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ABSTRACT 

In modern times, there's a significant focus on green 

synthesis, which involves the environmentally friendly 

production of nanoparticles without using harmful chemicals or 

toxic solvents. This approach, popular in biological methods, has 

gained considerable attention. Leveraging natural sources such 

as plants and microorganisms is a common method for green 

synthesis. Zinc oxide nanoparticles (ZnO NPs) rank as the 

second most prevalent among metal oxides, largely owing to 

their affordability, safety, and simple production process. A 

sustainable method was employed to create these nanoparticles, 

which entailed extracting them from the (Lepidium sativum L.) 

plant along with zinc acetate dihydrate. The ZnO NPs underwent 

thorough characterization techniques to analyze their structure, 

surface morphology, and optical and chemical properties. The 

ZnO nanoparticles exhibited an average crystalline size of 26.78 

nm, with FE-SEM confirming an average agglomerated 

nanoparticle size of 64 nm. Subsequently, varying weight 

percentages of these nanoparticles were incorporated into 

Sunblock Lotion to investigate their impact on enhancing the sun 

protection factor (SPF) of the lotion. The results demonstrated a 

noticeable increase in SPF with the higher concentrations ZnO 

NPs . 
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INTRODUCTION 

Nanotechnology means using or making the machines or systems on the nanoscale. At the 

nanoscale size, the machines or systems get more specifications than in the bulk size for example 

small in size, lightweight, and fast response specifications (Panahi et al., 2024). The nanoparticles 

mean the particles at the nanoscale size (1-100) nm. The nanoparticles have different shapes like 

spherical, hexagonal, conical, etc. (Xie et al., 2024). However, according to dimensions, the materials 

have zero dimension, for instance, quantum dot, one dimension for instance nano rod, two-dimensions 

like thin film, and also three dimensions like breaking bulk materials to get nano size particles 

(Vijayaram et al., 2024). Also, the zinc oxide has hexagonal wurtzite crystal structure, good 

conductivity, high electron mobility, strong and good transparency (Senthilkumar and Sivakumar, 

2014). It is popular metal oxide nanoparticles because have more applications in many areas or 

industries like in agriculture, water purification, medical, fashion, cosmetics, etc. (Sabir et al., 2014). 

Now the researchers focus on the biological method for the preparation of nanoparticles because 

it is cheap, safe, and large production. The biological method or green method means using natural 

sources like (algae, fungus, plants, and bacteria) (Fakhari et al., 2019). Between these natural sources, 

the plant usage is a trend by researchers nowadays because it has more phytochemicals like 

polyphenols, sugar, flavonoids, and ascorbic acid (Vitamin C) that are phytochemicals needed for 

cupping and stabilizing nanoparticles (Agarwal et al., 2017).  

Because of the harmful, cosmic rays that incoming from outside of the atmosphere like        

Ultra-Violet radiation, there are many health problems concerning the skin are produced (Shchepkin 

et al., 2024). The wavelength from 320-400 nm is related to UVA, 290-320 related to UVB, and       

200-290 is related to UVC. UVC is absorbed completely by the atmosphere. But UVB and UVA are 

not absorbed completely and may cause many skin problems (Mbanga et al., 2014). UVB is the main 

source of sunburn erythema and skin cancer, due to pyrimidine dimers creation. UVA is concerned 

to photoaging, tanning and can indirectly damage DNA (Mesías et al., 2017). So, the sun screen 

creams and lotions are suggested to avoid the penetration and irradiation of ultraviolet radiation 

(Pniewska and Kalinowska-Lis, 2024). 

Chemical and physical sunscreens are two popular types of sunscreens. The UV ray absorbed 

and also changed to the heat in chemical sunscreens. Physical sunscreens make a shield on the skin 

and reflects the radiations (Kaur, 2023).  

Because of good transparency and reflectivity, zinc oxide nanoparticles is used in sunblock 

product industry to avoid ultraviolet ray (Ann et al., 2015). There are two methods to determine the 

SPF value these are vivo and vitro methods. To know the efficiency of sun cream, SPF have to be 

determined. Due to the expensive and long-time in vivo method, the vitro technique is applied to 

evaluate SPF value (Sudhahar, 2013). The wavelength range (290 to 320) nm in ultraviolet 

spectroscopy was used to absorbance measuring and equation of Mansur is used to calculate the SPF 

value (Dutra et al., 2004). The ratio of ZnO NPs in sunblock lotion is subject of this study. 

