
 

103 
 

DAFTAR PUSTAKA 

 

 

Abbas, M., Rao, B. P., Reddy, V., & Kim, C. (2014). Fe3O4/TiO2 core/shell 

nanocubes: Single-batch surfactantless synthesis, characterization and 

efficient catalysts for methylene blue degradation. Ceramics International, 

40(7, Part B), 11177–11186. https://doi.org/10.1016/j.ceramint.2014.03.148 

Abd Elmohsen, S. A., Daigham, G. E., Mohmed, S. A., & Sidkey, N. M. (2024). 

Photocatalytic Degradation of Biological Contaminant (E. Coli) in Drinking 

Water Under Direct Natural Sunlight Irradiation using Incorporation of Green 

Synthesized TiO2, Fe2O3 Nanoparticles. Biomass Conversion and Biorefinery, 

0123456789. https://doi.org/10.1007/s13399-024-05602-5 

Abdel-Rahman, L. H., Al-Farhan, B. S., Abou El-ezz, D., Abd–El Sayed, M. A., 

Zikry, M. M., & Abu-Dief, A. M. (2022). Green Biogenic Synthesis of Silver 

Nanoparticles Using Aqueous Extract of Moringa Oleifera: Access to a 

Powerful Antimicrobial, Anticancer, Pesticidal and Catalytic Agents. Journal 

of Inorganic and Organometallic Polymers and Materials, 32(4), 1422–1435. 

https://doi.org/10.1007/s10904-021-02186-9 

Abo-Dief, H. M., Hussein, O. K., Ihsan, A., El-Bahy, S. M., Raslan, A. M., Shahid, 

M., & Warsi, M. F. (2022). Ternary metal oxide WO3.NiO.ZnO nanoparticles 

and their composite with CNTs for organic dye photocatalytic degradation. 

Ceramics International, 48(15), 22228–22236. 

https://doi.org/10.1016/j.ceramint.2022.04.225 

Aboulella, A. M., Wadi, V. S., Naddeo, V., Yousef, A. F., Banat, F., & Hasan, S. 

W. (2022). TiO2 ceramic membrane decorated with Fe3O4–Ag composite 

nanoparticles for produced water treatment. Chemosphere, 308, 136470. 

https://doi.org/10.1016/j.chemosphere.2022.136470 

Adrianto, N., Panre, A. M., Istiqomah, N. I., Riswan, M., Apriliani, F., & Suharyadi, 

E. (2022). Localized surface plasmon resonance properties of green 

synthesized silver nanoparticles. Nano-Structures & Nano-Objects, 31, 

100895. https://doi.org/https://doi.org/10.1016/j.nanoso.2022.100895 

Akakuru, O. U., Iqbal, Z. M., & Wu, A. (2020). TiO2 Nanoparticles: Properties And 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



104 

 

 
 

Applications. In W. R. Aiguo Wu (Ed.), Wiley-VCH Verlag GmbH & Co (1st 

ed.). Wiley. https://doi.org/10.1002/9783527825431.ch1 

Akhtar, K., Khan, S. A., Khan, S. B., & Asiri, A. M. (2018). Scanning Electron 

Microscopy: Principle and Applications in Nanomaterials Characterization 

BT  - Handbook of Materials Characterization (S. K. Sharma (ed.); hal. 113–

145). Springer International Publishing. https://doi.org/10.1007/978-3-319-

92955-2_4 

Albayati, T. M., Sabri, A. A., & Alazawi, R. A. (2016). Separation of Methylene 

Blue as Pollutant of Water by SBA-15 in a Fixed-Bed Column. Arabian 

Journal for Science and Engineering, 41(7), 2409–2415. 

https://doi.org/10.1007/s13369-015-1867-7 

Alexpandi, R., Abirami, G., Murugesan, B., Durgadevi, R., Swasthikka, R. P., Cai, 

Y., Ragupathi, T., & Ravi, A. V. (2023). Tocopherol-assisted magnetic Ag-

Fe3O4-TiO2 nanocomposite for photocatalytic bacterial-inactivation with 

elucidation of mechanism and its hazardous level assessment with zebrafish 

model. Journal of Hazardous Materials, 442(June 2022), 130044. 

https://doi.org/10.1016/j.jhazmat.2022.130044 

Aliah, H., Puspita Rini, N., Syafar Farouk, I., Zurnansyah, Jestha Mahardhika, L., 

Dwi Jayanti, P., Perdana Kusumah, H., Marsel Tumbelaka, R., Imani 

Istiqomah, N., Sumawati Asri, N., Nur Iman, R., & Suharyadi, E. (2024). 

Microstructures, Optical, magnetic Properties, and photocatalytic activity of 

magnetically separable and reusable ZnO-Doped Fe3O4/rGO nanocomposite 

synthesized via green route. Carbon Resources Conversion, 7(4), 100235. 

https://doi.org/10.1016/j.crcon.2024.100235 

Álvarez-Chimal, R., & Arenas-Alatorre, J. Á. (2023). Green Synthesis of 

Nanoparticles: A Biological Approach (K. J. Shah (ed.); hal. Ch. 5). 

IntechOpen. https://doi.org/10.5772/intechopen.1002203 

Ameh, E. S. (2019). A review of basic crystallography and x-ray diffraction 

applications. The International Journal of Advanced Manufacturing 

Technology, 105(7), 3289–3302. https://doi.org/10.1007/s00170-019-04508-1 

Anwer, H., Mahmood, A., Lee, J., Kim, K. H., Park, J. W., & Yip, A. C. K. (2019). 

Photocatalysts for degradation of dyes in industrial effluents: Opportunities 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



105 

 

and challenges. Nano Research, 12(5), 955–972. 

https://doi.org/10.1007/s12274-019-2287-0 

Ayu Larasati, D., Lismawenning Puspitarum, D., Imani Istiqomah, N., Partini, J., 

Ali, H., Ali, D., & Suharyadi, E. (2024). Novel green synthesis approach of 

eco-friendly magnetic/semiconductor nanocomposites as magnetically 

separable and reusable photocatalyst for organic dye degradation. Results in 

Chemistry, 10, 101693. 

https://doi.org/https://doi.org/10.1016/j.rechem.2024.101693 

Bacsik, Z., Mink, J., & Keresztury, G. (2004). FTIR spectroscopy of the 

atmosphere. I. Principles and methods. Applied Spectroscopy Reviews, 39(3), 

295–363. https://doi.org/10.1081/ASR-200030192 

Berthomieu, C., & Hienerwadel, R. (2009). Fourier transform infrared (FTIR) 

spectroscopy. Photosynthesis Research, 101(2–3), 157–170. 

https://doi.org/10.1007/s11120-009-9439-x 

Beyene, H. D., Werkneh, A. A., Bezabh, H. K., & Ambaye, T. G. (2017). Synthesis 

paradigm and applications of silver nanoparticles (AgNPs), a review. 

