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Figure S1. FESEM images of (a) ZNP 1, (b) ZNP 2, (c) ZNP 3, (d) ZNP 6, (e) (f) ZNP 4 and (g) (h) ZNP 5. 

 

 



TEM CHARACTERIZATION 

Figure S2 provides TEM results obtained for sample ZNP 4. By BF-TEM images such as Figure S2a, the high-aspect ratio 
lamellar morphology is confirmed, in accordance with the FESEM characterization.  

 

Figure S2. TEM characterizaion of sample ZNP 4: bright-field TEM image (a), selected area electron diffraction (SAED) 
pattern (b), rotationally-averaged electron diffraction pattern (c), with peak labels corresponding to family of planes 
characteristic of the ZnO wurtzite crystalline structure.  

 

Structural information obtained by electron diffraction (Figure S2b, c) confirms the presence of ZnO wurtzite crystalline 
structure (hexagonal, P63mc space group) without secondary crystalline phases. The analysis of experimentally-obtained 
electron diffraction patterns (Figure S2b) was conducted with the Circular Hough analysis tool [D.R.G. Mitchell, Circular 
Hough transform diffraction analysis: A software tool for automated measurement of selected area electron diffraction 
patterns within Digital Micrograph™, Ultramicroscopy, 2008, 108(4), 367-374. Doi:10.1016/j.ultramic.2007.06.003] provided 
in Digital Micrograph for the identification of the diffraction rings. Subsequently, the rotationally-averaged electron 
diffraction pattern (Figure S2c) is obtained, where all the peaks can be ascribed to the ZnO crystalline phase. 

 



 
Figure S3. The optical density spectra of RhB solution under UV-Vis light illumination at different exposure time. The 

solution contained also ZnO nanostructures corresponding to samples (a) ZNP 1, (b) ZNP 2, (c) ZNP 3, (d) ZNP 4, (e) ZNP 

5 and (f) ZNP 6. 



 

Figure S4. The change of color of the RhB solution with ZNP 4 for 150 min under UV-Vis illumination. 

 



 
Figure S5. PL spectra of the synthesized ZnO samples taken at room temperature with excitation at a wavelength of 300 
nm. 



 
 
Figure S6. Reuse activity of ZNP 4 for RhB dye photodegradation. 
 



 

Figure S7. The proposed photocatalytic mechanism of ZnO nanostructures. 

 



Table S1. Element percentages obtained by EDX analysis. 

Sample name 
Zinc 

(at.%) 
Oxygen 
(at.%) 

Carbon 
(at.%) 

ZNP 1 48.9 45.2 5.9 

ZNP 2 46.6 47.0 6.4 

ZNP 3 48.3 45.7 6.0 

ZNP 4 47.4 46.7 5.9 

ZNP 5 45.1  48.6  6.3 

ZNP 6 41.9 45.3 12.8 

 

 



Table S2. Efficiency of photocatalytic degradation of dye in the presence of ZnO samples. 

Sample name R* after 150 min 
(%) 

K 
(h-1) 

ZNP 1 96.96 1.42 

ZNP 2 97.08 1.53 

ZNP 3 95.99 1.31 

ZNP 4 97.36 1.73 

ZNP 5 97.08 1.53 

ZNP 6 93.61 1.23 

 

 

  



Table S3. Comparison the performance of the herein studied ZnO with the reported ZnO photocatalysts in literature.  
 

 Article kav, h-1 
1. ZNP 4 (this article) 1.73 

2. ZNP 2 (this article) 1.53 

3. ZNP 6 (this article) 1.23 

4. Guaraldo, T.T.; Wenk, J.; Mattia, D. Photocatalytic ZnO Foams for Micropollutant 
Degradation. Adv. Sustainable Syst. 2021, 5, 2000208. https://doi.org/10.1002/adsu.202000208 

0.0182 

5. Aljaafari, A. Size Dependent Photocatalytic Activity of ZnO Nanosheets for Degradation of 
Methyl Red. Frontiers in Materials 2020, 7, 1-7. https://doi.org/10.3389/fmats.2020.562693 

1.411 

6. Dasa, A.; Nai, R. G. Effect of aspect ratio on photocatalytic performance of hexagonal ZnO 
nanorods. Journal of Alloys and Compounds 2019, 1-29. 
https://doi.org/10.1016/j.jallcom.2019.153277 

