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Abstract:  

Prussian blue analogues (PBAs)[1–5] have exhibited great performance towards   electrochemical water 

oxidation because of their high activity and stability. However, there were some challenges because of 

their limited surface area and less accessible active sites. Herein this work, we have explored the synthesis 

of a Prussian blue analogue-based thin layered double hydroxide (PBA-TLDH)[6–9] through a 

reconstruction method. The (PBA-TLDH) possessed high surface area and a large number of active sites 

for enhanced electrochemical water oxidation. These PBA-LDH materials were well characterized by X-

ray diffraction, Fourier transform infrared spectroscopy (FT-IR), transmission electron microscopy 

(TEM), and electrochemical techniques[1,7,10–12]. The PBA-TLDH materials had a well-defined thin 

layered structure with the PBAs uniformly distributed in the interlayer spaces of the LDHs. The PBA-

LDH catalyst showed enhanced electrocatalytic activity towards water oxidation, with a very low 

overpotentials up to 240 mV and current density of 10 mA cm-2,[9,13–16] have been achieved which is 

significantly lower than that of the pristine PBAs. Moreover, these thin layered double hydroxides material 

showed excellent stability over large electrochemical cycle. This work provides a new strategy for the 

design and synthesis of highly active and stable electrocatalysts for water oxidation. 
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Introduction: 

Prussian blue analogues (PBAs) are very important class of co-ordination compound which is also known 

as Prussian blue substitutes or iron cyanides[17]. These (PBAs) compounds have a similar crystal structure 

and colour as Prussian blue but these compounds can be made using different chemical process. PBAs can 

be synthesized by combining different metal ions with cyanide ions, resulting in a range of colours from 

blue to green and even purple[18]. 

One of the very important and famous Prussian blue analogues is copper hexacyanoferrate which exhibited 

blue-green colour and is extensively used as a pigment in paints and inks. Another renounced example of 

PBA is manganese hexacyanoferrate which has a purple colour and is sometimes used as a catalyst in 

chemical reactions. 

The Prussian blue analogues were well explored having some similarities with Prussian blue, as well as  
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they may possessed different chemical and physical properties. The PBAs having different physical and 

chemical properties rolled it out for a variety of extremely useful applications beyond traditional uses of 

Prussian blue. Prussian Blue analogues (PBAs) have recently attracted researchers’ attention as promising 

catalysts for electrochemical water oxidation[19–22]. Layered double hydroxides (LDHs) are another 

important class of clay material that has been peculiar for its catalytic activity towards electrochemical 

water oxidation. Combining the properties of these two materials, PBAs and LDHs, to create a Prussian 

Blue analogue based layered double hydroxide (PBA-LDH) may offer advantages such as improved 

catalytic activity and stability. 

 

The Role of Thin Layered Double Hydroxides (TLDHs) 

Thin Layered Double Hydroxides (TLDHs) represent a ground-breaking advancement in the field of 

catalysis, particularly in the context of water oxidation[23–25]. These materials, characterized by their 

unique layered structure, consist of positively charged metal hydroxide layers interleaved with anions and 

water molecules. This architectural configuration not only enhances their stability but also facilitates the 

efficient transfer of charge and mass, which are crucial for catalytic processes[13,23,26]. 

One of the most significant attributes of TLDHs is their tunability[9,27–29]. By varying the metal 

constituents and the interlayer anions, researchers can tailor the electronic and catalytic properties of these 

compounds to optimize their performance in specific reactions. For water oxidation, this tunability is 

particularly beneficial, as it allows for the fine-tuning of the active sites responsible for the catalysis. 

Metals such as nickel, cobalt, and manganese can be incorporated into the TLDH structure, each 

contributing unique properties that enhance the overall catalytic efficiency[9,21,30–33]. 

Moreover, TLDHs have shown remarkable stability under reaction conditions, a critical factor for any 

catalytic material. Their layered structure provides a protective environment that minimizes degradation, 

ensuring prolonged activity during water oxidation processes. This stability is complemented by their 

ability to form well-defined active sites, which are essential for driving the water-splitting reaction 

efficiently[16,30]. 