Sustainable Materials and Technologies, 13, 18–23. 

https://doi.org/10.1016/j.susmat.2017.08.001 

Brenner, D. J., Krieg, N. R., Staley, J. T., Garrity, G. M., Vos, P. De, Goodfellow, 

M., & Noel, R. (2005). Bergey’s Manual® of Systematic Bacteriology: 

Volume 1 Systematic Introductory Essays. 2, 1–312. 

Bunaciu, A. A., Udriştioiu, E. gabriela, & Aboul-Enein, H. Y. (2015). X-Ray 

Diffraction: Instrumentation and Applications. Critical Reviews in Analytical 

Chemistry, 45(4), 289–299. https://doi.org/10.1080/10408347.2014.949616 

Callao, M. P., & Larrechi, M. S. (2015). Fundamentals and Analytical Applications 

of Multiway Calibration. In A. M. de la Peña, H. C. Goicoechea, G. M. 

Escandar, & A. C. B. T.-D. H. in S. and T. Olivieri (Ed.), Fundamentals and 

Analytical Applications of Multiway Calibration (Vol. 29, hal. 399–426). 

Elsevier. https://doi.org/10.1016/B978-0-444-63527-3.00009-6 

CDC - U.S. Department of Health and Human Services and Centers for Disease 

Control and Prevention, & NIOSH - National Institute for Occupational Safety 

and Health. (2013). Occupational Exposure to Hexavalent Chromium - 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



106 

 

 
 

Criteria for a Recommended Standard. 168. 

Chang, J., Zhang, Q., Liu, Y., Shi, Y., & Qin, Z. (2018). Preparation of Fe3O4/TiO2 

magnetic photocatalyst for photocatalytic degradation of phenol. Journal of 

Materials Science: Materials in Electronics, 29(10), 8258–8266. 

https://doi.org/10.1007/s10854-018-8832-7 

Cheng, J., Zhan, C., Wu, J., Cui, Z., Si, J., Wang, Q., Peng, X., & Turng, L.-S. 

(2020). Highly Efficient Removal of Methylene Blue Dye from an Aqueous 

Solution Using Cellulose Acetate Nanofibrous Membranes Modified by 

Polydopamine. ACS Omega, 5(10), 5389–5400. 

https://doi.org/10.1021/acsomega.9b04425 

Choudhary, S., Sangela, V., Saxena, P., Saharan, V., Pugazhendhi, A., & Harish. 

(2023). Recent progress in algae-mediated silver nanoparticle synthesis. 

International Nano Letters, 13(3), 193–207. https://doi.org/10.1007/s40089-

022-00390-0 

Dambournet, D., Belharouak, I., & Amine, K. (2010). Tailored Preparation 

Methods of TiO2 Anatase, Rutile, Brookite: Mechanism of Formation and 

Electrochemical Properties. Chemistry of Materials, 22(3), 1173–1179. 

https://doi.org/10.1021/cm902613h 

de Jesus, R. A., de Assis, G. C., Oliveira, R. J. de, Costa, J. A. S., da Silva, C. M. 

P., Iqbal, H. M. N., & Ferreira, L. F. R. (2024). Metal/metal oxide 

nanoparticles: A revolution in the biosynthesis and medical applications. 

Nano-Structures & Nano-Objects, 37, 101071. 

https://doi.org/10.1016/j.nanoso.2023.101071 

Dey, D., Halder, N., Misra, K. P., Chattopadhyay, S., Jain, S. K., Bera, P., Kumar, 

N., & Mukhopadhyay, A. K. (2020). Systematic study on the effect of Ag 

doping in shaping the magnetic properties of sol-gel derived TiO2 

nanoparticles. Ceramics International, 46(17), 27832–27848. 

https://doi.org/10.1016/j.ceramint.2020.07.282 

Dutta, A. (2017). Micro and Nano Technologies. In S. Thomas, R. Thomas, A. K. 

Zachariah, & R. K. B. T.-S. M. for N. C. Mishra (Ed.), Micro and Nano 

Technologies (hal. 73–93). Elsevier. https://doi.org/10.1016/B978-0-323-

46140-5.00004-2 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



107 

 

El-Habacha, M., Dabagh, A., Lagdali, S., Miyah, Y., Mahmoudy, G., Sinan, F., 

Chiban, M., Iaich, S., & Zerbet, M. (2023). An efficient and adsorption of 

methylene blue dye on a natural clay surface: modeling and equilibrium 

studies. Environmental Science and Pollution Research. 

https://doi.org/10.1007/s11356-023-27413-3 

El Ghandoor, H., Zidan, H. M., Khalil, M. M. H., & Ismail, M. I. M. (2012). 

Synthesis and Some Physical Properties of Magnetite (Fe3O4) Nanoparticles. 

International Journal of Electrochemical Science, 7(6), 5734–5745. 

https://doi.org/10.1016/S1452-3981(23)19655-6 

Elliott, R. J. (1957). Intensity of optical absorption by excitons. Physical Review, 

108(6), 1384–1389. https://doi.org/10.1103/PhysRev.108.1384 

Epp, J. (2016). X-Ray Diffraction (XRD) Techniques for Materials 

Characterization. In Materials Characterization Using Nondestructive 

Evaluation (NDE) Methods. Elsevier Ltd. https://doi.org/10.1016/B978-0-08-

100040-3.00004-3 

Ezhilarasi, A. A., Vijaya, J. J., Kaviyarasu, K., Maaza, M., Ayeshamariam, A., & 

Kennedy, L. J. (2016). Green synthesis of NiO nanoparticles using Moringa 

oleifera extract and their biomedical applications: Cytotoxicity effect of 

nanoparticles against HT-29 cancer cells. Journal of Photochemistry and 

Photobiology B: Biology, 164, 352–360. 

https://doi.org/10.1016/j.jphotobiol.2016.10.003 

Fakhari, S., Jamzad, M., & Kabiri Fard, H. (2019). Green synthesis of zinc oxide 

nanoparticles: a comparison. Green Chemistry Letters and Reviews, 12(1), 19–

24. https://doi.org/10.1080/17518253.2018.1547925 

Fatmawati, A., Sucianingsih, D., Kurniawati, R., & Abdurrahman, M. (2021). 

Microscopic Identification and Determination of Total Flavonoid Content of 

Moringa Leaves Extract and Ethyl Acetate Fraction (Moringa oleifera L.) 

Identifikasi Mikroskopis dan Penentuan Kandungan Flavonoid Total Ekstrak 

Daun Kelor dan Fraksi Etil Asetat. Indonesian Journal of Pharmaceutical 

Science and Technology Journal Homepage, 1(1), 66–74. 

https://doi.org/10.24198/ijpst.v1i1.36337 

Fito, J., Abrham, S., & Angassa, K. (2020). Adsorption of Methylene Blue from 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



108 

 

 
 

Textile Industrial Wastewater onto Activated Carbon of Parthenium 

hysterophorus. International Journal of Environmental Research, 14(5), 501–

511. https://doi.org/10.1007/s41742-020-00273-2 

Fitriana, F. U. (2020). Pengolahan Air dengan Fotokatalisis Menggunakan Katalis 

Titanium Oksida (TiO2) dan Parameter Operasi yang Mempengaruhinya. 1–

13. https://doi.org/10.5281/zenodo.1134282 

Franco, M. K. K. D., Araújo, D. R. de, Paula, E. de, Cavalcanti, L., & Yokaichiya, 

F. (2017). X‐Ray Scattering Techniques Applied in the Development of Drug 

Delivery Systems. X-ray Scattering, January. https://doi.org/10.5772/65326 

Ganapathe, L. S., Mohamed, M. A., Mohamad Yunus, R., & Berhanuddin, D. D. 