1.542 

7. Tian, Ch.; Zhang, Q.; Wu, A.; Jiang, M.; Liang, Zh.; Jiang, B.; Fu, H. Cost-effective large-scale 
synthesis of ZnO photocatalyst with excellent performance for dye photodegradation. Chem. 
Commun. 2012, 48, 2858–2860. https://doi.org/10.1039/C2CC16434E 

1.291 

8. Umar, K.; Mfarrej, M. F. B.; Rahman, Q. I.; Zuhaib, M.; Khan, A.; Zia, Q.; Banawas, S.; Nadeem, 
H.; Khan M. F.; Ahmad, F. ZnO Nano-swirlings for Azo Dye AR183 photocatalytic degradation 
and antimycotic activity. Scientific Reports 2022, 12, 14023. https://doi.org/10.1038/s41598-022-
17924-3 

0.906 

9. Zeljkovic, S.; Balaban, M.; Gajic, D.; Jelić D. Mechanochemically induced synthesis of N-ion 
doped ZnO: solar photocatalytic degradation of methylene blue. Green Chemistry Letters and 
Reviews 2022, 1-13. https://doi.org/10.1080/17518253.2022.2108343 

1.171 

10. Blažeka, D.; Radiˇci, R.; Maleti´c, D.; Živkovi, S. Enhancement of Methylene Blue 
Photodegradation Rate Using ZnO Nanoparticles. Nanomaterials 2022, 12, 2677. 
https://doi.org/10.3390/nano12152677 

1.381 

11. Etay, H.; Kumar, A.; Yadav, O. P. Kinetics of photocatalytic degradation of methylene blue dye 
in aqueous medium using ZnO nanoparticles under UV radiation. J. Anal. Pharm. Res. 2023, 
12, 32‒37. https://doi.org/10.15406/japlr.2023.12.00421 

0.3738 

12. Yusha’u, A.; Darma, M.S.; Isah, K.A. Sol-gel synthesis of ZnO nanoparticles for optmized 
photocatalytic degradation of Eriochrome Black T under UV irradiation. Alger. J. Eng. Technol. 
2023, 8, 117-30. https://doi.org/10.57056/ajet.v8i1.100 

1.291 

13. Akram, R.; Fatima, A.; Almohaimeed, Z. M.; Farooq, Z.; Qadir, K. W.; Zafar, Q.; Hua, M. 
Photocatalytic Degradation of Methyl Green Dye Mediated by Pure and Mn-Doped Zinc Oxide 
Nanoparticles under Solar Light Irradiation. Adsorption Science & Technology 2023, 2023, 1-
15. https://doi.org/10.1155/2023/5069872 

1.07 

 

 

 

Table S4. Comparison of Zn-based electrocatalysts for CO2 electrolysis in a batch cell. 

Materials 
Potential 

(V vs RHE) 
Electrolyte 

Current densityCO 

(mA·cm–2) 
 

FECO 

(%) 

ZnO (1) -0.8 0.1 M KHCO3 ~ 0.9  ~ 55 

ZnO (1) -0. 9 0.1 M KHCO3 ~ 2.0  ~ 68 

ED Zn dendritea (2) -0.9 0.5 M NaHCO3 ~ 4.0  ~ 62 

ED Zna (3) -1.0 0.1 M KHCO3 ~ 0.3  ~ 62 

Nanowire-like Zn (4) -0.9 0.5 M KHCO3 ~ 30  ~ 81 

ED Zna (5) -0.9 0.5 M KHCO3 ~ 7.3  ~ 73 



ED ZnOa (6) -0.9 0.5 M KHCO3 ~ 5.3  ~77 

ED Zn-3a (7) -0.9 0.1 M KHCO3 ~ 4.9  ~ 43 

Zn NSs (8) -0.9 0.1 M KHCO3 ~ 4.9  ~ 78 

ED P-Zna (9) -0.9 0.1 M KHCO3 ~ 23  ~ 93 

Zn/rGO (10) -0.9 0.5 M KHCO3 ~ 2.1  ~ 85 

This study 

ZNP 4 -1.2 0.1 M KHCO3 ~4.9  ~ 84.3 

ZNP 4 -1.0 0.2 M KHCO3 ~2.3  ~ 70.2 

a ED refers to electrodeposited route. 
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