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CHAPTER 5 

CONCLUSION 

5 Conclusion 

5.1 Conclusion 

From the research done, the synthesis done with both 

combinations of glucose and curcumin can produced particles up to 

379.4 mg at 90˚celcius when compared to only using sugar which can 

produce silica particles up to only 264 mg. From XRD analysis, 

curcumin also shows their ability as a stabilizing agent for the particle 

in which from the Scherrer equation, it is found that the particle size 

is around 0.25 nm in size and provide a sharp peak on the XRD 

analysis. In the adsorption studies, both particles SP-GC and SP-G 

does not show significant differences in which during kinetics 

adsorption it is found that SP-GC managed to adsorb sodium 

diclofenac up to 74.8% while SP-G manage to reach adsorption of 

sodium diclofenac up to 72,2% at maximum adsorption time of 300 

minutes or 5 hours. During isothermal adsorption done in various 

temperature for 6 hours, it is found out that SP-GC can reach up to 

77.4% of sodium diclofenac adsorbed at 50˚C while SP-G at 50˚C can 

adsorb sodium diclofenac up to 75.7%. Lastly in the release study, 

sodium diclofenac released in PBS medium provides a burst release 

at the first 5 hours and later becomes a slow release in which the first 

5 hours SP-GC managed to released up to 84% and SP-G released up 

to 85.3% which later seen at 25 hours SP-GC release can reached up 

to 96.8% and SP-G reached up to 98.8%.
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In conclusion, curcumin in addition into glucose as reducing 

agent helps in providing a much higher yield production from the 

TEOS solution into silica particles and giving smaller size of particle 

in the process. In other case however, curcumin does not provide 

much significant comparison in isothermal and kinetics studies in the 

experimentation except for the amount of drug able to be adsorb by 

the particles. In release, curcumin provides some differences where 

nanoparticles produced can sustain a longer period of release rather 

than the glucose produced silica nanoparticles.  

5.2 Suggestions 

If this research is continued or similar research are done, some 

suggestions which can be given is that more characterization should 

be done for this material such as Transmission Electron Microscope 

(TEM), zeta sizer or Fourier-Transformed Infrared Spectroscopy 

(FTIR) to find the nanoparticles specific size and composition. 

Another suggestion is that isothermal adsorption should be done in 

many more variables such as variation of concentration of adsorbate 

and adsorbent along with different temperatures so that the most 

optimal condition at which adsorption done can be found along with 

their isothermal model analysis. For release, suggestion that can be 

given is that the time in which the drug released can be optimized at 

a longer period as it can be seen in the data that percentage released 

can completely be maximized when done at a longer period. Lastly, 

when doing a similar experiment, it is suggested to find the possible 
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causes for degradation of the medicine as degradation of the 

medicine tends to cause instability of in UV-Visible spectroscopy 

readings.   



 

42 
 

REFERENCES 

6 References 

1. !!! INVALID CITATION !!! {Ye, 2016 #5@@author-
year;Wang, 2020 #87}. 

2. Jo, S., et al., Microwave-assisted Synthesis of Highly 
Fluorescent and Biocompatible Silicon Nanoparticles Using 
Glucose as Dual Roles of Reducing Agents and Hydrophilic 
Ligands. Chemistry Letters, 2017. 46(3): p. 398-400. 

3. Gongalsky, M.B., et al., Optical Monitoring of the 
Biodegradation of Porous and Solid Silicon Nanoparticles. 
Nanomaterials (Basel), 2021. 11(9). 

4. Moritz, M. and M. Geszke-Moritz, Mesoporous Materials as 
Elements of Modern Drug Delivery Systems for Anti-
Inflammatory Agents: A Review of Recent Achievements. 
Pharmaceutics, 2022. 14(8). 

5. Liang, J., C. Huang, and X. Gong, Silicon Nanocrystals and 
Their Composites: Syntheses, Fluorescence Mechanisms, 
and Biological Applications. ACS Sustainable Chemistry & 
Engineering, 2019. 7(22): p. 18213-18227. 