Recent studies have demonstrated that TLDHs can achieve high turnover frequencies while maintaining 

low overpotentials, making them highly efficient catalysts compared to traditional materials. Their ability 

to facilitate electron transfer while simultaneously promoting the adsorption of reactants makes them ideal 

candidates for integration into photoelectrochemical cells and other renewable energy technologies. 

In summary, the rise of Thin Layered Double Hydroxides marks a significant turning point in the quest 

for effective water oxidation catalysts[9,24,27,28,34]. Their unique structural properties, coupled with 

their tunability and stability, position them as frontrunners in the development of next-generation catalytic 

systems aimed at sustainable energy solutions. As research continues to unravel the potential of TLDHs, 

their impact on the field of catalysis is poised to grow, paving the way for innovative applications in energy 

conversion and storage. 

 

Structural Characteristics 

Prussian blue analogue (PBA) derived layered doubled hydroxides (LDH) can be prepared through a co-

precipitation method[5,21,35–41]. In co-precipitation method Prussian blue analogues and layered double 

hydroxides are mixed together in solution and these two materials allowed to form a solid material through 

a precipitation reaction. In this way the resulting PBA-LDH material has a layered structure with the PBAs 

incorporated into the layers of the LDHs. 

https://www.ijfmr.com/
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The PBA-LDHs showed enhanced electrochemical water oxidation activity which has been well studied 

by cyclic voltammetry and chronoamperometry technique. These types of catalysts have shown the high 

catalytic activity towards electrochemical water oxidation, having quite low overpotentials for the 

oxidation reaction taking place. The additional characteristics of these PBA-LDHs are high stability 

towards long time electrochemical cycle, which making them excellent materials for use in 

electrochemical water oxidation applications. 

 

Reconstruction of PBA in to thin Layered Double Hydroxide. 

 
Fig- Schematic structural reconstruction of Prussian blue analogue into thin layered double hydroxide[42] 

The structural, compositional and other properties of these two material Prussian blue analogues and 

layered double hydroxides are different. However thin layered double hydroxide can be easily prepared 

by utilising Prussian blue analogues as a precursor material.  

Prussian blue analogues (PBAs) are polymers of co-ordination Compounds[43] these co-ordination 

compound contains transition metal ions (such as Fe, Co, Ni) which are co-ordinated with cyanide 

ligands[43,44]. Prussian Blue Analogues have a cubical morphology or tetragonal crystal structure. In 

cubic morphology consist of corner-sharing octahedral units. When we look forward for structural pattern 

of layered double hydroxides (LDHs) then these are anionic clays that consist of positively charged metal 

hydroxide layers stacked with interlayer anions, such as carbonate or nitrate ions. Layered Doubled 

Hydroxides have a layered structure with a brucite-like arrangement of cations and hydroxide anions. 

 

Result and Discussion 

When PBA is dissolves in suitable solvent and in alkaline then its transformed by subsequent 

reconstruction into Layered Double Hydroxides. One of the most renounced methods involves the use of 

hydrazine to reduce the metal ions in PBAs to their lower oxidation states and create metal hydroxide 

species, which is then reconstructed in to LDHs.[27,45] 

The process of structural reconstruction of PBAs into thin LDHs can be summarized as follows: 

• The Prussian Blue Analogues precursor is dissolved in a suitable solvent, such as water or 

ethanol[22,46–48]. 

• The reducing agent added, such as hydrazine or sodium borohydride, to the solution to reduce the 

metal ions to their lower oxidation states[43,49,50]. 

• The pH of the solution is adjusted to promote the formation of metal hydroxide species[29]. 

https://www.ijfmr.com/
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• Now solution is allowed to age or undergo hydrothermal treatment to allow for the reassembly of the 

metal hydroxide species into Thin Layered Double Hydroxides[22,25,33,51]. 

• The resulting Thin Layered Double Hydroxides is collected by filtration or centrifugation, and wash 

and dry the product[22,23,39,52,53]. 

The Thin Layered Double Hydroxides thus formed possessed a layered structure with a brucite-like 

arrangement of cations and hydroxide anions, which resembles with natural LDHs.[42,54] The actual 

structure and composition of the resulting material will depend on the specific PBA precursor used, the 

choice of solvent and reducing agent, and the reaction conditions. 

