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Abstract: The rapid and eco-friendly green synthesis of CuO nanoparticles using bee pollen extracts provides a simple, effective, and environmentally friendly route for producing these nanoparticles. The impact of pH solution were examined to control the particle size and stability. The structure, size, and optical properties of the synthesized samples were characterized using XRD, FTIR, and UV-Vis DRS techniques. XRD analysis confirmed the monoclinic phase of the CuO NPs synthesized at different pH levels, with average crystallite sizes of 19.73, 19.90, and 20.35 nm, respectively. Diffuse reflectance results showed that increasing the pH values decreases the direct optical band gap value from 1.457 to 1.404 eV. All samples exhibited strong visible light absorption, making them potentially useful for energy storage and solar cell applications. Multifunctional groups involved in extracts and functional groups capped on the surface of CuO NPs are confirmed by FT-IR studies.
Keywords: nanoparticles, copper oxide, green synthesis, bee pollen, pH of solution, biomolecules.
Résumé: La synthèse verte rapide et écologique de nanoparticules de CuO à l’aide d’extraits de pollen d’abeille constitue une voie simple, efficace et respectueuse de l’environnement pour produire ces nanoparticules. L’effet du pH de la solution a été examiné pour contrôler la taille et la stabilité des particules. La structure, la taille et les propriétés optiques des échantillons synthétisés ont été caractérisées à l'aide des techniques XRD, FTIR et UV-Vis DRS. L'analyse XRD a confirmé la phase monoclinique des NP de CuO synthétisées à différents niveaux de pH, avec des tailles moyennes de cristallites de 19.73, 19.90 et 20.35 nm, respectivement. Les résultats de réflectance diffuse ont montré que l'augmentation des valeurs de pH diminue la valeur de la bande interdite optique directe de 1.457 à 1.404 eV. Tous les échantillons ont montré une forte absorption de la lumière visible, ce qui les rend potentiellement utiles pour les applications de stockage d'énergie et de cellules solaires. Les groupes multifonctionnels impliqués dans les extraits et les groupes fonctionnels coiffés à la surface des NP de CuO sont confirmés par des études FT-IR.
Mots-clés : nanoparticules, oxyde de cuivre, synthèse verte, pollen d'abeille, pH de la solution, biomolécules.
ملخص:
يعتبر التوليف الأخضر الطبيعي للجسيمات النانوية لأكسيد النحاس باستعمال حبوب لقاح النحل طريقة بسيطة، سريعة، فعالة ومحافظة على البيئة. تم فحص تأثير محلول الرقم الهيدروجيني للتحكم في حجم الجسيمات وثباتها. تم تشخيص البنية والحجم والخصائص البصرية للعينات المركبة باستخدام تقنيات: انكسار الأشعة السينية، مطيافية الأشعة فوق البنفسجية المرئية للانعكاس المنتشر ومطيافية الأشعة تحت الحمراء. أكد تحليل حيود الأشعة السينية بنية أحادية الميل من جسيمات أكسيد النحاس المصنعة عند مستويات مختلفة من الأس الهيدروجيني، بمتوسط ​​​​أحجام بلورية تبلغ 19.73 و19.90 و20.35 نانومتر، على التوالي. أظهرت نتائج الانعكاس المنتشر أن زيادة قيم الأس الهيدروجيني تقلل من قيمة فجوة النطاق الضوئي المباشر من 1.457 إلى 1.404 الكترون فولط. أظهرت جميع العينات امتصاصا قويا للضوء المرئي، مما يجعلها مفيدة لتخزين الطاقة وتطبيقات الخلايا الشمسية. تم تأكيد المجموعات متعددة الوظائف المشاركة في المستخلصات والمجموعات الوظيفية المغطاة على سطح الجسيمات النانوية لأكسيد النحاس من خلال دراسة اطياف الأشعة تحت الحمراء.
الكلمات المفتاحية: جسيمات النانوية، أكسيد النحاس، التخليق الأخضر، حبوب لقاح النحل، الرقم الهيدروجيني pH للمحلول، الجزيئات الحيوية. 
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In this research work, a novel process has been developed to prepare CuO nanoparticles through green synthesis, without the use of toxic agents or additives. The CuO NPs are synthesized at low temperatures and low cost using an environmentally benign and renewable source: bee pollen extract. This biological process serves as a fuel, eliminating the need for harmful reducing or stabilizing agents. The method is straightforward, eco-friendly, simple, fast, cheap, efficient, clean, and non-toxic. To study the effect of the pH solution on the particle size, yield, and stability of CuO NPs, different samples were prepared at different pH levels and labeled as CuO–BP1, CuO–BP2, and CuO–BP3. 
The crystallinity and crystal structure of the synthesized nanoparticles were characterized using the X-ray diffraction technique. XRD analysis revealed that the CuO NPs exhibit a crystalline structure with a monoclinic phase, and remained pure regardless of varing the pH values. The crystallite sizes of the synthesized CuO NPs, determined from the XRD pattern using the Scherrer equation, were found to be 19.73, 19.90, and 20.35 nm for CuO–BP1, CuO–BP2 and CuO–BP3 respectively, confirming the synthesis of nanosized particles. The bee pollen extract contain various phytochemicals such as phenols, polyphenols, phenylpropanoids, flavonoids, amino acids, and fatty acids. These biologically active compounds act as reducing and stabilizing agents, which help in the reduction in metal ion precursors. Additional crystallographic parameters, including lattice parameters, micro-strain, and dislocation density, were also calculated. Our results revealed that CuO-BP1 sample, which has the smallest average size, exhibits the higher degree of crystallinity and the maximum lattice strain () and dislocation () in the CuO lattice.
The optical properties and chemical composition of the BP-synthesized CuO NPs were explored by employing UV–visible diffuse reflectance spectroscopy and FT-IR which reaffirmed the formation of the CuO NPs using BP extract. Diffuse reflectance results showed maximum absorption over the visible wavelength range, especially in the CuO-BP1 sample, which might be very interesting for further applications in energy storage as well as in solar cell devices due to their excellent visible light absorption properties. The direct energy band gaps of as-synthesized CuO NPs were found to be larger than the CuO bulk value of 1.2 eV and decreases only slightly from 1.457 to 1.404 eV with increasing the pH value. These observations can be attributed to the quantum confinement effect by the nano-dimensional CuO and which is the increase in the band gap with a reduction in the particle size. The FTIR study confirmed the presence of biomolecules like proteins, saccharides and sugars as well as the Cu-O bonding which indicated the involvement of Bee pollen in the synthesis of CuO NPs.
Bee pollen extract has proven to be an excellent candidate for the synthesis of CuO nanoparticles. The biocompatibility, ease of preparation, mild reaction conditions, and cost-effectiveness of this approach pave the way for the green synthesis of a wide range of other inorganic nanoparticles. However, large-scale production of nanoparticles will require further research to enhance the industrial feasibility of the bee pollen-based synthesis method. Other reaction conditions including the concentration of copper salt, pH of the reaction medium, the temperature of the reaction system and time of reaction should be optimized to obtain the best particle size, yield, and stability of nanoparticles. Additionally, multifunctional applications of BP-synthesized CuO NPs, such as environmental remediation, catalytic reduction, photocatalysis, sensing, and various biological activities, should be thoroughly investigated.
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