Garden cress (Lepidium sativum L.), an annual, upright, smooth herbaceous plant, is cultivated 

for culinary uses across various regions in Asia and Europe and belongs to the Brassicaceae family 

(Albalawi et al., 2023). It contains numerous bioactive compounds, such as cardiac glycosides, 

alkaloids, phenolics, flavonoids, carbohydrates, proteins, amino acids, tannins, and uric acid           

(Ben Farhat et al., 2024). Extensive pharmacological studies have shown that it possesses a wide 

range of medicinal properties, including antimicrobial, antidiabetic, antioxidant, anticancer,             

anti-inflammatory, and antipyretic effects (Al-Saran et al., 2024). Therefore, in this study, Lepidium 

sativum L. was used as a cupping and stabilizing agent in the synthesis of zinc oxide nanoparticles 

due to its rich phytochemical content. 
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METHOD 

In Erbil city, Lepidium sativum L. leaves were gathered, and subsequently sliced into small 

pieces. These parts were transformed into a paste using a mortar and pestle. Following this, 9 grams 

of the resulting paste were combined with d water (100 ml). The mixture underwent heating with 

stirring for approximately thirty minutes at 70°C. Afterward, the mixture was filtered through filter 

paper to obtain a clear solution. In a separate process, at 85°C, the plant extract (50 ml) with 2 grams 

of Zn (CH3COO)2 · 2H2O were mixed.  A paste was formed after the water evaporation of the mixture. 

Subsequently, this paste underwent calcination at 350°C to produce Zinc Oxide nanoparticles in 

powder form Fig. (1). 

 
Fig. 1: Illustrates the process of producing zinc oxide nanoparticles (ZnO NPs) from Lepidium sativum 

L. leaves. (a) It involves washing the leaves, (b) Crushing them with a mortar and pestle, (c) 

Mixing the paste with distilled water and heating it at 70°C, (d) Filtering the product, combining 

it with zinc acetate dihydrate, (e) Heating and stirring until it forms a paste, (f) Burning the paste 

at 350°C, and (g) Finally obtaining the ZnO NPs powder. 

 

ZnO NPs application in cosmetic 

A commercial physical sun cream product, specifically Hydroderm sunblock lotion (Sun 

Protection Factor = 30) was chosen. Different specimens were formulated for comparison. the 1st 

specimen was Sunblock lotion without any ZnO NPs. 5.8wt% of ZnO NPs was present in the 2nd 

specimen, 11.1wt% of ZnO NPs was existence in the 3rd specimen. These specimens were analyzed 

through UV-Vis technique. Ultimately, Mansur's equation was employed to evaluate (SPF) value of 

the sunblock lotions. 

 
 

SPF = CF ×  ∑ EE(λ)320
290  ×  I(λ)  × Abs(λ)……………… (1) 

      
 

 

In this context, the correction factor (CF) is specified as 10, with Abs(λ) representing 

absorbance, EE(λ) corresponding to the erythema effect spectrum, and I(λ) indicating the solar 

intensity spectrum. The absorbance spectra were multiplied by the corresponding EE(λ) × I(λ) 
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constants in (Table 1). The resulting values were then summed ∑ EE(λ)320
290  ×  I(λ)  × Abs(λ) and 

subsequently multiplied by the correction factor (10). 
Table 1: Standardized product function utilized in SPF calculation ( Nkosi and Thembane, 2024). 

 

𝛌 𝐧𝐦 ∑ 𝐄𝐄(𝛌)

𝟑𝟐𝟎

𝟐𝟗𝟎

 ×  𝐈(𝛌) 

290 0.015 

295 0.0817 

300 0.2874 

305 0.3278 

310 0.1864 

315 0.0839 

320 0.018 

 

 

RESULTS AND DISCUSSION 

 

UV-Vi's spectra of the plant extract 

In green synthesis the phytochemicals inside the plant extract act a reduction, capping, and 

stabilizing agent for the synthesis of zinc oxide nanoparticles (Ovais et al., 2018). Before using the 

selected plant to synthesis zinc oxide nanoparticles, the plant must be characterized by a UV-Vis 

spectrometer as the quantitative measurement to know the existence of the chemical compositions 

inside the plant (Pirtarighat et al., 2019). In UV-Vis spectra, the two peaks were showed, 1st peak at 

263 nm and 2nd peak at 324 nm, they focus on phenolic substances, specifically flavonoids and similar 

aromatic organic compounds (Tariq et al., 2023). So, the plant is suitable for synthesis ZnO NPs. 

 

 
Fig. 2: UV Vis spectra of plant extract. 
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FT-IR characterization of the (Lepidium sativum L.) plant extract 

FT-IR is the qualitative measurement to now the chemical compounds inside the plant. 