 

Conclusion:  

Herein we conclude that the reconstruction of Prussian blue analogues (PBAs) into thin layered double 

hydroxides (TLDHs) can be achieved through a reconstruction method which has been shown to provide 

a promising approach for the development of efficient and stable electrocatalysts for electrochemical water 

oxidation[21,55]. The PBA-TLDH material form in this way exhibits a well-defined layered structure 

having a high surface area and a large number of accessible active sites, which showed enhanced 

electrochemical catalytic activity towards oxidation of water. 

The demonstration of electrochemical measurements has revealed that PBA-TLDH has a very low 

overpotential than pristine PBAs, which indicated its higher electrochemical catalytic activity towards 

water oxidation. Further, the synthesized PBA-TLDH material shows excellent stability over extended 

electrochemical cycling, which making it a promising candidate for practical water oxidation applications. 

Overall, this work provides an approach for the design and synthesis of high-performance electrocatalysts 

for water oxidation by combining the unique properties of PBAs and TLDHs. Further studies can be 

conducted to explore the potential of PBA-TLDH in other electrocatalytic applications and to optimize 

the synthesis conditions for further improvements in performance. 

Overall, the combination of PBAs and LDHs to form PBA-LDHs offers a promising approach for the 

development of efficient and stable catalysts for electrochemical water oxidation. 

 

References 

1. B. Singh, O. Prakash, P. Maiti, P.W. Menezes, A. Indra, Electrochemical transformation of Prussian 

blue analogues into ultrathin layered double hydroxide nanosheets for water splitting, Chem. Commun. 

56 (2020) 15036–15039. https://doi.org/10.1039/d0cc06362b. 

2. H. Zhang, C. Li, D. Chen, J. Zhao, X. Jiao, Y. Xia, Facile preparation of Prussian blue analogue 

Co3[Co(CN)6]2 with fine-tuning color transition temperature as thermochromic material, 

CrystEngComm. 19 (2017) 2057–2064. https://doi.org/10.1039/c7ce00384f. 

3. J. Lejeune, J.B. Brubach, P. Roy, A. Bleuzen, Application of the infrared spectroscopy to the structural 

study of Prussian blue analogues, Comptes Rendus Chim. 17 (2014) 534–540. 

https://doi.org/10.1016/j.crci.2014.01.017. 

4. H. Niwa, T. Moriya, T. Shibata, Y. Fukuzumi, Y. Moritomo, In situ IR spectroscopy during oxidation 

process of cobalt Prussian blue analogues, Sci. Rep. 11 (2021) 1–9. https://doi.org/10.1038/s41598-

021-83699-8. 

5. B. Singh, A. Indra, Prussian blue- and Prussian blue analogue-derived materials: progress and 

prospects for electrochemical energy conversion, Mater. Today Energy. 16 (2020) 100404. 

https://doi.org/10.1016/j.mtener.2020.100404. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240529213 Volume 6, Issue 5, September-October 2024 5 

 

6. B. Singh, A.K. Patel, A. Indra, Introduction of high valent Mo6+ in Prussian blue analog derived Co-

layered double hydroxide nanosheets for improved water splitting, Mater. Today Chem. 25 (2022) 

100930. https://doi.org/10.1016/j.mtchem.2022.100930. 

7. B. Singh, A.K. Patel, A. Indra, Introduction of high valent Mo6+ in Prussian blue analog derived Co-

layered double hydroxide nanosheets for improved water splitting, Mater. Today Chem. 25 (2022) 1–

24. https://doi.org/10.1016/j.mtchem.2022.100930. 

8. H.S. Chavan, C.H. Lee, A.I. Inamdar, J. Han, S. Park, S. Cho, N.K. Shreshta, S.U. Lee, B. Hou, H. Im, 

H. Kim, Designing and Tuning the Electronic Structure of Nickel-Vanadium Layered Double 

Hydroxides for Highly Efficient Oxygen Evolution Electrocatalysis, ACS Catal. 12 (2022) 3821–3831. 

https://doi.org/10.1021/acscatal.1c05813. 