(2020). Magnetite (Fe3O4) Nanoparticles in Biomedical Application: From 

Synthesis to Surface Functionalisation. In Magnetochemistry (Vol. 6, Nomor 

4). https://doi.org/10.3390/magnetochemistry6040068 

Gauri, B., Vidya, K., Sharada, D., & Shobha, W. (2016). Synthesis and 

characterization of Ag/AgO nanoparticles as alcohol sensor. Research Journal 

of Chemistry and Environment, 20(10), 1–5. 

Ghasemy-Piranloo, F., Bavarsiha, F., & Dadashian, S. (2022). Tribological 

properties of core/shell Fe3O4/TiO2 composites as additives in base oil. 

Journal of Sol-Gel Science and Technology, 103(3), 908–920. 

https://doi.org/10.1007/s10971-022-05864-3 

Gopalakrishnan, L., Doriya, K., & Kumar, D. S. (2016). Moringa oleifera: A review 

on nutritive importance and its medicinal application. Food Science and 

Human Wellness, 5(2), 49–56. https://doi.org/10.1016/j.fshw.2016.04.001 

Gupta, S. M., & Tripathi, M. (2011). A review of TiO2 nanoparticles. Chinese 

Science Bulletin, 56(16), 1639–1657. https://doi.org/10.1007/s11434-011-

4476-1 

Güzel, R., & Erdal, G. (2018). Synthesis of Silver Nanoparticles (K. Maaz (ed.); 

hal. Ch. 1). IntechOpen. https://doi.org/10.5772/intechopen.75363 

Hariharan, D., Thangamuniyandi, P., Jegatha Christy, A., Vasantharaja, R., 

Selvakumar, P., Sagadevan, S., Pugazhendhi, A., & Nehru, L. C. (2020). 

Enhanced photocatalysis and anticancer activity of green hydrothermal 

synthesized Ag@TiO2 nanoparticles. Journal of Photochemistry and 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



109 

 

Photobiology B: Biology, 202, 111636. 

https://doi.org/10.1016/j.jphotobiol.2019.111636 

Haris, Z., & Ahmad, I. (2024). Green synthesis of silver nanoparticles using 

Moringa oleifera and its efficacy against gram-negative bacteria targeting 

quorum sensing and biofilms. Journal of Umm Al-Qura University for Applied 

Sciences, 10(1), 156–167. https://doi.org/10.1007/s43994-023-00089-8 

Herschy, R. W. (2012). Water quality for drinking: WHO guidelines. Encyclopedia 

of Earth Sciences Series, 876–883. https://doi.org/10.1007/978-1-4020-4410-

6_184 

Hoang, V. V, Zung, H., & Trong, N. H. B. (2007). Structural properties of 

amorphous TiO2 nanoparticles. The European Physical Journal D, 44(3), 515–

524. https://doi.org/10.1140/epjd/e2007-00186-5 

Holder, C. F., & Schaak, R. E. (2019). Tutorial on Powder X-ray Diffraction for 

Characterizing Nanoscale Materials. ACS Nano, 13(7), 7359–7365. 

https://doi.org/10.1021/acsnano.9b05157 

Hussain, I., Singh, N. B., Singh, A., Singh, H., & Singh, S. C. (2016). Green 

synthesis of nanoparticles and its potential application. Biotechnology Letters, 

38(4), 545–560. https://doi.org/10.1007/s10529-015-2026-7 

Ibhadon, A. O., & Fitzpatrick, P. (2013). Heterogeneous photocatalysis: Recent 

advances and applications. Catalysts, 3(1), 189–218. 

https://doi.org/10.3390/catal3010189 

Ijaz, M., & Zafar, M. (2021). Titanium dioxide nanostructures as efficient 

photocatalyst: Progress, challenges and perspective. International Journal of 

Energy Research, 45(3), 3569–3589. https://doi.org/10.1002/er.6079 

Ismael, M. (2020). Enhanced photocatalytic hydrogen production and degradation 

of organic pollutants from Fe (III) doped TiO2 nanoparticles. Journal of 

Environmental Chemical Engineering, 8(2), 103676. 

https://doi.org/10.1016/j.jece.2020.103676 

Ismail, G. A., & Sakai, H. (2022). Review on effect of different type of dyes on 

advanced oxidation processes (AOPs) for textile color removal. Chemosphere, 

291, 132906. https://doi.org/10.1016/j.chemosphere.2021.132906 

Jadhav, V., Bhagare, A., Ali, I. H., Dhayagude, A., Lokhande, D., Aher, J., Jameel, 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



110 

 

 
 

M., & Dutta, M. (2022). Role of Moringa oleifera on Green Synthesis of 

Metal/Metal Oxide Nanomaterials. Journal of Nanomaterials, 2022, 2147393. 

https://doi.org/10.1155/2022/2147393 

Jadoun, S., Arif, R., Jangid, N. K., & Meena, R. K. (2021). Green synthesis of 

nanoparticles using plant extracts: a review. Environmental Chemistry Letters, 

19(1), 355–374. https://doi.org/10.1007/s10311-020-01074-x 

Jubu, P. R., Danladi, E., Ndeze, U. I., Adedokun, O., Landi, S., Haider, A. J., 

Adepoju, A. T., Yusof, Y., Obaseki, O. S., & Yam, F. K. (2024). Comment 

about the use of unconventional Tauc plots for bandgap energy determination 

of semiconductors using UV–Vis spectroscopy. Results in Optics, 

14(December 2023). https://doi.org/10.1016/j.rio.2024.100606 

Karthik, K., Dhanuskodi, S., Gobinath, C., Prabukumar, S., & Sivaramakrishnan, 

S. (2018). Multifunctional properties of microwave assisted CdO–NiO–ZnO 

mixed metal oxide nanocomposite: enhanced photocatalytic and antibacterial 

activities. Journal of Materials Science: Materials in Electronics, 29(7), 

5459–5471. https://doi.org/10.1007/s10854-017-8513-y 

Katata-Seru, L., Moremedi, T., Aremu, O. S., & Bahadur, I. (2018). Green synthesis 

of iron nanoparticles using Moringa oleifera extracts and their applications: 

Removal of nitrate from water and antibacterial activity against Escherichia 

coli. Journal of Molecular Liquids, 256, 296–304. 

https://doi.org/10.1016/j.molliq.2017.11.093 

Katsas, K., Diamantis, D. V, Linos, A., Psaltopoulou, T., & Triantafyllou, K. 

