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Abstract. In recent years, the development of environmentally friendly materials in line with green 

chemistry principles has become a global scientific priority. Among these efforts, the recycling of organic 

waste particularly from agricultural and food sources into high value nanomaterials stands out as a promising 

strategy. Carbon dots (CDs), have gained significant attention and an incredible interest in the field of 

nanotechnology and biomedical science; including their enhanced electron transferability, fluorescence 

property, excellent biocompatibility, high photoluminescent quantum yield, good aqueous solubility, minimal 

toxicity, low-cost and acquaintance of large effective surface area-to-volume ratio. When modified with 

magnetic Fe₃O₄ nanoparticles, these composites can enhance the removal of heavy metals and dyes from 

aqueous systems, offering multifunctionality in water purification and biomedical fields. In this study, the 

synthesized nanocomposites were characterized using dynamic light scattering (DLS) and light reflection 

techniques, employing a 365 nm wavelength mirror coupled to a xenon lamp source (PLS-SXE300E). 
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Introduction: Submicron molecules made of 

inorganic or organic materials are called 

nanoparticles and have many new properties 

compared to micron-sized materials, such as small 

particles (1-100 nm). Among nanomaterials, 

magnetic nanoparticles (MNPs) not only have 

special magnetic properties such as 

superparamagnetism, high sensitivity, etc., but also 

have unique physical properties, biocompatibility, 

stability, and many other related properties. Fe3O4 

nanoparticles (NPs) are widely used in separation 

technology, protein immobilization, catalysis, 

medical science, and the environment. The 

applications of Fe3O4 nanoparticles in medical 

science are mainly targeted drug delivery, 

biosensors, magnetic resonance imaging (MRI), 

contrast enhancement and hyperthermia, 

biophotonics, cancer cell detection, diagnostics, 

magnetic field-assisted radiotherapy, and tissue 

engineering. Considering the different applications, 

various methods have been developed to prepare 

Fe3O4 nanoparticles, such as co-precipitation, 

hydrothermal, pyrolysis, sol-gel, microemulsion, 

sonochemical, polyelectrodeposition, etc.[1, 2].  

The control of the particle size of nanoparticles 

has always been a major problem in their 

application, and a suitable preparation method can 

be selected according to the required size. It is very 

easy to agglomerate magnetic iron oxide 

nanoparticles to reduce their surface energy. 

However, bare Fe3O4 nanoparticles usually have 

high chemical activity and are particularly prone to 

oxidation, which often leads to a decrease in 

magnetic properties. Therefore, improving the 

stability of magnetic nanoparticles is an important 

step in their application, and their surface 

functionalization is one of the main methods. The 

surface functionalization strategy is roughly divided 

into surface modification of organic materials and 

surface modification of inorganic materials. As 

shown in practical applications, in most cases, the 

protective shell can be used for further 

functionalization while improving the stability and 

dispersion of Fe3O4 nanoparticles. However, with 

the development of magnetic nanocomposites, their 

application areas are still expanding rapidly, and the 

classification of these materials is not strict. 

Therefore, there is still no clear classification [3-5].  

The unique properties of carbon nanomaterials 

such as nanodiamonds, fullerenes, carbon 

nanotubes, graphene sheets, and luminescent carbon 

nanoparticles or carbon dots (CDs) have inspired 

extensive research on them due to their great 

potential for various technical applications. Among 

the electronic and physicochemical characteristics 

of carbon dots, their optical properties, and 

especially their fluorescence emission, have 

attracted increasing interest in recent years. For 

many years, semiconductor quantum dots have been 

extensively studied for their strong and tunable 

fluorescence emission properties, which allow them 

to be used in biosensing and bioimaging. However, 

semiconductor quantum dots have certain 

limitations, such as high toxicity due to the use of 

heavy metals in their production. It is known that 

heavy metals are very toxic even at relatively low 

levels, which can be prohibitive for any clinical 

studies [6, 7].  