9. B. Singh, A. Indra, Tuning the properties of CoFe-layered double hydroxide by vanadium substitution 

for improved water splitting activity, Dalt. Trans. 50 (2021) 2359–2363. 

https://doi.org/10.1039/d0dt04306k. 

10. B. Singh, A. Indra, Surface and interface engineering in transition metal–based catalysts for 

electrochemical water oxidation, Mater. Today Chem. 16 (2020) 100239. 

https://doi.org/10.1016/j.mtchem.2019.100239. 

11. D. Wang, Q. Li, C. Han, Q. Lu, Z. Xing, X. Yang, Atomic and electronic modulation of self-supported 

nickel-vanadium layered double hydroxide to accelerate water splitting kinetics, Nat. Commun. 10 

(2019) 1–12. https://doi.org/10.1038/s41467-019-11765-x. 

12. F. Lyu, Q. Wang, S.M. Choi, Y. Yin, Noble-Metal-Free Electrocatalysts for Oxygen Evolution, Small. 

15 (2019) 1–17. https://doi.org/10.1002/smll.201804201. 

13. S. Dutta, A. Indra, Y. Feng, T. Song, U. Paik, Self-supported nickel iron layered double hydroxide-

nickel selenide electrocatalyst for superior water splitting activity, ACS Appl. Mater. Interfaces. 9 

(2017) 33766–33774. https://doi.org/10.1021/acsami.7b07984. 

14. A. Indra, U. Paik, T. Song, Boosting Electrochemical Water Oxidation with Metal Hydroxide 

Carbonate Templated Prussian Blue Analogues, Angew. Chemie - Int. Ed. 57 (2018) 1241–1245. 

https://doi.org/10.1002/anie.201710809. 

15. M. Asnavandi, Y. Yin, Y. Li, C. Sun, C. Zhao, Promoting Oxygen Evolution Reactions through 

Introduction of Oxygen Vacancies to Benchmark NiFe-OOH Catalysts, ACS Energy Lett. 3 (2018) 

1515–1520. https://doi.org/10.1021/acsenergylett.8b00696. 

16. H. Su, X. Zhao, W. Cheng, H. Zhang, Y. Li, W. Zhou, M. Liu, Q. Liu, Hetero-N-Coordinated Co Single 

Sites with High Turnover Frequency for Efficient Electrocatalytic Oxygen Evolution in an Acidic 

Medium, ACS Energy Lett. 4 (2019) 1816–1822. https://doi.org/10.1021/acsenergylett.9b01129. 

17. X. Bie, K. Kubota, T. Hosaka, K. Chihara, S. Komaba, Synthesis and electrochemical properties of 

Na-rich Prussian blue analogues containing Mn, Fe, Co, and Fe for Na-ion batteries, J. Power Sources. 

378 (2018) 322–330. https://doi.org/10.1016/j.jpowsour.2017.12.052. 

18. D.B. Brown, D.F. Shriver, Structures and solid-state reactions of prussian blue analogs containing 

chromium, manganese, iron, and cobalt, Inorg. Chem. 8 (1969) 37–42. 

https://doi.org/10.1021/ic50071a009. 

19. Advanced Energy Materials - 2020 - Cui - High‐Entropy Metal Sulfide Nanoparticles Promise High‐

Performance Oxygen Evolution.pdf, (n.d.). 

20. M. Cui, C. Yang, B. Li, Q. Dong, M. Wu, S. Hwang, H. Xie, X. Wang, G. Wang, L. Hu, High-Entropy 

Metal Sulfide Nanoparticles Promise High-Performance Oxygen Evolution Reaction, Adv. Energy 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240529213 Volume 6, Issue 5, September-October 2024 6 

 

Mater. 11 (2021) 1–8. https://doi.org/10.1002/aenm.202002887. 

21. D. Zhao, Y. Lu, D. Ma, Effects of structure and constituent of prussian blue analogs on their application 

in oxygen evolution reaction, Molecules. 25 (2020). https://doi.org/10.3390/molecules25102304. 

