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There have been attempts at developing photocatalysts for water splitting. However, 

due to stringent requirements such as thermodynamic potential, bandgap and stability against 

photocorrosion, the number of reliable photocatalysts suitable for efficient water splitting is 

limited. For example, most of the conventional photocatalysts are ultra violet (UV)-light 

responsive, and they are typically unstable when coming into contact with electrolytes. Also, 

UV light accounts only 3-4% of available solar radiation energy, making such photocatalysts 

inefficient. Moreover, the conventional photocatalysts are mainly spherical nanoparticles or 

micropowders which have somewhat limited chemical reactivity, light scattering, surface area, 

light absorption spectrum and recombination suppression properties. 

 

Thus, there exists a need to provide a photocatalyst for water splitting that seeks to 

combine electronic, optical and corrosion properties. 

 

SUMMARY 

 

There is provided a photocatalyst for water splitting, the photocatalyst comprising a 

nanocrystalline structure having a selected specific surface area and volume fraction of atoms 

located both on the surface and at the grain boundaries to provide an increase in the surface 

energy for enhancement of a photocatalytic reaction relative to spherical nanoparticles and/or 

zero-dimensional nanoparticles. 

 

In accordance with a first aspect, there is provided a photocatalyst for water splitting 

comprising a nanocrystalline structure that is selected from the group consisting of  

a structure comprising one or more one-dimensional nanowires,  

a lamellar structure comprising two-dimensional nanosheets, and 

a structure comprising a three-dimensional gyroid structure, and 

wherein the photocatalyst has a H2 production capability of greater than 250µmolh-1g-1. 

 

The selected nanocrystalline structure excludes spherical nanoparticles and zero-

dimensional nanoparticles. 

 

The photocatalyst may comprise a structure selected from the group consisting of  

a structure comprising one or more one-dimensional nanowires,  

a lamellar structure comprising two-dimensional nanosheets, and  

a structure comprising a three-dimensional gyroid structure.   
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The photocatalyst may have a specific surface area of greater than 70 m2/g, a pore 

volume of greater than 0.04 cm3/g, and a H2 production capability of greater than 250 µmolh-

1g-1. 

 

The photocatalyst may exhibit an improvement in light absorption of at least 40% over 

spherical nanoparticles and/or zero-dimensional nanoparticles and an improvement in 

photocatalytic performance of at least 2 times over spherical nanoparticles and/or zero-

dimensional nanoparticles. 

 

The photocatalyst may comprise a structure having a larger specific surface area and 

a higher volume fraction of atoms located both on the surface and at the grain boundaries 

compared to a spherical nanoparticle. Spherical nanoparticle photocatalysts and/or zero-

dimensional nanoparticle photocatalysts have a specific surface area of 50 m2/g to 70 m2/g. 

The photocatalysts of the present invention may have a specific surface area of at least about 

80 m2/g. 

 

In one example, the structure comprises one or more one-dimensional nanowires, 

wherein the structure may comprise a plurality of one-dimensional nanowires. The one-

dimensional nanowires may have a specific surface area of at least about 80 m2/g. In one 

embodiment, the one-dimensional nanowires may have a specific surface area of about 80 

m2/g to about 150 m2/g. 

 

Functionalized nanoparticles may be disposed on the one-dimensional nanowires. 

 

Functionalized branches may be disposed on the one-dimensional nanowires. 

 

In another example, the structure comprises a lamellar structure comprising two-

dimensional nanosheets, wherein the lamellar structure may comprise two-dimensional 

nanosheets intercalated with nanoparticles or nanorods. The two-dimensional nanosheet 

lamellar structure may have a specific surface area of at least about 150 m2/g. In one 

embodiment, the two-dimensional nanosheet  
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lamellar structure may have a specific surface area of about 150 m2/g to about 280 m2/g. 

 

The nanosheets may comprise a metal oxide or graphene. 

In another example, the structure comprises a three-dimensional gyroid structure. The 

three-dimensional gyroid structure may have a specific surface area of at least about 250 

m2/g. In one embodiment, the three-dimensional gyroid structure may have a specific surface 

area of about 250 m2/g to about 500 m2/g. 