(2024). The Impact of Exposure to Hexavalent Chromium on the Incidence 

and Mortality of Oral and Gastrointestinal Cancers and Benign Diseases: A 

Systematic Review of Observational Studies, Reviews and Meta-Analyses. In 

Environments (Vol. 11, Nomor 1). 

https://doi.org/10.3390/environments11010011 

Kaur, A., Kaur, M., Singh, V., & Vyas, P. (2023). Nanocomposites of Ferrites with 

TiO2, SiO2 and Carbon Quantum Dots as Photocatalysts for Degradation of 

Organic Pollutants and Microbes. In Magnetochemistry (Vol. 9, Nomor 5). 

https://doi.org/10.3390/magnetochemistry9050127 

Khan, I., Saeed, K., Zekker, I., Zhang, B., Hendi, A. H., Ahmad, A., Ahmad, S., 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



111 

 

Zada, N., Ahmad, H., Shah, L. A., Shah, T., & Khan, I. (2022). Review on 

Methylene Blue: Its Properties, Uses, Toxicity and Photodegradation. In Water 

(Vol. 14, Nomor 2). https://doi.org/10.3390/w14020242 

Khan, M., Xu, J., Chen, N., Cao, W., Asadullah, Usman, Z., & Khan, D. F. (2013). 

Effect of Ag doping concentration on the electronic and optical properties of 

anatase TiO2: a DFT-based theoretical study. Research on Chemical 

Intermediates, 39(4), 1633–1644. https://doi.org/10.1007/s11164-012-0897-y 

Kumar, B., Vizuete, K. S., Sharma, V., Debut, A., & Cumbal, L. (2019). 

Ecofriendly synthesis of monodispersed silver nanoparticles using Andean 

Mortiño berry as reductant and its photocatalytic activity. Vacuum, 160, 272–

278. https://doi.org/10.1016/j.vacuum.2018.11.027 

Kumar, S. (2006). Spectroscopy of Organic Compounds. In Dept. of Chemistry 

(Vol. 66, hal. 1–36). 

Lendzion-Bieluń, Z., Wojciechowska, A., Grzechulska-Damszel, J., Narkiewicz, 

U., Śniadecki, Z., & Idzikowski, B. (2020). Effective processes of phenol 

degradation on Fe3O4–TiO2 nanostructured magnetic photocatalyst. Journal of 

Physics and Chemistry of Solids, 136, 109178. 

https://doi.org/10.1016/j.jpcs.2019.109178 

Liu, R., Liu, J., Huang, Q., Liu, S., & Jiang, Y. (2022). Moringa oleifera: a 

systematic review of its botany, traditional uses, phytochemistry, 

pharmacology and toxicity. Journal of Pharmacy and Pharmacology, 74(3), 

296–320. https://doi.org/10.1093/jpp/rgab131 

Liu, Y., Zhou, H., Wang, J., Yu, D., Li, Z., & Liu, R. (2022). Facile synthesis of 

silver nanocatalyst decorated Fe3O4@PDA core-shell nanoparticles with 

enhanced catalytic properties and selectivity. RSC Advances, 12(7), 3847–

3855. https://doi.org/10.1039/d1ra09187e 

Madima, N., Kefeni, K. K., Mishra, S. B., Mishra, A. K., & Kuvarega, A. T. (2022). 

Fabrication of magnetic recoverable Fe3O4/TiO2 heterostructure for 

photocatalytic degradation of rhodamine B dye. Inorganic Chemistry 

Communications, 145, 109966. https://doi.org/10.1016/j.inoche.2022.109966 

Mahardhika, L. J., Zurnansyah, Kusumah, H. P., Jayanti, P. D., Tumbelaka, R. M., 

Ardiyanti, H., Istiqomah, N. I., Sari, E. K., Asri, N. S., Angel, J., Aliah, H., & 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



112 

 

 
 

Suharyadi, E. (2024). Photodegradation enhancement of organic dyes using 

magnetically separable and reusable Fe3O4/rGO nanocomposites green-

synthesized utilizing plant leaves extract. Case Studies in Chemical and 

Environmental Engineering, 10(August), 100915. 

https://doi.org/10.1016/j.cscee.2024.100915 

Mahmood, K. T., Mugal, T., & Haq, I. U. (2010). Moringa oleifera: A natural gift-

a review. Journal of Pharmaceutical Sciences and Research, 2(11), 775–781. 

Makuła, P., Pacia, M., & Macyk, W. (2018). How To Correctly Determine the Band 

Gap Energy of Modified Semiconductor Photocatalysts Based on UV–Vis 

Spectra. The Journal of Physical Chemistry Letters, 9(23), 6814–6817. 

https://doi.org/10.1021/acs.jpclett.8b02892 

Marasinghe, D. (2019). DRUDE-LORENTZ ANALYSIS OF THE OPTICAL 

PROPERTIES OF THE QUASI- TWO-DIMENSIONAL 

DICHALCOGENIDES 2H-NbSe2 and 2H-TaSe2 (Nomor July). The 

University of Akron. 

Matinise, N., Fuku, X. G., Kaviyarasu, K., Mayedwa, N., & Maaza, M. (2017). ZnO 

nanoparticles via Moringa oleifera green synthesis: Physical properties & 

mechanism of formation. Applied Surface Science, 406, 339–347. 

https://doi.org/10.1016/j.apsusc.2017.01.219 

Maysarah, S., Putri, G. L., Pratama, M. A., Zulkarnain, F., Willetts, J., Foster, T., 

Genter, F., Harris, A., & Priadil, C. R. (2020). The Occurrence of Escherichia 

Coli in Groundwater of Bekasi City (Case Study: Jatiluhur, Sumur Batu, and 

Jatirangga Urban Villages). IOP Conference Series: Earth and Environmental 

Science, 566(1). https://doi.org/10.1088/1755-1315/566/1/012008 

Mehwish, H. M., Rajoka, M. S. R., Xiong, Y., Cai, H., Aadil, R. M., Mahmood, Q., 

He, Z., & Zhu, Q. (2021). Green synthesis of a silver nanoparticle using 

Moringa oleifera seed and its applications for antimicrobial and sun-light 

mediated photocatalytic water detoxification. Journal of Environmental 

Chemical Engineering, 9(4), 105290. 

https://doi.org/10.1016/j.jece.2021.105290 

Mikhaylova, Y., Adam, G., Häussler, L., Eichhorn, K. J., & Voit, B. (2006). 