22. J. Wang, B. Wang, X. Liu, J. Bai, H. Wang, G. Wang, Prussian blue analogs (PBA) derived porous 

bimetal (Mn, Fe) selenide with carbon nanotubes as anode materials for sodium and potassium ion 

batteries, Chem. Eng. J. 382 (2020) 123050. https://doi.org/10.1016/j.cej.2019.123050. 

23. F. Song, X. Hu, Exfoliation of layered double hydroxides for enhanced oxygen evolution catalysis, 

Nat. Commun. 5 (2014) 1–9. https://doi.org/10.1038/ncomms5477. 

24. J. Mohammed-ibrahim, H. Moussab, Tuning the electronic structure of the earth-abundant 

electrocatalysts for oxygen evolution reaction (OER) to achieve efficient alkaline water splitting – A 

review, J. Energy Chem. 56 (2021) 299–342. https://doi.org/10.1016/j.jechem.2020.08.001. 

25. F. Dionigi, P. Strasser, NiFe-Based (Oxy)hydroxide Catalysts for Oxygen Evolution Reaction in Non-

Acidic Electrolytes, Adv. Energy Mater. 6 (2016). https://doi.org/10.1002/aenm.201600621. 

26. J. Yu, Q. Li, Y. Li, C.Y. Xu, L. Zhen, V.P. Dravid, J. Wu, Ternary Metal Phosphide with Triple-Layered 

Structure as a Low-Cost and Efficient Electrocatalyst for Bifunctional Water Splitting, Adv. Funct. 

Mater. 26 (2016) 7644–7651. https://doi.org/10.1002/adfm.201603727. 

27. H. Sun, Y. Zhu, W. Jung, J. Wang, X. Qian, H. Kong, molecules Tuning Reconstruction Level of 

Precatalysts to Design Advanced Oxygen Evolution Electrocatalysts, (2021). 

https://doi.org/10.3390/molecules26185476. 

28. X. Cui, Z. Chen, Z. Wang, M. Chen, X. Guo, Z. Zhao, Tuning Sulfur Doping for Bifunctional 

Electrocatalyst with Selectivity between Oxygen and Hydrogen Evolution, ACS Appl. Energy Mater. 

1 (2018) 5822–5829. https://doi.org/10.1021/acsaem.8b01186. 

29. Q. Jia, F. Su, Z. Li, X. Huang, L. He, M. Wang, Z. Zhang, S. Fang, N. Zhou, Tunable Hollow Bimetallic 

MnFe Prussian Blue Analogue as the Targeted pH-Responsive Delivery System for Anticancer Drugs, 

ACS Appl. Bio Mater. 2 (2019) 2143–2154. https://doi.org/10.1021/acsabm.9b00129. 

30. J. Wang, L. Gan, W. Zhang, Y. Peng, H. Yu, Q. Yan, X. Xia, X. Wang, In situ formation of molecular 

Ni-Fe active sites on heteroatom-doped graphene as a heterogeneous electrocatalyst toward oxygen 

evolution, Sci. Adv. 4 (2018) 1–9. https://doi.org/10.1126/sciadv.aap7970. 

31. T. Wu, S. Zhang, K. Bu, W. Zhao, Q. Bi, T. Lin, J. Huang, Y. Li, F. Huang, Nickel nitride-black 

phosphorus heterostructure nanosheets for boosting the electrocatalytic activity towards the oxygen 

evolution reaction, J. Mater. Chem. A. 7 (2019) 22063–22069. https://doi.org/10.1039/c9ta07962a. 

32. R. Yadav, N.K. Singh, Electrocatalytic activity of NixFe3-xO4 (0 ≤ x ≤ 1.5) film electrode for oxygen 

evolution in KOH solutions, Indian J. Chem. Technol. 25 (2018) 189–195. 

33. J. Huang, J. Chen, T. Yao, J. He, S. Jiang, Z. Sun, Q. Liu, W. Cheng, F. Hu, Y. Jiang, Z. Pan, S. Wei, 

CoOOH Nanosheets with High Mass Activity for Water Oxidation, Angew. Chemie - Int. Ed. 54 (2015) 

8722–8727. https://doi.org/10.1002/anie.201502836. 