 

The photocatalyst may be further configured to receive a co-catalyst for enhancement 

of the photocatalytic reaction. 

 

The co-catalyst may comprise nanoparticles or nanorods. 

The co-catalyst may comprise a core-shell structure comprising a lanthanide/transition 

metal core and a metal oxide shell. The transition metal may comprise nickel (Ni), copper (Cu), 

molybdenum (Mo), silver (Ag), platinum (Pt), or gold (Au). Other transition metals are also 

contemplated. The lanthanide metal may comprise cerium (Ce), erbium (Er), or europium (Eu). 

Other lanthanide metals are also contemplated. 

 

There is also provided a method for fabricating a photocatalyst for water splitting, the 

method comprising the step of forming a nanocrystaliine structure having a selected specific 

surface area and volume fraction of atoms located both on the surface and at the grain 

boundaries to provide an increase in the surface energy for enhancement of a photocatalytic 

reaction relative to spherical nanoparticles and/or zero-dimensional nanoparticles. 

 

In accordance with a second aspect, there is provided a method for fabricating a 

nanocrystalline photocatalyst for water splitting, the method comprises forming a 

nanocrystalline structure that is selected from the group consisting of  

a structure comprising one or more one-dimensional nanowires,  

a lamellar structure comprising two-dimensional nanosheets, and 

a structure comprising a three-dimensional gyroid structure, and 

wherein the photocatalyst has a H2 production capability of greater than 250 µmolh-1g-1. 

 

The method may comprise forming a structure selected from the group consisting of  

a structure comprising one or more one-dimensional nanowires,  

a lamellar structure comprising two-dimensional nanosheets, and  
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a structure comprising a three-dimensional gyroid structure, 

 

and wherein the photocatalyst has a specific surface area of greater than 70 m2/g, has a pore 

volume of greater than 0.04 cm3/g, and has a H2 production capability of greater than 250 

µmolh-1g-1, 

 

thereby exhibiting an improvement in light absorption of at least 40% over spherical 

nanoparticles and/or zero-dimensional nanoparticles and an improvement in photocatalytic 

performance of at least 2 times over spherical nanoparticles and/or zero-dimensional 

nanoparticles. 

 

The method may comprise forming the structure having a larger specific surface area 

and/or a high volume fraction of atoms located both on the surface and at the grain boundaries 

of the photocatalyst compared to a spherical nanoparticle. 

 

In one example, the structure formed comprises one or more one-dimensional 

nanowires, and the method further comprises forming the structure comprising one or more 

one-dimensional nanowires to comprise a plurality of one-dimensional nanowires. 

 

The one-dimensional nanowires may be formed using a hydrothermal growth process. 

 

The method may further comprise disposing functionalized nanoparticles on the one-

dimensional nanowires. 

 

The method may further comprise disposing functionalized nanoparticles on the one-

dimensional nanowires, wherein the functionalized nanoparticles are disposed on the one-

dimensional nanowires by sputtering of a film and performing a dewetting process. 

 

The method may further comprise disposing functionalized branches on the one-

dimensional nanowires.  
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The method may further comprise disposing functionalized branches on the one-

dimensional nanowires, wherein the functionalized branches are disposed on the one-

dimensional nanowires by spin coating of colloidal nanoparticles and performing a 

hydrothermal growth process. 

 

In another example, the structure formed comprises a lamellar structure comprising 

two-dimensional nanosheets, and the method further comprises forming the lamellar structure 

to comprise a lamellar structure comprising two-dimensional nanosheets intercalated with 

nanoparticles or nanorods. 

 

The method may comprise forming the structure to comprise the lamellar structure 

defined above, wherein a precursor of the nanoparticles is set at about 90-100 °C for the 

intercalation with the nanoparticles, and wherein a concentration of about 5.5 mmol or greater 

of metal acetate dihydrate is provided for the intercalation with the nanorods. 

 

The nanosheets may comprise a metal oxide or graphene. 