Temperature-dependent FTIR spectroscopic and thermoanalytic studies of 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



113 

 

hydrogen bonding of hydroxyl (phenolic group) terminated hyperbranched 

aromatic polyesters. Journal of Molecular Structure, 788(1–3), 80–88. 

https://doi.org/10.1016/j.molstruc.2005.11.020 

Minchin, S., & Lodge, J. (2019). Understanding biochemistry: structure and 

function of nucleic acids. Essays in Biochemistry, 63(4), 433–456. 

https://doi.org/10.1042/EBC20180038 

Mourdikoudis, S., Pallares, R. M., & Thanh, N. T. K. (2018). Characterization 

techniques for nanoparticles: Comparison and complementarity upon studying 

nanoparticle properties. Nanoscale, 10(27), 12871–12934. 

https://doi.org/10.1039/c8nr02278j 

Mulampaka, S. N., & SaiNaidu, A. B. A. N. (2017). Studies on Photocatalytic 

Degradation of E. Coli Present in Drinking Water Using Commercial, 

Synthesized and Doped TiO2 As Catalyst. Open Access International Journal 

of Science & Engineering, 2(12), 32–38. 

https://www.oaijse.com/VolumeArticles/FullTextPDF/127_OAIJSE_STUDI

ES_ON_PHOTOCATALYTIC_DEGRADATION_OF_E._COLI_PRESEN

T_IN_DRINKING_WATER.pdf 

Murphy, M., Ting, K., Zhang, X., Soo, C., & Zheng, Z. (2015). Current 

Development of Silver Nanoparticle Preparation, Investigation, and 

Application in the Field of Medicine. Journal of Nanomaterials, 2015, 

696918. https://doi.org/10.1155/2015/696918 

Nair, G. M., Sajini, T., & Mathew, B. (2022). Advanced green approaches for metal 

and metal oxide nanoparticles synthesis and their environmental applications. 

Talanta Open, 5, 100080. https://doi.org/10.1016/j.talo.2021.100080 

Nandhini, S. N., Sisubalan, N., Vijayan, A., Karthikeyan, C., Gnanaraj, M., Gideon, 

D. A. M., Jebastin, T., Varaprasad, K., & Sadiku, R. (2023). Recent advances 

in green synthesized nanoparticles for bactericidal and wound healing 

applications. Heliyon, 9(2), e13128. 

https://doi.org/10.1016/j.heliyon.2023.e13128 

Nawaz, R., Kait, C. F., Chia, H. Y., Isa, M. H., Huei, L. W., & Sahrin, N. T. (2021). 

Synthesis of Black-TiO2 and manganese-doped TiO2 nanoparticles and their 

comparative performance evaluation for photocatalytic removal of phenolic 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



114 

 

 
 

compounds from agro-industrial effluent. Journal of Nanoparticle Research, 

23(12). https://doi.org/10.1007/s11051-021-05373-4 

Ng, K. K. (1995). Complete Guide to Semiconductor Devices. McGraw-Hill. 

https://books.google.co.id/books?id=H0xkQgAACAAJ 

Nguyen, M. D., Tran, H.-V., Xu, S., & Lee, T. R. (2021). Fe3O4 Nanoparticles: 

Structures, Synthesis, Magnetic Properties, Surface Functionalization, and 

Emerging Applications. In Applied Sciences (Vol. 11, Nomor 23). 

https://doi.org/10.3390/app112311301 

Nur, A. S. M., Sultana, M., Mondal, A., Islam, S., Robel, F. N., Islam, A., & Sumi, 

M. S. A. (2022). A review on the development of elemental and codoped TiO2 

photocatalysts for enhanced dye degradation under UV–vis irradiation. 

Journal of Water Process Engineering, 47, 102728. 

https://doi.org/10.1016/j.jwpe.2022.102728 

Nurlaili, T., Kurniasari, L., & Ratnani, R. D. (2017). Pemanfaatan Limbah 

Cangkang Telur Ayam Sebagai Adsorben Zat Warna Methyl Orange Dalam 

Larutan. Jurnal Inovasi Teknik Kimia, 2(2), 3060–3069. 

https://doi.org/10.31942/inteka.v2i2.1938 

Oladoye, P. O., Ajiboye, T. O., Omotola, E. O., & Oyewola, O. J. (2022). 

Methylene blue dye: Toxicity and potential elimination technology from 

wastewater. Results in Engineering, 16, 100678. 

https://doi.org/10.1016/j.rineng.2022.100678 

P., N. J., & B., K. J. (1998). Diarrheagenic Escherichia coli. Clinical Microbiology 

Reviews, 11(1), 142–201. https://doi.org/10.1128/cmr.11.1.142 

Parvathiraja, C., & Shailajha, S. (2023). Plasmonic core–shell nanoparticles of 

Ag@TiO2 for photocatalytic degradation of Rhodamine B. Applied 

Nanoscience, 13(6), 3677–3692. https://doi.org/10.1007/s13204-022-02499-2 

Pauling, L., & Corey, R. B. (1953). A Proposed Structure For The Nucleic Acids. 

Proceedings of the National Academy of Sciences, 39(2), 84–97. 

https://doi.org/10.1073/pnas.39.2.84 

Peng, Z., Wang, X., Huang, J., & Li, B. (2024). Chapter 53 - Pathogenic 

Escherichia coli (Y.-W. Tang, M. Y. Hindiyeh, D. Liu, A. Sails, P. Spearman, 

& J.-R. B. T.-M. M. M. (Third E. Zhang (ed.); hal. 1065–1096). Academic 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



115 

 

Press. https://doi.org/10.1016/B978-0-12-818619-0.00069-1 

Perumalsamy, H., Balusamy, S. R., Sukweenadhi, J., Nag, S., MubarakAli, D., El-

Agamy Farh, M., Vijay, H., & Rahimi, S. (2024). A comprehensive review on 

Moringa oleifera nanoparticles: importance of polyphenols in nanoparticle 

synthesis, nanoparticle efficacy and their applications. Journal of 

Nanobiotechnology, 22(1), 1–27. https://doi.org/10.1186/s12951-024-02332-

8 

Phromma, S., Wutikhun, T., Kasamechonchung, P., Sattayaporn, S., Eksangsri, T., 

& Sapcharoenkun, C. (2022). Effects of Ag modified TiO2 on local structure 

investigated by XAFS and photocatalytic activity under visible light. 

Materials Research Bulletin, 148, 111668. 

https://doi.org/10.1016/j.materresbull.2021.111668 

Prasad, T., & Elumalai, E. K. (2011). Biofabrication of Ag nanoparticles using 

Moringa oleifera leaf extract and their antimicrobial activity. Asian Pacific 

Journal of Tropical Biomedicine, 1(6), 439–442. 

https://doi.org/10.1016/S2221-1691(11)60096-8 

Price, R. G., & Wildeboer, D. (2017). E. coli as an Indicator of Contamination and 

Health Risk in Environmental Waters (A. Samie (ed.); hal. Ch. 7). IntechOpen. 

https://doi.org/10.5772/67330 

Qi, L., Wang, S., Liu, Y., Zhao, P., Tian, J., Zhu, B., Zhang, S., Xie, W., & Yu, H. 

(2024). Facile Preparation of Magnetically Separable Fe3O4/ZnO 

Nanocomposite with Enhanced Photocatalytic Activity for Degradation of 

Rhodamine B. Nanomaterials, 14(11). https://doi.org/10.3390/nano14110926 

Rafiq, A., Ikram, M., Ali, S., Niaz, F., Khan, M., Khan, Q., & Maqbool, M. (2021). 