In addition to having similar fluorescent 

properties, carbon dots have been proposed as a 

replacement for semiconductor quantum dots due to 

their low toxicity, biocompatibility, low cost, and 

chemical inertness. The accidental discovery of 

carbon dots during the separation and purification 
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of single-walled carbon nanotubes (SWCNTs) by 

Xu et al. in 2004 initiated further research to exploit 

the fluorescent properties of carbon dots and create 

a new class of viable fluorescent nanomaterials. 

Fluorescent carbon nanoparticles were named 

"carbon quantum dots" by Sun et al. in 2006. Carbon 

dots are synthesized in two ways, namely top-down 

and bottom-up. Carbon dots are typically composed 

of amorphous to nanocrystalline cores, mainly 

composed of graphene and graphene oxide sheets 

bonded together by graphite or turbostratic carbon 

(sp2 carbon) or diamond-like sp3 carbon 

hybridizations. The carbon dots have a large number 

of carboxyl moieties on their surface, which give the 

carbon dots excellent water solubility and suitable 

chemically reactive groups for subsequent 

functionalization and surface passivation with 

various organic, polymeric, inorganic, or biological 

materials. After surface passivation, the 

fluorescence properties of the carbon dots are 

enhanced. Surface functionalization also changes 

their physical properties, such as solubility in 

aqueous and non-aqueous solvents [8-10]. 

Required Reagents: Fe3O4 magnetic 

nanoparticles, ethanol (96%), H2O, pomegranate 

peel.     

Synthesis: To synthesize carbon dots from 

pomegranate peel, first the pomegranate peel is 

dried at room temperature and dissolved in distelled 

water at 50oC for 48 hours. The obtained extract is 

filtered. The filtered extract solution is placed in a 

Teflon container (100 ml) and hydrothermally 

reacted at 200°C for 4 hours. After the reaction is 

completed, it is cooled to room temperature, and a 

solution of carbon dots is obtained. The obtained 

carbon dots are purified in several steps, 

centrifuged, filtered, and dialyzed for 48 hours. The 

obtained carbon dots solution in a pure state is 

modified by adding Fe3O4 magnetic nanoparticles. 

The reaction process is carried out at a speed of 200 

r/min at a temperature of 80°C for 2 days, and 

magnetic nanoparticles based on Fe₃O₄/carbon dots 

are obtained. The solution is evaporated at 25°C for 

6 hours to obtain dry Fe3O4/carbon dot-based 

magnetic nanoparticles (picture 1).

 
Picture 1. Synthesis stages 

 

Analysis of results: We used the dynamic light refraction method to study the size of the synthesized 

carbon dots. 

 
Picture 2. Dynamic refraction of light of carbon dot. 
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According to the analysis of the dynamic 

refraction of light results of carbon dots, we can see 

that 41.5% of the particles with a size of 60.58 nm 

and an additional 57.5% of the particles with a size 

of 1701 were formed. It can be seen that our 60.58 

nm particles are carbon dots and the other larger 

particles formed solvates (picture 2). 

We also studied the optical properties of the 

obtained quantum dots by using a xenon lamp light 

source (PLS-SXE300E) with a wavelength of 365 

nm to study their light reflection. 

(A)                                                                              (B) 

  
Picture 3. (A) Carbon dot taken in the visible region, (B) сarbon dot under 

365 nm monochromatic light 

 

As can be seen from the images above, the color of the synthesized carbon dots solution is brown, and it 

reflects red light when absorbing light at 365nm wavelength, indicating that fine particles have been 

synthesized. (picture 3). Alcohol was also used as a solvent to obtain carbon dots. Carbon dots were 

synthesized by hydrothermal method from the extract obtained from pomegranate peel and alcohol in the ratio 

of 1:15, and it was found that the carbon dots obtained in this way have hygroscopic properties.  Also, it is 

known from the literature that the pH of the solution is important for increasing the stability of carbon dots, 

and the particles retain their stability in an alkaline environment. To increase the stability of the synthesized 

carbon dots, a 0.1 M NaOH solution was used. 