 

The metal oxide nanosheet may be synthesized using a hydrothermal process to form 

a colloidal suspension, and the graphene nanosheet may be synthesized from graphite 

powder using the Hummers method to form a colloidal suspension. 

 

In another example, the structure formed comprises a three-dimensional gyroid 

structure. 

 

The gyroid structure may be formed by a process comprising mixing inorganic metal 

oxide precursors with a structure-directing agent. 

 

The method may further comprise adapting the photocatalyst to receive a co-catalyst 

for enhancement of the photocataiytic reaction. 

 

The co-catalyst may comprise nanoparticles or nanorods.  
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The co-catalyst may comprise a core-shell structure comprising a lanthanide/transition 

metal core and a metal oxide shell. 

 

The core-shell co-catalyst may be synthesized using precipitation and a hydrothermal 

process. 

 

In accordance with a third aspect, there is provided a water splitting method comprising 

using the photocatalyst as defined herein. 

 

DEFINITIONS 

 

Unless specified otherwise, the terms "comprising" and "comprise", and grammatical 

variants thereof, are intended to represent "open" or "inclusive" language such that they 

include recited elements but also permit inclusion of additional, un-recited elements. 

 

As used herein, the term "about", in the context of technical values such as technical 

values related to specific surface area, H2 production or H2 evolution, light absorption, pore 

size, and pore volume typically means +/- 5% of the stated value, more typically +/- 4% of the 

stated value, more typically +/- 3% of the stated value, more typically, +/- 2% of the stated 

value, even more typically +/- 1% of the stated value, even more typically +/- 0.5% of the 

stated value, and even more typically +/- 0% of the stated value. 

 

Throughout this disclosure, certain embodiments may be disclosed in a range format. 

It should be understood that the description in range format is merely for convenience and 

brevity and should not be construed as an inflexible limitation on the scope of the disclosed 

ranges. Accordingly, the description of a range should be considered to have specifically 

disclosed all the possible sub-ranges as well as individual numerical values within that range. 

For example, description of a range such as from 1 to 6 should be considered to have 

specifically disclosed sub-ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, 

from 2 to 6, from 3 to 6 etc., as well as 
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CLAIMS 

  

 1. A photocatalyst for water splitting comprising a nanocrystalline 

structure that is selected from the group consisting of  

a structure comprising one or more one-dimensional nanowires,  5 

a lamellar structure comprising two-dimensional nanosheets, and 

a structure comprising a three-dimensional gyroid structure, and 

wherein the photocatalyst has a H2 production capability of greater than 250 µmolh-

1g-1. 

 10 

2. The photocatalyst as claimed in claim 1, wherein the photocatalyst 

has a specific surface area of greater than 70 m2/g. 

 

3. The photocatalyst as claimed in any one of the preceding claims, 

wherein the photocatalyst has a pore volume of greater than 0.04 cm3/g. 15 

 

 4. The photocatalyst as claimed in any one of the preceding claims, 

wherein the structure comprises a plurality of one-dimensional nanowires. 

 

 5. The photocatalyst as claimed in claim 4, wherein functionalized 20 

nanoparticles are disposed on the one-dimensional nanowires. 

 

 6. The photocatalyst as claimed in claim 5, wherein functionalized 

branches are disposed on the one-dimensional nanowires. 

 25 

 7. The photocatalyst as claimed in any one of claims 1-3, wherein the 

structure comprises a lamellar structure comprising two-dimensional nanosheets 

intercalated with nanoparticles or nanorods. 

 

 8. The photocatalyst as claimed in claim 7, wherein the nanosheets 30 

comprise a metal oxide or graphene. 

  

 9. The photocatalyst as claimed in any one of claims 1-3, wherein the 

structure comprises a three-dimensional gyroid structure. 
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10. The photocatalyst as claimed in any one of the preceding claims, 

wherein the photocatalyst is further configured to receive a co-catalyst for 

enhancement of the photocatalytic reaction. 

 5 

11. The photocatalyst as claimed in claim 10, wherein the co-catalyst 

comprises nanoparticles or nanorods. 

