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Abstract 
The objective of this study is exhibit a novel, cost-effective, non-toxic and green way to prepare ZnO nanoparticles (NPs) using Bee Pollen plant extract as both reducing and capping agents without any hazardous material. It was found that the size and morphology of the ZnO NPs significantly depended on physicochemical parameters such as the annealing temperature. X-ray diffraction analysis confirmed that the synthesized NPs has Wurtzite hexagonal structure with an average crystallite size of 14.99 and 19.98 nm for ZnO-R1 and ZnO-R2. UV-vis analysis of the nanoparticles showed broad peaks around 387 nm for the ZnO NPs and a direct bandgap of 3.31 eV was calculated for the ZnO NPs from (ZnO-R1). In addition, FTIR results provided the presence of both, plant extract and ZnO NPs.
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Résumé 
L'objectif de cette étude était de présenter une nouvelle méthode économique, non toxique et respectueuse de l'environnement pour préparer des nanoparticules de ZnO en utilisant un extrait de plante de pollen d'abeille comme agents réducteurs et de revêtement sans aucun matériau dangereux. Il a été constaté que la taille et la morphologie des nanoparticules de ZnO dépendaient significativement de paramètres physico-chimiques tels que la température de recuit. L'analyse par diffraction des rayons X a confirmé que les nanoparticules synthétisées avaient une structure hexagonale de Wurtzite avec une taille cristalline moyenne de 14,99 et 19,98 nm pour ZnO-R1 et ZnO-R2 respectivement. L'analyse UV-vis des nanoparticules a montré des pics larges autour de 387 nm pour les nanoparticules de ZnO et une bande interdite directe de 3,31 eV a été calculée pour les nanoparticules de ZnO à partir de (ZnO-R1). De plus, les résultats FTIR ont confirmé la présence à la fois de l'extrait de plante et des nanoparticules de ZnO. 
Mots-clés: nanoparticules, oxyde de zinc, synthèse verte, pollen d'abeille, phytochimie.
الملخص
 تمت هذه الدراسة لعرض طريقة جديدة وفعّالة، غيرمكلفة وغير سامة وصديقة للبيئة لتحضير جزيئات أكسيد الزنك باستخدام مستخلص حبوب لقاح النحل كعوامل اختزال وتغطية دون استخدام أي مواد خطرة. وقد تبين أن حجم ومورفولوجيا جزيئات أكسيد الزنك يتعلق بشكل كبير بالشروط الفيزيائية والكيميائية مثل درجة حرارة التلدين. أكد تحليل حيود الأشعة السينية أن الجزيئات المركبة لديها بنية سداسية بمتوسط حجم بلوري يبلغ 14.99 و19.9 نانومتر لكل من ZnO-R1 و ZnO-R2 على التوالي. أظهر تحليل الأشعة فوق البنفسجية للجسيمات النانوية قمم واسعة حول 387 نانومتر لجزيئات أكسيد الزنك و التي تدل على امتصاص جيد للضوء في المجال المرئي، وتم تقدير الفجوة البصرية المباشرة بــِ 3.31 إلكترون فولت لجزيئات أكسيد الزنك (ZnO-R1). بالإضافة إلى ذلك، أظهرت نتائج دراسة اطياف الأشعة تحت الحمراء وجود كل من مستخلص النبات وجزيئات أكسيد الزنك. 
الكلمات المفتاحية: جزيئات نانوية، أكسيد الزنك، تخليق أخضر، حبوب اللقاح، المواد الكيميائية النباتية.

Conclusion:
In this study, zinc oxide nanoparticles were successfully biosynthesized using an environmentally friendly and renewable source of bee pollen extract as a fuel, eliminating the need for harmful reducing or stabilizing agents. This biological process is straightforward, eco-friendly, simple, quick, cost-effective, efficient, clean, and non-toxic. To study the effect of temperature calcination on the particle size, yield, and stability of ZnO NPs, an amount of BP powder was used to prepare two samples coded as ZnO-R1 and ZnO-R2. The XRD technique was used to characterize the crystallinity and crystal structure of the synthesized nanoparticles. The XRD analysis indicates a crystalline structure for the formed ZnO nanoparticles in the hexagonal phase. They were found to be pure and did not change with increasing calcination temperature. The crystal size of the synthesized ZnO nanoparticles was also determined using the Scherrer equation from the XRD pattern, and it was found to be 14.99 nm and 19.98 nm for ZnO–R1 and ZnO–R2 respectively, this confirms the synthesis of nanoparticles. The BP extracts consist of a range of phytochemicals, including phenols, polyphenols, phenylpropanoids, flavonoids, amino acids, fatty acids, and more. These biologically active compounds function as both reducing and stabilizing agents, aiding in the reduction of metal ion precursors. Additional crystallographic parameters such as lattice parameters, microstrain, and dislocation density were computed. In our study, it was found that the ZnO-R1 sample, which has the smallest average size, showed the highest lattice strain (𝜀) and dislocation (𝛿) within the ZnO lattice.
The optical properties and chemical composition of ZnO NPs synthesized using BP extract were examined using UV-visible diffuse reflectance spectroscopy and FTIR, confirming the formation of ZnO NPs. The diffuse reflectance results indicated that the ZnO-R1 sample exhibited maximum absorption across the visible wavelength spectrum. This finding holds significant promise for future applications in energy storage and solar cell devices, thanks to its exceptional visible light absorption capabilities. The direct energy band gaps of the as-synthesized ZnO NPs were found to be 3.31 eV, which is smaller than the bulk value of ZnO at 1.37 eV. This observation could be attributed to the size effect. The FTIR study confirmed the presence of Zn–O bond and indicating that the less the calcination temperature, the more synthesized ZnO NPs we get also an excess of biofunctional groups from the BP extract in ZnO-R2 was not utilized, whereas they were fully consumed in the case of ZnO-R1.

[bookmark: _GoBack]The discovery of bee pollen extract as a notable candidate for ZNO nanoparticle synthesis highlights its potential. Its biocompatibility, easy preparation, gentle reaction conditions, and cost-effectiveness could pave the way for environmentally friendly synthesis of various other inorganic nanoparticles. However, making a lot of really nanoparticles would need more research to improve how we use bee pollen to make them in big quantities. We need to fine-tune several factors like the precursor concentration, pH level, reaction temperature, and duration to achieve the optimal particle size, yield, and stability of nanoparticles. We should explore various uses of ZnO nanoparticles made from bee pollen, such as environmental cleanup, catalytic reduction, photo-catalysis, sensing, and different biological activities.



image1.emf