Conclusion:  This study demonstrates a green and sustainable method for synthesizing carbon dot-

magnetic nanocomposite from plant-derived waste. The use of pomegranate peel as a carbon source not only 

reduces organic waste but also adds value through the generation of functional nanomaterials. The Fe₃O₄ -

modified carbon dots show great promise for future applications in wastewater treatment and environmental 

safety technologies. 

REFERENCES: 
1. Luo, N., et al., Fe3O4/carbon nanodot hybrid nanoparticles for the indirect colorimetric detection of glutathione. 

ACS Applied Nano Materials, 2019. 2(6): p. 3951-3959. 

2. Asadollahzadeh, H., M. Ghazizadeh, and M. Manzari, Developing a magnetic nanocomposite adsorbent based 

on carbon quantum dots prepared from Pomegranate peel for the removal of Pb (II) and Cd (II) ions from aqueous 

solution. Analytical Methods in Environmental Chemistry Journal, 2021. 4(03): p. 33-46. 

3. Sanchez-Dominguez, M., C. Aubery, and C. Solans, New trends on the synthesis of inorganic nanoparticles 

using microemulsions as confined reaction media. Smart Nanoparticles Technology, 2012: p. 195-220. 

4. Hua, M., et al., Heavy metal removal from water/wastewater by nanosized metal oxides: a review. Journal of 

hazardous materials, 2012. 211: p. 317-331. 

5. Luo, Y., et al., Fluorescent magnetic chitosan-based hydrogel incorporating Amino-Functionalized Fe3O4 and 

cellulose nanofibers modified with carbon dots for adsorption and detection of Cr (VI). Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 2023. 658: p. 130673. 

6. Li, H., et al., Synthesis of tiny carbon dots with high quantum yield using multi-walled carbon nanotubes as 

support for selective “turn-off-on” detection of rutin and Al3+. Carbon, 2019. 143: p. 391-401. 

7. He, X., et al., Terbium (III)-referenced N-doped carbon dots for ratiometric fluorescent sensing of mercury (II) 

in seafood. Food chemistry, 2020. 320: p. 126624. 

8. Li, S., et al., A Co, N co-doped hierarchically porous carbon hybrid as a highly efficient oxidase mimetic for 

glutathione detection. Sensors and Actuators B: Chemical, 2018. 264: p. 312-319. 

9. Ge, G., et al., Carbon dots: synthesis, properties and biomedical applications. Journal of Materials Chemistry 

B, 2021. 9(33): p. 6553-6575. 

10. Huang, S., et al., Dual functional nanocomposites of magnetic MnFe2O4 and fluorescent carbon dots for efficient 

U (VI) removal. Chemical Engineering Journal, 2019. 368: p. 941-950. 

 



Kompozitsion materiallar                                                                                              Композиционные материалы №3, 2025 

266 

Gʻulomova I.B., Mahkamov M.A., Islomov M.M. Karboksimetilkraxmal asosidagi bioparchalanuvchi polimer 

plyonkalar va ularning xossalari ………………………………………………………………………………….. 125 

Umrzoqov A.T., Muxiddinov B.F., Ikramov A., Vapoyev H.M., Qodirov S.M. Kompozit katalizatorlar 

ishtirokida atsetaldegidning ammiak bilan kondensatsiylanishi .............................................................................. 129 

Eshbaeva U.J. Tarkibida yelimlovchi moddalar bo’lgan qog’ozning bosma xossalarini tadqiq qilish ………….. 134 

Хамдамова Ч.Х., Сайфиева П.О., Очилов Э.А., Абед Н.С., Камолов Т.О. Исследование влияния 

параметров магнитного сепаратора на эффективность извлечения магнитной фракции …………………… 137 

Amonova M.M. Sapropel asosidagi sorbentlarning fazaviy tahlili: rentgenodifraksiya usulida baholash .............  140 