 

 12. The photocatalyst as claimed in claim 10, wherein the co-catalyst 

comprises a core-shell structure comprising a lanthanide/transition metal core and a 10 

metal oxide shell. 

 

13. A method for fabricating a nanocrystalline photocatalyst for water 

splitting, the method comprises forming a nanocrystalline structure that is selected 

from the group consisting of  15 

a structure comprising one or more one-dimensional nanowires,  

a lamellar structure comprising two-dimensional nanosheets, and 

a structure comprising a three-dimensional gyroid structure, and 

 wherein the photocatalyst has a H2 production capability of greater than 250 µmolh-

1g-1. 20 

 

 14. The method as claimed in claim 13, wherein the photocatalyst has a 

specific surface area of greater than 70 m2/g. 

 

15. The method as claimed in claim 13 or 14, wherein the photocatalyst 25 

has a pore volume of greater than 0.04 cm3/g. 

 

 16. The method as claimed in any one of claims 13-15, wherein the 

structure formed comprises one or more one-dimensional nanowires, and wherein 

the method further comprises forming the structure comprising one or more one-30 

dimensional nanowires to comprise a plurality of one-dimensional nanowires. 

 

 17. The method as claimed in any one of claims 13-16, wherein the one-

dimensional nanowires are formed using a hydrothermal growth process. 
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 18. The method as claimed in any one of claims 13-17, further comprising 

disposing functionalized nanoparticles on the one-dimensional nanowires. 

 

 19. The method as claimed in any one of claims 13-18, wherein the 5 

functionalized nanoparticles are disposed on the one-dimensional nanowires by 

sputtering of a film and performing a dewetting process. 

 

 20. The method as claimed in any one of claims 13-19, further comprising 

disposing functionalized branches on the one-dimensional nanowires. 10 

 

 21. The method as claimed in in any one of claims 13-19, wherein the 

functionalized branches are disposed on the one-dimensional nanowires by spin 

coating of colloidal nanoparticles and performing a hydrothermal growth process. 

 15 

 22. The method as claimed in in any one of claims 13-15, wherein the 

structure formed comprises a lamellar structure comprising two-dimensional 

nanosheets, and wherein the method further comprises forming the lamellar 

structure to comprise a lamellar structure comprising two-dimensional nanosheets 

intercalated with nanoparticles or nanorods. 20 

 

 23. The method as claimed in claim 22, wherein a precursor of the 

nanoparticles is set at about 90-100 ºC for the intercalation with the nanoparticles, 

and wherein a concentration of about 5.5 mmol or greater of metal acetate dihydrate 

is provided for the intercalation with the nanorods. 25 

 

 24. The method as claimed in claim 22 or 23, wherein the nanosheets 

comprise a metal oxide or graphene. 

 

 25. The method as claimed in claim 24, wherein the metal oxide 30 

nanosheet is synthesized using a hydrothermal process to form a colloidal 

suspension, and wherein the graphene nanosheet is synthesized from graphite 

powder using the Hummers method to form a colloidal suspension.    
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 26. The method as claimed in in any one of claims 13-15, wherein the 

structure formed comprises a three-dimensional gyroid structure. 

 

 27. The method as claimed in claim 26, wherein the gyroid structure is 

formed by a process comprising mixing inorganic metal oxide precursors with a 5 

structure-directing agent.  

 

28. The method as claimed in any one of claims 13-27, further comprising 

adapting the photocatalyst to receive a co-catalyst for enhancement of the 

photocatalytic reaction. 10 

 

29. The method as claimed in claim 28, wherein the co-catalyst comprises 

nanoparticles or nanorods. 

 

 30. The method as claimed in claim 28, wherein the co-catalyst comprises 15 

a core-shell structure comprising a lanthanide/transition metal core and a metal 

oxide shell. 

 

 31. The method as claimed in claim 30, wherein the core-shell co-catalyst 

is synthesized using precipitation and a hydrothermal process. 20 

 

 32. A water splitting method comprising using the photocatalyst as 

claimed in any one of claims 1 -7. 
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