34. Electrochemical Growth of Diverse Iron Oxide (Fe3O4, α-FeOOH  and γ-FeOOH) Thin Films by 

Electrodeposition Potential Tuning.pdf, (n.d.). 

35. S. Anantharaj, S.R. Ede, K. Karthick, S. Sam Sankar, K. Sangeetha, P.E. Karthik, S. Kundu, Precision 

and correctness in the evaluation of electrocatalytic water splitting: Revisiting activity parameters with 

a critical assessment, Energy Environ. Sci. 11 (2018) 744–771. https://doi.org/10.1039/c7ee03457a. 

36. Y. Wu, H. Wang, S. Ji, X. Tian, G. Li, X. Wang, R. Wang, Ultrastable NiFeOOH/NiFe/Ni 

electrocatalysts prepared by in-situ electro-oxidation for oxygen evolution reaction at large current 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240529213 Volume 6, Issue 5, September-October 2024 7 

 

density, Appl. Surf. Sci. 564 (2021) 150440. https://doi.org/10.1016/j.apsusc.2021.150440. 

37. X. Xu, X. Yu, K. Guo, L. Dong, X. Miao, Alkaline Media Regulated NiFe-LDH-Based Nickel–Iron 

Phosphides toward Robust Overall Water Splitting, Catalysts. 13 (2023). 

https://doi.org/10.3390/catal13010198. 

38. B. Zhang, X. Zheng, O. Voznyy, R. Comin, M. Bajdich, M. García-Melchor, L. Han, J. Xu, M. Liu, L. 

Zheng, F.P.G. De Arquer, C.T. Dinh, F. Fan, M. Yuan, E. Yassitepe, N. Chen, T. Regier, P. Liu, Y. Li, 

P. De Luna, A. Janmohamed, H.L. Xin, H. Yang, A. Vojvodic, E.H. Sargent, Homogeneously dispersed 

multimetal oxygen-evolving catalysts, Science (80-. ). 352 (2016) 333–337. 

https://doi.org/10.1126/science.aaf1525. 

39. P.W. Menezes, A. Indra, P. Littlewood, M. Schwarze, C. Göbel, R. Schomäcker, M. Driess, 

Nanostructured manganese oxides as highly active water oxidation catalysts: A boost from manganese 

precursor chemistry, ChemSusChem. 7 (2014) 2202–2211. https://doi.org/10.1002/cssc.201402169. 

40. R. Gao, J. Zhu, D. Yan, Transition metal-based layered double hydroxides for photo(electro)chemical 

water splitting: A mini review, Nanoscale. 13 (2021) 13593–13603. 

https://doi.org/10.1039/d1nr03409j. 

41. Y.F. Yuan, X.H. Xia, J.B. Wu, J.L. Yang, Y.B. Chen, S.Y. Guo, Nickel foam-supported porous 

Ni(OH)2/NiOOH composite film as advanced pseudocapacitor material, Electrochim. Acta. 56 (2011) 

2627–2632. https://doi.org/10.1016/j.electacta.2010.12.001. 

42. X. Long, Z. Wang, S. Xiao, Y. An, S. Yang, Transition metal based layered double hydroxides tailored 

for energy conversion and storage, Mater. Today. 19 (2016) 213–226. 

https://doi.org/10.1016/j.mattod.2015.10.006. 

43. L.M. Cao, D. Lu, D.C. Zhong, T.B. Lu, Prussian blue analogues and their derived nanomaterials for 

electrocatalytic water splitting, Coord. Chem. Rev. 407 (2020) 213156. 

https://doi.org/10.1016/j.ccr.2019.213156. 

44. P.W. Menezes, A. Indra, A. Bergmann, P. Chernev, C. Walter, H. Dau, P. Strasser, M. Driess, 

Uncovering the prominent role of metal ions in octahedral: Versus tetrahedral sites of cobalt-zinc oxide 

catalysts for efficient oxidation of water, J. Mater. Chem. A. 4 (2016) 10014–10022. 

https://doi.org/10.1039/c6ta03644a. 