 
Fig. 3: FT-IR spectra of (Lepidium sativum L.) leave extract. 

 

In Fig. (3), the peak detected at (1633 cm−1) signifies the stretching vibration of the carbonyl 

group (C=O) within a conjugated arrangement, indicating the existence of either ketones or aldehydes 

(Mohamed et al., 2017). Summit observed at (2065 cm-1) related to the existence of triple bonds, 

particularly in alkynes. Stretching vibration of carbon-carbon triple bond (C≡C) is a common 

interpretation for this wavenumber. The range of (3394-3456 cm-1) covers the extensive stretching 

vibrations of O-H bonds, suggesting the existence of hydroxyl groups. It is associated with alcohol 

or phenol functional groups, which are commonly found in organic compounds (Gipson et al., 2015). 

So, Lepidium sativum is suitable for preparation of ZnO NPs.  

 

ZnO NPs (UV-Vis spectrum)  

UV-Vi's spectrum of the Zinc Oxide NPs revealed a single peak associated with surface 

plasmon resonance at 370 nm Fig. (4). This peak indicates high purity, monodispersity, and a smaller 

size compared to bulk zinc oxide. The observed blue-shifted peak aligns with the quantum 

confinement effect (Qin et al., 2011; Varadavenkatesan et al., 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4: ZnO NPs UV-Vis spectrum. 
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After that, energy bandgap of the sample determined by drawing the Tauc plot (Feng                     

et al., 2015).  

𝛼ℎ𝑣 = 𝐵(ℎ𝑣 − 𝐸𝑔)𝑛 … … … … … … … … … … . . … … … … . . . (2) 

 

It was equal to (2.72) eV. So, the energy-gap is smaller than the bulk Zinc Oxide energy-gap 

that is normal in green synthesis. The antioxidants of the plant cover sample surface. So energy 

bandgap of the nanoparticles will be decreased (Khan et al., 2019). 
 

ZnO NPs (FT-IR spectrum) 

In Fig. (5), the peak observed at 1132 cm⁻¹ is assigned to the stretching vibration of C-O bonds, 

suggesting the existence of ether or alcoholic functional groups (Georgakopoulos, 2003; Oh et al., 

2005). The peak noted at 1435 cm⁻¹ is linked to the bending vibration of CH₃ groups, indicating the 

presence of methyl groups within the sample (El-Hendawy, 2006). The peak observed at 1687 cm⁻¹ 

indicates the stretching vibration of C=O bonds, suggesting the presence of carbonyl groups, similar 

to those found in ketones or aldehydes (Tan et al., 2023). The peak detected at 3464 cm⁻¹ corresponds 

to the stretching vibration of O-H bonds, suggesting the presence of hydroxyl groups, akin to those 

found in alcohols or phenols (Bhattacharyya et al., 2024). 

 
Fig. 5: FT IR analysis of sample. 

 

XRD spectra of the sample. 

Our sample was characterized by XRD technique to now the structure and crystalline size of 

the sample. 

XRD spectra in Fig. (6) involved 11 peaks concerning the planes ((100), (002), (101), (102), 

(110), (103), (200), (112), (201), (004) and (202)) and acceptable with (JCPDS card No.89-0510) of 

Zinc Oxide (Thambidurai et al., 2020).  
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Fig. 6: XRD spectra of the sample. 

 

The crystalline size of the sample, computed using Debye-Scherrer's equation, was found to be 

26.78 nanometers. 

𝐷 =
𝑘𝜆

𝛽 cos 𝜃
… … … … … … … … … … … … … … . … … (3) 

Crystal size is denoted by D, X-Ray wavelength (𝜆 = 0.15406 𝑛𝑚), Shape factor is 𝑘= 0.9,  

𝛽 is symbol of full width at half maximum and 𝜃 is angle of diffraction (Vijayalakshmi and Rajendran, 

2012).  
 

FE-SEM image of the sample. 

The sample was characterized using the FE-SEM technique to determine the size and shape of 

the ZnO NPs. The FE-SEM analysis showed that the particles are in the nanoscale, with a size of 64 

nm and a spherical shape, as shown in Fig. (7). 
 

 
 

Fig. 7: FE-SEM image of sample. 
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SPF developing  

UV-Vis spectroscopy was utilized to analyze all the samples to know the absorbance of in 

(UVA and UVB) regions Fig. (8) and also to calculate the sun protection factor (Table 2). 

 
Fig. 8: UV-Vis spectra of the samples. 