Photocatalytic degradation of dyes using semiconductor photocatalysts to 

clean industrial water pollution. Journal of Industrial and Engineering 

Chemistry, 97, 111–128. https://doi.org/10.1016/j.jiec.2021.02.017 

Rahmawati, T., Butburee, T., Sangkhun, W., Wutikhun, T., Padchasri, J., 

Kidkhunthod, P., Phromma, S., Eksangsri, T., Kangwansupamonkon, W., 

Leeladee, P., & Sapcharoenkun, C. (2023). Green synthesis of Ag-TiO2. 

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 665, 

131206. https://doi.org/10.1016/j.colsurfa.2023.131206 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



116 

 

 
 

Rathi, V. H., Jeice, A. R., & Jayakumar, K. (2023). Green synthesis of Ag/CuO and 

Ag/ TiO2. Applied Surface Science Advances, 18, 100476. 

https://doi.org/10.1016/j.apsadv.2023.100476 

Ravichandran, R., Annamalai, K., Annamalai, A., & Elumalai, S. (2023). Solid state 

– Green construction of starch- beaded Fe3O4@Ag nanocomposite as superior 

redox catalyst. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 664, 131117. https://doi.org/10.1016/j.colsurfa.2023.131117 

Ren, Y., Xing, S., Wang, J., Liang, Y., Zhao, D., Wang, H., Wang, N., Jiang, W., 

Wu, S., Liu, S., Liu, C., Ding, W., Zhang, Z., Pang, J., & Dong, C. (2022). 

Weak-light-driven Ag–TiO2 photocatalyst and bactericide prepared by 

coprecipitation with effective Ag doping and deposition. Optical Materials, 

124, 111993. https://doi.org/10.1016/j.optmat.2022.111993 

Safarrida, A., . N., & Widada, J. (2015). Fitoremediasi Kandungan Kromium pada 

Limbah Cair Menggunakan Tanaman Air. Jurnal Bioteknologi &amp; 

Biosains Indonesia (JBBI), 2(2 SE-Research Articles), 55–59. 

https://doi.org/10.29122/jbbi.v2i2.509 

Saleh, T. A. (2016). Nanocomposite of carbon nanotubes/silica nanoparticles and 

their use for adsorption of Pb(II): from surface properties to sorption 

mechanism. Desalination and Water Treatment, 57(23), 10730–10744. 

https://doi.org/10.1080/19443994.2015.1036784 

Sanchez-Hachair, A., & Hofmann, A. (2018). Hexavalent chromium quantification 

in solution: Comparing direct UV–visible spectrometry with 1,5-

diphenylcarbazide colorimetry. Comptes Rendus Chimie, 21(9), 890–896. 

https://doi.org/10.1016/j.crci.2018.05.002 

Sari, E. K., Tumbelaka, R. M., Ardiyanti, H., Istiqomah, N. I., Chotimah, & 

Suharyadi, E. (2023). Green synthesis of magnetically separable and reusable 

Fe3O4/Cdots nanocomposites photocatalyst utilizing Moringa oleifera extract 

and watermelon peel for rapid dye degradation. Carbon Resources 

Conversion, 6(4), 274–286. https://doi.org/10.1016/j.crcon.2023.04.003 

Sathish, S., Kumar.K, S., U, S., Prabu, D., Karthikeyan, M., D, V., S, S., P, A., 

Baigenzhenov, O., & Kumar, J. A. (2024). Metal organic framework anchored 

onto biowaste mediated carbon material (rGO) for remediation of chromium 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



117 

 

(VI) by the photocatalytic process. Chemosphere, 357, 141963. 

https://doi.org/10.1016/j.chemosphere.2024.141963 

Shabaani, M., Rahaiee, S., Zare, M., & Jafari, S. M. (2020). Green synthesis of ZnO 

nanoparticles using loquat seed extract; Biological functions and 

photocatalytic degradation properties. LWT, 134, 110133. 

https://doi.org/10.1016/j.lwt.2020.110133 

Shahid, M., Dumat, C., Khalid, S., Schreck, E., Xiong, T., & Niazi, N. K. (2017). 

Foliar heavy metal uptake, toxicity and detoxification in plants: A comparison 

of foliar and root metal uptake. Journal of Hazardous Materials, 325, 36–58. 

https://doi.org/10.1016/j.jhazmat.2016.11.063 

Shakoor, S., & Nasar, A. (2017). Adsorptive treatment of hazardous methylene blue 

dye from artificially contaminated water using cucumis sativus peel waste as 

a low-cost adsorbent. Groundwater for Sustainable Development, 5, 152–159. 

https://doi.org/10.1016/j.gsd.2017.06.005 

Skudra, A., Revalde, G., Zajakina, A., Mezule, L., Spunde, K., Juhna, T., & 

Rancane, K. (2022). UV Inactivation of Semliki Forest Virus and E. coli 

Bacteria by Alternative Light Sources. Journal of Photochemistry and 

Photobiology, 10(April), 100120. https://doi.org/10.1016/j.jpap.2022.100120 

Soleimani, E., & Adyani, S. H. (2023). Green synthesis of magnetic silver 

nanocomposite: the photocatalytic performance of nanocomposite to 

decolorize organic dyes. Environmental Technology, 1–15. 

https://doi.org/10.1080/09593330.2023.2286453 

Sun, Z., Hübner, R., Li, J., & Wu, C. (2022). Artificially sporulated Escherichia 

coli cells as a robust cell factory for interfacial biocatalysis. Nature 

Communications, 13(1), 3142. https://doi.org/10.1038/s41467-022-30915-2 

Surendra, T. V, Roopan, S. M., Arasu, M. V., Al-Dhabi, N. A., & Rayalu, G. M. 

(2016). RSM Optimized Moringa Oleifera Peel Extract for Green Synthesis 

of M. Oleifera Capped Palladium Nanoparticles with Antibacterial and 

Hemolytic Property. Journal of Photochemistry and Photobiology B: Biology, 

162, 550–557. https://doi.org/10.1016/j.jphotobiol.2016.07.032 

Tarafdar, A., Raliya, R., Wang, W., Biswas, P., & Tarafdar, J. C. (2017). Green 

Synthesis of TiO2 Nanoparticle Using. International Research Journal of 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



118 

 

 
 

Engineering and Technology(IRJET), 4(3), 1–7. 

https://doi.org/10.1166/asem.2013.1376 

Thangamani, N., & Bhuvaneshwari, N. (2022). Synthesis, characterization of Ag 

nanoparticles using the green approach towards degradation of environmental 

pollutant. Journal of Materials Science: Materials in Electronics, 33(12), 

9155–9162. https://doi.org/10.1007/s10854-021-07188-4 

Tharaneedhar, V., Senthil Kumar, P., Saravanan, A., Ravikumar, C., & Jaikumar, 

V. (2017). Prediction and interpretation of adsorption parameters for the 

sequestration of methylene blue dye from aqueous solution using microwave 

assisted corncob activated carbon. Sustainable Materials and Technologies, 

11, 1–11. https://doi.org/10.1016/j.susmat.2016.11.001 

Tiloke, C., Anand, K., Gengan, R. M., & Chuturgoon, A. A. (2018). Moringa 

oleifera and their phytonanoparticles: Potential antiproliferative agents against 

cancer. Biomedicine and Pharmacotherapy, 108(April), 457–466. 

https://doi.org/10.1016/j.biopha.2018.09.060 

Tseng, W. J., Chuang, Y.-C., & Chen, Y.-A. (2018). Mesoporous 

Fe3O4@Ag@TiO2 nanocomposite particles for magnetically recyclable 

photocatalysis and bactericide. Advanced Powder Technology, 29(3), 664–

671. https://doi.org/10.1016/j.apt.2017.12.008 

Tseng, W. J., Kao, S. M., & Hsieh, J. H. (2015). Photocatalytic and bactericidal 

activity of mesoporous TiO2–Ag nanocomposite particles. Ceramics 

International, 41(9), 10494–10500. 

https://doi.org/10.1016/j.ceramint.2015.04.139 

Tumbelaka, R. M., Istiqomah, N. I., Kato, T., Oshima, D., & Suharyadi, E. (2022). 