45. J. Liu, P. Ding, Z. Zhu, W. Du, X. Xu, J. Hu, Y. Zhou, H. Zeng, Engineering Self-Reconstruction via 

Flexible Components in Layered Double Hydroxides for Superior-Evolving Performance, Small. 17 

(2021) 1–8. https://doi.org/10.1002/smll.202101671. 

46. R. Guo, Y. Chen, L. chao Nengzi, L. Meng, Q. Song, J. Gou, X. Cheng, In situ preparation of carbon-

based Cu-Fe oxide nanoparticles from CuFe Prussian blue analogues for the photo-assisted 

heterogeneous peroxymonosulfate activation process to remove lomefloxacin, Chem. Eng. J. 398 

(2020) 125556. https://doi.org/10.1016/j.cej.2020.125556. 

47. X. Tian, Y. Liu, D. Xiao, J. Sun, Ultrafast and large scale preparation of superior catalyst for oxygen 

evolution reaction, J. Power Sources. 365 (2017) 320–326. 

https://doi.org/10.1016/j.jpowsour.2017.08.099. 

48. M. Kang, Z. Li, M. Hu, O. Oderinde, B. Hu, L. He, M. Wang, G. Fu, Z. Zhang, M. Du, Bimetallic 

MnCo oxide nanohybrids prepared from Prussian blue analogue for application as impedimetric 

aptasensor carrier to detect myoglobin, Chem. Eng. J. 395 (2020) 125117. 

https://doi.org/10.1016/j.cej.2020.125117. 

49. B. Singh, A. Yadav, A. Indra, Realizing electrochemical transformation of a metal-organic framework 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240529213 Volume 6, Issue 5, September-October 2024 8 

 

precatalyst into a metal hydroxide-oxy(hydroxide) active catalyst during alkaline water oxidation, J. 

Mater. Chem. A. 10 (2022) 3843–3868. https://doi.org/10.1039/d1ta09424f. 

50. B. Singh, A. Singh, A. Yadav, A. Indra, Modulating electronic structure of metal-organic framework 

derived catalysts for electrochemical water oxidation, Coord. Chem. Rev. 447 (2021) 214144. 

https://doi.org/10.1016/j.ccr.2021.214144. 

51. M. Mathankumar, S. Anantharaj, A.K. Nandakumar, S. Kundu, B. Subramanian, Potentiostatic phase 

formation of β-CoOOH on pulsed laser deposited biphasic cobalt oxide thin film for enhanced oxygen 

evolution, J. Mater. Chem. A. 5 (2017) 23053–23066. https://doi.org/10.1039/c7ta07410g. 

52. S. Zhao, R. Jin, H. Abroshan, C. Zeng, H. Zhang, S.D. House, E. Gottlieb, H.J. Kim, J.C. Yang, R. Jin,  

Gold Nanoclusters Promote Electrocatalytic Water Oxidation at the Nanocluster/CoSe 2 Interface , J. 

Am. Chem. Soc. 139 (2017) 1077–1080. https://doi.org/10.1021/jacs.6b12529. 

53. A.K. Singh, S. Ji, B. Singh, C. Das, H. Choi, P.W. Menezes, A. Indra, Alkaline oxygen evolution: 

exploring synergy between fcc and hcp cobalt nanoparticles entrapped in N-doped graphene, Mater. 

Today Chem. 23 (2022) 1–27. https://doi.org/10.1016/j.mtchem.2021.100668. 

54. M. Xu, M. Wei, Layered Double Hydroxide-Based Catalysts: Recent Advances in Preparation, 

Structure, and Applications, Adv. Funct. Mater. 28 (2018) 1–20. 

https://doi.org/10.1002/adfm.201802943. 

55. W. Ahn, M.G. Park, D.U. Lee, M.H. Seo, G. Jiang, Z.P. Cano, F.M. Hassan, Z. Chen, Hollow Multivoid 

Nanocuboids Derived from Ternary Ni–Co–Fe Prussian Blue Analog for Dual-Electrocatalysis of 

Oxygen and Hydrogen Evolution Reactions, Adv. Funct. Mater. 28 (2018) 1–11. 

https://doi.org/10.1002/adfm.201802129. 

 

https://www.ijfmr.com/