6. Pringle, T.A., et al., Bright Silicon Nanocrystals from a Liquid 
Precursor: Quasi-Direct Recombination with High Quantum 
Yield. ACS Nano, 2020. 14(4): p. 3858-3867. 

7. Algar, W.R., et al., Photoluminescent Nanoparticles for 
Chemical and Biological Analysis and Imaging. Chem Rev, 
2021. 121(15): p. 9243-9358. 

8. Ye, H.L., et al., One-Pot Microwave Synthesis of Water-
Dispersible, High Fluorescence Silicon Nanoparticles and 
Their Imaging Applications in Vitro and in Vivo. Anal Chem, 
2016. 88(23): p. 11631-11638. 

9. Park, Y., et al., Photoluminescent and biodegradable porous 
silicon nanoparticles for biomedical imaging. J Mater Chem 
B, 2019. 7(41): p. 6271-6292. 

10. Thiessen, A.N., et al., Silicon Nanoparticles: Are They 
Crystalline from the Core to the Surface? Chemistry of 
Materials, 2019. 31(3): p. 678-688



43 

 
 

 

 
11. Xu, Y., Y. Xin, and T. Shirai, A novel one-step synthesis of 

bright luminescent silicon nanocrystals capped with 
hydrophobic surface. Colloid and Interface Science 
Communications, 2021. 45. 

12. Han, Y., et al., One-Pot Synthesis of Fluorescent Silicon 
Nanoparticles for Sensitive and Selective Determination of 
2,4,6-Trinitrophenol in Aqueous Solution. Anal Chem, 2017. 
89(5): p. 3001-3008. 

13. Ji, X., et al., Silicon Nanomaterials for Biosensing and 
Bioimaging Analysis. Front Chem, 2018. 6: p. 38. 

14. Li, H., et al., Evaluation of biomimetically synthesized 
mesoporous silica nanoparticles as drug carriers: Structure, 
wettability, degradation, biocompatibility and brain 
distribution. Mater Sci Eng C Mater Biol Appl, 2019. 94: p. 
453-464. 

15. Croissant, J.G., et al., Synthetic amorphous silica 
nanoparticles: toxicity, biomedical and environmental 
implications. Nature Reviews Materials, 2020. 5(12): p. 886-
909. 

16. Trzeciak, K., et al., Mesoporous Silica Particles as Drug 
Delivery Systems-The State of the Art in Loading Methods 
and the Recent Progress in Analytical Techniques for 
Monitoring These Processes. Pharmaceutics, 2021. 13(7). 

17. Seljak, K.B., P. Kocbek, and M. Gašperlin, Mesoporous silica 
nanoparticles as delivery carriers: An overview of drug 
loading techniques. Journal of Drug Delivery Science and 
Technology, 2020. 59. 

18. Sen Karaman, D., et al., Recent Advances in the Use of 
Mesoporous Silica Nanoparticles for the Diagnosis of 
Bacterial Infections. Int J Nanomedicine, 2021. 16: p. 6575-
6591. 

19. Patra, D. and R. El Kurdi, Curcumin as a novel reducing and 
stabilizing agent for the green synthesis of metallic 
nanoparticles. Green Chemistry Letters and Reviews, 2021. 
14(3): p. 474-487



44 

 
 

 

 
20. Ortega, E., et al., Improvement of mesoporous silica 

nanoparticles: A new approach in the administration of 
NSAIDS. Journal of Drug Delivery Science and Technology, 
2020. 58. 

21. Gou, K., et al., Carboxyl-functionalized mesoporous silica 
nanoparticles for the controlled delivery of poorly water-
soluble non-steroidal anti-inflammatory drugs. Acta 
Biomater, 2021. 134: p. 576-592. 

22. Boarescu, I., et al., Curcumin Nanoparticles Enhance 
Antioxidant Efficacy of Diclofenac Sodium in Experimental 
Acute Inflammation. Biomedicines, 2021. 10(1). 

23. Kozakevych, R.B., Y.M. Bolbukh, and V.A. Tertykh, 
Controlled Release of Diclofenac Sodium from Silica-
Chitosan Composites. World Journal of Nano Science and 
Engineering, 2013. 03(03): p. 69-78. 