High reusability of green-synthesized Fe3O4/TiO2 photocatalyst nanoparticles 

for efficient degradation of methylene blue dye. Materials Today 

Communications, 33, 104450. 

https://doi.org/10.1016/j.mtcomm.2022.104450 

Typical Specifications UV-1900i UV-Vis Spectrophotometer (2019). 

https://www.wolflabs.co.uk/document/Shimadzu_Spectrophotometer_UV-

1900i.pdf 

Uwatoko, R., Kani, N., Makino, S., Naka, T., Okamoto, K., Miyakawa, H., 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



119 

 

Hashimoto, N., Iio, R., Ueda, Y., & Hayashi, T. (2024). Shiga toxin-producing 

Escherichia coli-associated hemolytic uremic syndrome with recurrent acute 

cholecystitis: a case report. CEN Case Reports, 13(3), 215–219. 

https://doi.org/10.1007/s13730-023-00831-5 

Villagrán, Z., Anaya-Esparza, L. M., Velázquez-Carriles, C. A., Silva-Jara, J. M., 

Ruvalcaba-Gómez, J. M., Aurora-Vigo, E. F., Rodríguez-Lafitte, E., 

Rodríguez-Barajas, N., Balderas-León, I., & Martínez-Esquivias, F. (2024). 

Plant-Based Extracts as Reducing, Capping, and Stabilizing Agents for the 

Green Synthesis of Inorganic Nanoparticles. Resources, 13(6). 

https://doi.org/10.3390/resources13060070 

Vinosel, V. M., Anand, S., Janifer, M. A., Pauline, S., Dhanavel, S., Praveena, P., 

& Stephen, A. (2019). Preparation and performance of Fe3O4/TiO2 

nanocomposite with enhanced photo-Fenton activity for photocatalysis by 

facile hydrothermal method. Applied Physics A, 125(5), 319. 

https://doi.org/10.1007/s00339-019-2622-9 

Wahyuni, S., Riswan, M., Adrianto, N., Dharmawan, M. Y., Tumbelaka, R. M., 

Cuana, R., Istiqomah, N. I., Jiananda, A., Garcia, S., & Suharyadi, E. (2023). 

Localized surface plasmon resonance properties dependence of green-

synthesized Fe3O4/Ag composite nanoparticles on Ag concentration and an 

electric field for biosensor application. Photonics and Nanostructures - 

Fundamentals and Applications, 57, 101191. 

https://doi.org/10.1016/j.photonics.2023.101191 

Wang, X., Zhang, P., Xu, F., Sun, B., Hong, G., & Bao, L. (2022). Adsorption of 

Methylene Blue on Azo Dye Wastewater by Molybdenum Disulfide 

Nanomaterials. In Sustainability (Vol. 14, Nomor 13). 

https://doi.org/10.3390/su14137585 

Wang, Y., Wu, S., Li, D., Lei, W., Shen, Y., & Li, F. (2022). Reusable cubic porous 

light-storing assisted photodegradation composite 

Sr2MgSi2O7:Eu2+,Dy3+/Ag3PO4 device with adsorption-photocatalysis 

effects for dark degradation. Journal of Materials Science, 57(31), 14877–

14889. https://doi.org/10.1007/s10853-022-07566-1 

Wenzel, T. (2021). What factors influence the absorbance that you would measure 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



120 

 

 
 

for a sample? Is each factor directly or inversely proportional to the 

absorbance? 

https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Molecular_an

d_Atomic_Spectroscopy_(Wenzel)/1%3A_General_Background_on_Molecu

lar_Spectroscopy/1.2%3A_Beers_Law 

Xin, T., Ma, M., Zhang, H., Gu, J., Wang, S., Liu, M., & Zhang, Q. (2014). A facile 

approach for the synthesis of magnetic separable Fe3O4@TiO2, core–shell 

nanocomposites as highly recyclable photocatalysts. Applied Surface Science, 

288, 51–59. https://doi.org/10.1016/j.apsusc.2013.09.108 

Xing, Y., Bai, X.-H., Gong, Y., Peng, M.-L., Zhang, Y.-Y., Ma, X.-R., & Zhang, 

Y. (2020). Enhanced catalytic properties of Fe3O4/Ag magnetic microspheres 

synthesized by a novel thermal co-reduction method. Journal of Magnetism 

and Magnetic Materials, 510, 166951. 

https://doi.org/10.1016/j.jmmm.2020.166951 

Yang, C., Wu, J., & Hou, Y. (2011). Fe3O4 nanostructures: synthesis, growth 

mechanism, properties and applications. Chemical Communications, 47(18), 

5130–5141. https://doi.org/10.1039/C0CC05862A 

Yoga Darmawan, M., Imani Istiqomah, N., Adrianto, N., Marsel Tumbelaka, R., 

Dwi Nugraheni, A., & Suharyadi, E. (2023a). Green synthesis of Fe3O4/Ag 

composite nanoparticles using Moringa oleifera: Exploring microstructure, 

optical, and magnetic properties for magnetic hyperthermia applications. 

Results in Chemistry, 6(March), 100999. 

https://doi.org/10.1016/j.rechem.2023.100999 

Yoga Darmawan, M., Imani Istiqomah, N., Adrianto, N., Marsel Tumbelaka, R., 

Dwi Nugraheni, A., & Suharyadi, E. (2023b). Green synthesis of Fe3O4/Ag 

composite nanoparticles using Moringa oleifera: Exploring microstructure, 

optical, and magnetic properties for magnetic hyperthermia applications. 