Яхшиева З.З., Асророва З. Методика определения ионов Fe(III) в мясных продуктах …………………… 143 

Бакахонов А.А., Яхшиева З.З., Султонов М.М. Kaрбоплатинни электрокимёвий таҳлил қилиш ……….. 145 

6. Проблемные обзоры 

Исаходжаева Н.А. Анализ и исследование свойств композиционных материалов и правила адаптивного 

конструирования …………………………………………………………………………………………………  149 

Озодова Ш.О. Автоматизация метрологических измерений ………………………………………………… 151 

Сайдалиева У.Р. Исследование свойств композиционных материалов, использующихся в 

цельномеховых головных уборах ……………………………………………………………………………….  154 

Очилов Э.А., Юсупов О.Г., Холбозорова Д.Н., Сайдуллаева К.А., Абдурахимов К.Г., Хушвактова 

У.А. Исследование механизма процесса выщелачивания огарка соляной кислотой ………………………… 156 

Турганбаев. Б.Б., Калбаев Б.А., Нажимов Ж.Б., Мамутов У.Б., Танатаров О.Р. Исследование 

возможностей применения базальта Шехжелинского месторождения в производстве строительных 

материалов ……………………………………………………………………………………………………….  158 

Очилдиев К.Т., Мухаметджанова Ш.А., Маткаримов С.Т., Носирхужаев С.К. Исследования по 

улучшению способа обеднения шлаков медного производства, применяемые в процессе плавления в 

отражательной печи ……………………………………………………………………………………………...  161 

Parmonov G‘., Parmonov S. “O‘zbekiston texnologik metallar kombinati” AJ qoshidagi Nodir metallar va 

qattiq qotishmalar ishlab chiqarish zavodi volfram texnogen chiqindilarini tahlil qilish ………………………… 165 

Xandamov D.A., Xonqulov Sh.B., Bekmirzayev A.Sh., Xandamova D.K., Doniyorov S.A., Xudoyberdiyev 

A.I. Adsorbsiya muvozanat izotermalarining nazariy asoslari va tahlili …………………………………………. 168 

Курязов З.М., Кадырова З.Р., Эминов А.М., Азимов Х.Э. Альтернативный источник глинистого 

сырья-илистых отложений водохранилищ для производства керамических материалов …………………. 171 

Yoqubov O.M. "Olmaliq KMK" AJda metall ishlab chiqarish texnogen xomashyolarining ahamiyati ………… 174 

Абдувалиева К.Х. К вопросу интенсификации технологии извлечения металлов платиновой группы …. 178 

Egamberdiyeva Sh.U., Berdimurodov E.T., Akbarov Kh.I. Synthesis of carbon dot from pomegranate peel 

waste and its modification with Fe3O4 magnetic nanoparticle …………………………………………………….. 180 

Daminov T.Z., Maxmarejabov D.B. Angren ko‘mir konidan olingan qo‘ng‘ir ko‘mir va kaolinli gil 

namunalarining moddiy tarkibi o‘rganish ………………………………………………………………………… 183 

Кулдеев Е.И., Негматов С.С. Диатомиты и потенциал их использования…………………………………. 186 

Rasulov A.A., Berdimurodov E.T., Akbarov Kh.I. Preparation of magnetic Fe3O4 modified with carbon dots 

derived from orange peels extract and its application in Ni2+ adsorption ………………………………………… 189 

Ruzmetov A.Kh., Ibragimov A.B., Atajanov B.A. Crystal structure and UV–Vis spectroscopic correlation of 

[triaqua-µ3-oxido-hexa(3-hydroxybenzoato)triiron(III)] chloride dihydrate ……………………………………...  192 

Рахимов Х.Ю., Юсупходжаева Э.Н., Аюбова И.Х., Халматова Н.Г. Магистрал газ қувурларини 

коррозиядан ҳимоя қилиш йўллари …………………………………………………………………………….. 195 

Akbarova Z.O. Application of zardozi embroidery technique in clothing and methods for its improvement ……  197 

 


