Vis spectrum  

of the methylene blue as a function of time  

in the presence of the LB-AgNP catalyst.  
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As shown in Figure 7, the characteristic 
absorption band of methylene blue at 640 and  

664 nm has disappeared in the presence of the  

LB-AgNP catalyst after 150 min. At the end of  
150 min, methylene blue was degraded by 97.5% 

in the presence of the LB-AgNP catalyst. Figure 8 

illustrates the changes in the degradation efficiency 

of methylene blue organic dye in the presence of 
the catalyst and light sources as a function of 

irradiation time. Three different experiments were 

conducted to investigate the effect of the light 
source on the catalyst/dye system. In the first 

experimental set, the photolysis effect of the dye in 

the presence of the catalyst under UV light was 

examined. In the second experimental set, the 
degradation of the dye under UV light without the 

catalyst was studied. The results indicated that the 

dye did not exhibit a photolysis effect in the 
absence of the catalyst. In the third experimental 

set, the effect of the light source was investigated 

by adding the catalyst to the organic dye and 

keeping it in the dark. When the data obtained from 
these three experimental sets were compared, it 

was observed that the catalysts were much more 

effective under UV light than in a dark 
environment. 

A reusability study was conducted using the 

determined catalyst amount and a concentration of 

10-5 M for the photocatalyst. For this purpose, after 
the photocatalyst completely degraded the dye, it 

was separated from the dye, thoroughly washed 

with distilled water, dried, and used for subsequent 
cycles. The same process was repeated for  

4 catalyst reuses. According to these results, the 

LB-AgNP photocatalyst degraded the dye by 

97.5% in its first use. Although it decreased up to 
80% in reuse, it is seen that it is possible to use LB-

AgNP material as a photocatalyst when compared 

with the literature [27]. Furthermore, it was clearly 
demonstrated that the LB-AgNP catalyst has 

higher stability than the LB-ZnNP catalyst and thus 

can be used in many cycles and for a long time. 
 

  
Figure 7. Comparison of the degradation of the 

model compound dye in the presence of LB-AgNP 

catalyst under UV light, in the dark, and without 

catalyst under UV light. 

Figure 8. The reusability of the LB-AgNP  

material as photocatalyst. 

  

 

Figure 9. UV spectrum of methylene blue pollutant as a function of time in the presence of the LB-ZnNP 

catalyst.  
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The photocatalytic degradation of 
methylene blue was investigated in the presence of 

LB-ZnNPs under a UV light source. The changes  

in the absorption spectra of methylene blue in the 
presence of LB-ZnNPs under UV light are shown 

in Figure 9. The intensity of the absorption bands 

of the dyes decreased in the presence of the 

catalyst, but to a lesser extent compared with  
LB-AgNPs. As shown in the Figure 9, the 

characteristic absorption band of methylene blue at 

640 and 664 nm rapidly disappeared in the 
presence of the LB-ZnNP catalyst. 

In Figure 10, the changes in the degradation 

efficiency of the organic dye, methylene blue, 

under different light sources in the presence of the 
catalyst are shown as a function of irradiation time. 

Three different experiments were conducted to 

investigate the effect of the light source on the 
catalyst/dye system. In the first experimental set, 

the photolysis effect of the dye in the presence of 

the catalyst under UV light was examined. In the 
second experimental set, the degradation of the dye 

under UV light without the catalyst was studied.  
 

 
Figure 10. Comparison of the degradation of the 

model compound dye in the presence of  

LB-ZnNP catalyst under UV light, in the dark, 

and without catalyst under UV light. 

 
Figure 11. The reusability of LB-ZnNP catalyst. 

The results indicated that the dye did not 
exhibit a photolysis effect in the absence of the 

catalyst. In the third experimental set, the effect of 

the light source was investigated by adding the 
catalyst to the organic dye and keeping it in the 

dark. When the data obtained from these three 

experimental sets were compared, it was observed 

that the catalysts were much more effective under 
UV light than in a dark environment. 

A reusability study was conducted with the 

determined amount of catalyst and 10-5 M 
concentration for the photocatalyst (Figure 11).  

For this purpose, after the photocatalyst completely 

degraded the dye, it was separated from the dye, 

thoroughly washed with distilled water, dried, and 
used for subsequent cycles. The same process was 

repeated for four catalyst reuses. The results 

obtained showed that the LB-ZnNP photocatalyst 
degraded the dye by 90.9% in the first use, whereas 

this rate decreased to approximately 70% in the 

fourth use. This shows that the use of this material 
as a photocatalyst is promising. 

 

Conclusions  

In this study, silver and zinc nanoparticles 
were synthesized and characterized through  

green synthesis using bay leaf extract.  

The characterization of these nanoparticles 
involved UV-Vis spectroscopy FTIR 

spectroscopy, SEM imaging, and XRD analysis. 

The UV-Vis spectroscopy results indicated the 
presence of a prominent band at 444 nm, 

confirming the formation of silver nanoparticles, 

and another band at 374 nm, confirming the 

formation of zinc nanoparticles. In addition, 
functional groups from the bay leaf extract were 

identified in the FTIR spectrum. The crystal 

structures of the biosynthesized LB-AgNPs and 
LB-ZnNPs were analyzed through XRD. SEM 

images revealed the morphologies of the 

nanoparticles, with LB-AgNPs generally 

exhibiting round and oval shapes, while LB-ZnNPs 
displayed rod-like structures. Furthermore, the 

photocatalytic properties of the nanoparticles were 

investigated, and it was found that LB-AgNPs 
achieved a degradation percentage of 97.5%, 

whereas LB-ZnNPs achieved a degradation 

percentage of 90.9%. LB-ZnNPs demonstrated 
superior photocatalytic performance. 

This study highlights the influence of bay 

leaf extract in biosynthesis on the photocatalytic 

properties of silver and zinc nanoparticles. 
Optimizing the synthesis conditions and bay leaf 

extract concentrations may further enhance their 

photocatalytic activity. Moreover, the addition of 
various additives or surface modification 
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techniques could be explored to improve 
photocatalytic efficiency. On the basis of these 

findings, LB-AgNPs and LB-ZnNPs hold promise 

as photocatalysts for water pollutant removal and 
the degradation of toxic organic compounds. 
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