Results in Chemistry, 6, 100999. 

https://doi.org/10.1016/j.rechem.2023.100999 

Yu, K. (2009). Optical Spectroscopy of GaN / Al ( Ga ) N Quantum Dots Grown by 

Molecular Beam Epitaxy [Linköping University]. https://www.diva-

portal.org/smash/get/diva2:229047/FULLTEXT01.pdf 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



121 

 

Yusri, A. Z. dan D. (2020). Pengaruh Proses Iradiasi Gamma Terhadap Penurunan 

Kadar Kromiun Dalam Limbah Cair Elektroplating. Jurnal Ilmu Pendidikan, 

7(2), 809–820. https://ejournal.warunayama.org/ 

Zhang, J., Cha, J. K., Fu, G., Cho, E. J., Kim, H. S., & Kim, S. H. (2022). Aerosol 

processing of Ag/TiO2 composite nanoparticles for enhanced photocatalytic 

water treatment under UV and visible light irradiation. Ceramics 

International, 48(7), 9434–9441. 

https://doi.org/10.1016/j.ceramint.2021.12.140 

Zhang, J., Zhang, Y., Lei, Y., & Pan, C. (2011). Photocatalytic and degradation 

mechanisms of anatase TiO2: a HRTEM study. Catalysis Science & 

Technology, 1(2), 273–278. https://doi.org/10.1039/C0CY00051E 

Zhao, Y., Tao, C., Xiao, G., Wei, G., Li, L., Liu, C., & Su, H. (2016). Controlled 

synthesis and photocatalysis of sea urchin-like Fe3O4@TiO2@Ag 

nanocomposites. Nanoscale, 8(9), 5313–5326. 

https://doi.org/10.1039/C5NR08624H 

Zhu, F.-Y., Wang, Q.-Q., Zhang, X.-S., Hu, W., Zhao, X., & Zhang, H.-X. (2014). 

3D nanostructure reconstruction based on the SEM imaging principle, and 

applications. Nanotechnology, 25(18), 185705. https://doi.org/10.1088/0957-

4484/25/18/185705 

Green Synthesis Nanokomposit Fe3O4/Ag/TiO2 Menggunakan Ekstrak Daun Moringa Oleifera untuk
Aplikasi
Degradasi Fotokatalitik
Syarifah Nihlah Yahya, Photocatalytic, nanocomposite, methylene blue, chromium hexavalent, eschericia coli, green synthesise, Fe3O4/Ag/TiO2
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/


	HALAMAN JUDUL
	HALAMAN PENGESAHAN
	PERNYATAAN BEBAS PLAGIASI
	MOTTO DAN PERSEMBAHAN
	PRAKATA
	DAFTAR ISI
	DAFTAR GAMBAR
	DAFTAR TABEL
	INTISARI
	ABSTRACT
	1 BAB I PENDAHULUAN
	1.1 Latar Belakang
	1.2 Rumusan Masalah
	1.3 Batasan Masalah
	1.4 Tujuan Penelitian
	1.5 Manfaat Penelitian
	1.6 Sistematika Penelitian

	2 BAB II TINJAUAN PUSTAKA
	2.1 Nanokomposit Fe3O4@TiO2
	2.2 Nanokomposit Fe3O4/Ag
	2.3 Nanokomposit Ag/TiO2
	2.4 Nanokomposit Fe3O4/Ag/TiO2

	3 BAB III LANDASAN TEORI
	3.1 Green Synthesis
	3.2 Moringa Oleifera (MO)
	3.3 Nanokomposit Magnetit (Fe3O4)
	3.4 Logam Perak (Ag)
	3.5 Nanokomposit Titanium Dioksida (TiO2)
	3.6 Kemagnetan Material
	3.6.1 Diamagnetik
	3.6.2 Paramagnetik
	3.6.3 Ferromagnetik
	3.6.4 Anti-ferromagnetik
	3.6.5 Ferrimagnetik
	3.6.6 Superparamagnetik

	3.7 Pewarna Methylene Blue (MB)
	3.8 Logam Berat Chromium Hexavalent (Cr (VI))
	3.9 Bakteri Escherichia Coli
	3.10 Fotokatalis
	3.11 Energi Celah Pita
	3.12 Karakterisasi Material
	3.12.1 X-Ray Diffractometer (XRD)
	3.12.2 Fourier Transform Infra-Red (FTIR)
	3.12.3 Scanning Electron Microscopy-Energy Dispersive X-Ray (SEM-EDX)
	3.12.4 Transmission Electron Microscopy (TEM)
	3.12.5 Vibrating Sample Magnetometer (VSM)
	3.12.6 Spektrofotometri Ultraviolet-Visible (UV-Vis)


	4 BAB IV METODE PENELITIAN
	4.1 Waktu dan Tempat Penelitian
	4.2 Bahan dan Alat Penelitian
	4.3 Skema Penelitian
	4.4 Prosedur Penelitian
	4.4.1 Sintesis Larutan MO
	4.4.2 Green Synthesis Nanopartikel Fe3O4
	4.4.3 Sintesis Fe3O4-APTMS
	4.4.4 Green Synthesis Larutan AgNO3
	4.4.5 Komposit Fe3O4/Ag (Ag 𝒙 𝒎𝑴)
	4.4.6 Green Synthesis Sintesis TTIP 65%
	4.4.7 Komposit Fe3O4/Ag/TiO2 (Ag 𝒙 𝒎𝑴)

	4.5 Karakterisasi Material dan Teknik Analisis Data
	4.5.1 Karakterisasi menggunakan XRD
	4.5.2 Karakterisasi menggunakan FTIR
	4.5.3 Karakterisasi menggunakan SEM EDX
	4.5.4 Karakterisasi menggunakan TEM dan SAED
	4.5.5 Karakterisasi menggunakan VSM
	4.5.6 Karakterisasi menggunakan Spektrofotometer UV-Vis

	4.6 Uji Aktivitas Fotodegradasi
	4.6.1 Uji Fotodegradasi MB
	4.6.2 Uji Keberulangan
	4.6.3 Uji Fotodegradasi Cr (VI)
	4.6.4 Uji Fotodegradasi E. Coli


	5 BAB V HASIL DAN PEMBAHASAN
	5.1 Hasil Karakterisasi green synthesized Nanokomposit Fe3O4/Ag/TiO2
	5.1.1 Analisa Struktur Kristal dan Ukuran Kristal
	5.1.2 Analisa Morfologi, Komposisi, dan Ukuran Partikel
	5.1.3 Analisa Gugus Fungsi dan Ikatan Molekul
	5.1.4 Analisa Sifat Kemagnetan
	5.1.5 Analisa Sifat Optik dan Energi Celah Pita

	5.2 Aktivitas Fotokatalitik Nanokomposit Fe3O4/Ag/TiO2
	5.2.1 Uji Fotokatalitik Degradasi Pewarna Methylene Blue
	5.2.1.1 Mekanisme Fotokatalitik Pewarna Methylene Blue
	5.2.1.2 Uji Keberulangan (Reusability)

	5.2.2 Uji Fotokatalitik Degradasi Logam Berat Cr (VI)
	5.2.2.1 Mekanisme Fotokatalitik Logam Berat Cr (VI)

	5.2.3 Uji Fotokatalitik Degradasi Bakteri Escherichia coli
	5.2.3.1 Mekanisme Fotokatalitik Bakteri Escherichia coli



	6 BAB VI KESIMPULAN DAN SARAN
	6.1 Kesimpulan
	6.2 Saran

	DAFTAR PUSTAKA
	LAMPIRAN 1
	LAMPIRAN 2
	LAMPIRAN 3
	LAMPIRAN 4
	LAMPIRAN 5
	LAMPIRAN 6
	LAMPIRAN 7
	LAMPIRAN 8