24. Zauska, L., et al., Thermosensitive Drug Delivery System 
SBA-15-PEI for Controlled Release of Nonsteroidal Anti-
Inflammatory Drug Diclofenac Sodium Salt: A Comparative 
Study. Materials (Basel), 2021. 14(8). 

25. Wang, J. and X. Guo, Adsorption kinetic models: Physical 
meanings, applications, and solving methods. J Hazard 
Mater, 2020. 390: p. 122156. 

26. Srihari, V. and A. Das, The kinetic and thermodynamic 
studies of phenol-sorption onto three agro-based carbons. 
Desalination, 2008. 225(1-3): p. 220-234. 

27. Dorofeev, G.A., et al., Determination of nanoparticle sizes 
by X-ray diffraction. Colloid Journal, 2012. 74(6): p. 675-685. 

28. Lim, E.B., T.A. Vy, and S.W. Lee, Comparative release 
kinetics of small drugs (ibuprofen and acetaminophen) from 
multifunctional mesoporous silica nanoparticles. J Mater 
Chem B, 2020. 8(10): p. 2096-2106. 

29. Sandberg, T., et al., Modeling of a Hybrid Langmuir 
Adsorption Isotherm for Describing Interactions Between 
Drug Molecules and Silica Surfaces. J Pharm Sci, 2018. 
107(5): p. 1392-1397. 



45 

 
 

30. Li, H., et al., Anti-inflammatory Cotton Fabrics and Silica 
Nanoparticles with Potential Topical Medical Applications. 
ACS Appl Mater Interfaces, 2020. 12(23): p. 25658-25675. 

31. Kharat, M., et al., Physical and Chemical Stability of 
Curcumin in Aqueous Solutions and Emulsions: Impact of pH, 
Temperature, and Molecular Environment. J Agric Food 
Chem, 2017. 65(8): p. 1525-1532. 

32. Lu, Y., et al., PEI-modified core-shell/bead-like amino silica 
enhanced poly (vinyl alcohol)/chitosan for diclofenac 
sodium efficient adsorption. Carbohydr Polym, 2020. 229: p. 
115459. 

33. Barczak, M., Synthesis and structure of pyridine-
functionalized mesoporous SBA-15 organosilicas and their 
application for sorption of diclofenac. Journal of Solid State 
Chemistry, 2018. 258: p. 232-242. 

34. Jauris, I.M., et al., Adsorption of sodium diclofenac on 
graphene: a combined experimental and theoretical study. 
Phys Chem Chem Phys, 2016. 18(3): p. 1526-36. 

35. Mi, X., et al., Adsorptive removal of diclofenac sodium from 
aqueous solution by magnetic COF: Role of hydroxyl group 
on COF. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 2020. 603. 

36. Terada, S., Y. Xin, and K.-i. Saitow, Cost-Effective Synthesis 
of Silicon Quantum Dots. Chemistry of Materials, 2020. 
32(19): p. 8382-8392. 

37. Nallathambi, G., et al., Effect of silica nanoparticles and 
BTCA on physical properties of cotton fabrics. Materials 
Research, 2011. 14(4): p. 552-559. 

38. Separation of Curcumin from Curcuma longa L. and its 
Conjugation with Silica Nanoparticles for Anti-cancer 
Activities. International Journal of Engineering, 2018. 
31(11). 

39. Žilnik, L.F., et al., Solubility of sodium diclofenac in different 
solvents. Fluid Phase Equilibria, 2007. 261(1-2): p. 140-145. 

40. Maia, G.S., et al., Adsorption of diclofenac sodium onto 
commercial organoclay: Kinetic, equilibrium and 



46 

 
 

 

thermodynamic study. Powder Technology, 2019. 345: p. 140-150. 
41. Khan, M.A., Studied On The Effect Of Ph Over Dissolution 

Profile Of Diclofenac Sodium Sustained Release Tablets. 
Journal of Drug Delivery & Therapeutics, 2012. 2((5)): p. 65-
66. 

 

 

  