 

 

Table 2: Sun protection factor of the samples. 
Name ZnO NPs wt% SPF 

Sample 1 0 28.9 

Sample 2 5.8 34.2 

Sample 3 11.1 43 

 

It is clear that all samples are active in both ranges the (UVB and UVA) regions. 
 

The UV-Vis spectra in Fig. (8) and the SPF results of the samples in (Table 2) show that by 

increasing amount of ZnO NPs in the sunblock lotion, the absorbance peaks and the SPF values were 

increased. This has come back to high reflectivity and surface area of ZnO NPs. And SPF value that 

was put on the label is higher than the calculated SPF value over all the zinc oxide nanoparticles 

significantly influences the efficiency of sunblock lotion. 

 

CONCLUSIONS 

Lepidium sativum L. and zinc acetate dihydrate were used for creating of ZnO NPs. UV-Vis 

and FT-IR spectroscopy have confirmed the presence of active constituents within the plant extract, 

which effectively reduce, cap, and stabilize the nanoparticles. Following that, XRD characterization 

was conducted to ascertain the crystalline size, confirming the identity of the sample as ZnO NPs 

with a crystalline size measuring 26.78 nm. The FE-SEM analysis indicated agglomeration particle 

size was equal to 64 nm and spherical morphology. 

The study involved the integration of Zinc Oxide nanoparticles into a physical sunblock lotion 

to augment its Sun Protection Factor (SPF), with varying concentrations. Characterization via         

UV-Vis Spectroscopy unveiled distinctions between the labelled and computed SPF values. As Zinc 

Oxide nanoparticle concentration rose, absorbance peaks in both UVB and UVA spectra intensified, 

leading to increased SPF values. 

In essence, this research emphasizes the influence of environmentally friendly synthesized ZnO 

nanoparticles on the effectiveness of sunscreen blockers, even when present in minimal amounts. 
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حماية من  التأثير المركبات الخضراء جسيمات أكسيد الزنك النانوية على عامل الحماية من الشمس في كريم 
 حروق الشمس 

 

 هيمداد حمد عزيز 
 العراق  /أربيل- جامعة صلاح الدين   /شقلاوة  كلية التربية/  /قسم الفيزياء

 بيستون أنور كوزة 

 العراق   /جامعة أربيل التقنية  /التقنية  كلية شقلاوة   /قسم تكنولوجيا المعلومات
 هيرو حمد عزيز 

 العراق  /مركز أربيل التعليمي للأمراض الجلدية
 لارى حنا صليوة 

 العراق.   / أربيل- جامعة صلاح الدين   /كلية العلوم  /قسم الفيزياء
 

 الملخص
الجسيمات النانوية بطريقة صديقة للبيئة دون في العصر الحديث، هناك تركيز كبير على التخليق الأخضر، الذي يتضمن إنتاج  

راً. استخدام المواد الكيميائية الضارة أو المذيبات السامة. هذا النهج، الذي يحظى بشعبية خاصة في الطرق البيولوجية، قد لفت انتباها كبي
. بين أكاسيد المعادن، تعتبر جسيمات أكسيد استغلال المصادر الطبيعية مثل النباتات والكائنات الدقيقة هو أسلوب شائع للتخليق الأخضر

انتشارًا بسبب تكلفتها الفعالة وسلامتها وسهولة تحضيرها. تم تخليق جسيمات أكسيد الزنك باستخدام نهج  الزنك النانوية الثانية الأكثر 
لتقنيات  أكسيد الزنك النانوية . خضعت جسيماتzinc acetate dihydrateو  (.Lepidium sativum L)مستدام يشمل استخراج نبات  

توصيف شاملة لتحليل هيكلها وتشكيل سطحها وخصائصها البصرية والكيميائية. أظهرت جسيمات أكسيد الزنك حجماً بلورياً متوسطاً يبلغ 
 هذه   من  متفاوتة  نسب  دمج  تم  ذلك،  بعد.  نانومترًا  64  بلغلحجم جسيم النانو المتكتل المتوسط   FE-SEM نانومترًا، مع تأكيد  26.78

للمستحضر.  (SPF) من الشمس  حماية  عامل   تعزيز  على  تأثيرها  لدراسة  الشمس  حروق   من   حماية   كريم   مستحضر  في  النانوية  الجسيمات
 .الأعلى   ZnO NPsأظهرت النتائج زيادة ملحوظة في عامل حماية من الشمس مع تركيزات

 

التحليل الطيفي بالأشعة السينية المشتتة للطاقة والتوليف    ،حيود الأشعة السينية  ، عامل حماية من الشمس  ،أكسيد الزنك   الكلمات الدالة:
 . الأخضر


