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Abstract

This article summarizes the role of nanomaterials in H2 production. H2 is a clean fuel which faces many hurdles starting from 
production upto the final application. Among the various available methods for H2 production, this piece of work focuses on 
photoactive based methods of applying nanomaterials to improve the production rate. Nanomaterials of different structures including 
0-D, 1-D and 2-D materials such as quantum dots, nanocrystals, nanorods, core-shell nano structures and nano-rust are employed in 
this process. Designing of biologically inspired nanostructures and mimicked nanostructures, so called ‘nano-reactors’ and ‘champion 
nanostructures’ produces H2 upto a comparable limit with the natural sources. Future research work in designing these fundamental 
structures for large scale H2 production is also reviewed. 
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Introduction
Hydrogen is a clean alternative fuel source and its consumption 

reaches 53 million metric tons per year [1]. Hydrogen production 
technologies fall under 3 main categories, namely thermal 
process, electrolytic process and photolytic process. There are 
many methods to produce hydrogen including steam reforming, 
plasma reforming, partial oxidation of fossil fuels, electrolysis, 
thermolysis, photocatalytic water splitting etc. Nanomaterials 
play a major role in enhancing the efficiency of H2 production 
[2]. The inclusion of nanomaterials show improved efficiency of 
90 % in steam reforming method compared with the conventional 
method producing only 73.8 % [3, 4]. Major hurdles faced in 
H2 production technology is Hydrogen quality, Production 
cost, Regulatory issues and Safety & control. Solar energy is 
the cleanest way to produce H2 which is a one-step process. 
photocatalytic H2 production requires materials with high 
durability and efficiency. Nanomaterials are able to meet both 
the above criteria. Nanocrystals introduce disorder in the surface 
of the photocatalysts thereby enhancing the efficiency [5]. The 
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interfacial charge transfer which greatly affects the photoefficiency 
was controlled by employing parallel nano-twin structures which 
introduce back to back potential facilitating improved charge 
separation [6]. Nitride nanocrystals acts as a promising catalytic 
material for PEMFCs (poly electrolyte membrane fuel cells) 
inducing fast kinetic of the oxygen reduction reaction on the 
cathode which decreases the voltage losses in PEMFC [7]. In a 
recent advancement, Nanoreactor namely “P22-Hyd”, mimicking 
the virus ability to produce H2 was created for H2 production 
which can process at room temperature [8].

In another work, nano pulsed power module was designed for 
H2 production and it efficiency produced H2 to a desired limit 
[9]. Moreover, nanocrystals prepared by ionic liquid assisted 
hydrothermal method showed a better yield of H2, noticeably 
2-fold increase in production rate which was attributed to the 
porous structure and increased surface area of the nanocrystals 
[10]. Ten-fold increase in H2 producing efficiency was achieved 
with a photo cathode comprising of an array of gallium phosphide 
nanowires. The same gallium phosphide when used as flat surface 
instead of nanowires showed reduced efficiency [11]. In a most 
exciting system of H2 production using nano-photocatalyst 
comprising of quantum dots and platinum produced 3,60,000 
molecules of H2 per hour [12].
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Nanomaterial can replace expensive platinum in the process 
of H2 production. Similarly, nanoparticles of silicon contribute a 
major role in H2 production instantly [13]. An attempt for Large-
scale manufacturing of H2 was performed using nano-rust of iron. 
This champion structure having a 10×10 cm prototype can produce 
H2. The role of each nanostructure in charge transport property 
was studied with each colour of the nano cauliflowers representing 
different crystal orientation [14]. H2 production using the above 
structure was depicted in figure 3. 

•	 The future research is on designing catalysts for producing 
H2 at low temperatures which will be suitable for on-

scale applications like fuelling marine vehicles and low 
temperature motors. 

•	 Improved catalyst tolerance for impurities to promote the 
quality of H2.

•	 Design of novel architecture for large scale H2 production.
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Figure 1: Nanoreactor for H2 production [8].

Figure 2: Nano- photocatalyst for H2 production composed of quantum dot (green) embedded in nano-rod (yellow) with platinum 
(purple) [12].

Figure 3: H2 production with Nano-rust [14].



11

Kenk Nanotec Nanosci 2: 9-11 (2016)

  2.	Samuel S. Mao, ShaohuaShen and LiejinGuo (2012) 
Nanomaterials for renewable hydrogen production, storage and 
utilization, Progress in Natural Science: Materials International, 
22: 522–534. 

  3.	JordiLlorca, Narcı́s Homs, Joaquim Sales, PilarRamı́rez de 
la Piscina (2002) Efficient Production of Hydrogen over 
Supported Cobalt Catalysts from Ethanol Steam Reforming, 
Journal of Catalysis, 209: 306–317. 

  4.	Gabriella Garbarino, Paola Riani, Mattia Alberto Lucchini, 
Fabio Canepa, ShrikantKawale, Guido Busca (2013) Cobalt-
based nanoparticles as catalysts for low temperature hydrogen 
production by ethanol steam reforming, International Journal 
of Hydrogen Energy, 38: 82–91. 

  5.	X. Chen, L. Liu, P.Y. Yu, S.S. Mao (2011) Increasing solar 
absorption for photocatalysis with black hydrogenated titanium 
dioxide nanocrystals, Science, 331: 746–750. 

  6.	M. Liu, L. Wang, G. Lu, X. Yao, L. Guo (2011) Twins in 
Cd1−xZnxS solid solution: Highly efficient photocatalyst for 
hydrogen generation from water, Energy and Environmental 
Science, 4: 1372–1378. 

  7.	H. Zhong, X. Chen, H. Zhang, M. Wang, S.S. Mao (2007) 
Proton exchange membrane fuel cells with chromium nitride 
nanocrystals as electrocatalysts, Applied Physics Letters, 91: 
163-164. 

  8.	Paul C. Jordan, Dustin P Patterson, Kendall N. Saboda, Dustin 

P Patterson (2015) Self-assembling biomolecular catalysts for 
hydrogen production, Article  in  Nature Chemistry 8. 

  9.	Dharmaraj C.H, AdishKumar S (2012) Economical hydrogen 
production by electrolysis using nano pulsed DC, International 
Journal of Energy and Environment (IJEE), 3: 129-136.

10.	T. N. Ravishankar,M. de Oliveira Vaz, S. Khan, T. 
Ramakrishnappa, S. R. Teixeira,Geetha R. Balakrishna,G. 
Nagaraju, J. Dupont (2016) Enhanced photocatalytic hydrogen 
production from Y2O3/TiO2 nano-composites: a comparative 
study on hydrothermal synthesis with and without an ionic 
liquid, New J. Chem., 40: 3578-3587. 

11.	Standing A, Assali S, Gao L, Verheijen MA, van Dam D, Cui Y, 
Notten PH, Haverkort JE, Bakkers EP (2015) Efficient water 
reduction with gallium phosphide nanowires, Nat Commun. 
17: 7824.

12.	Philip Kalisman, YifatNakibli, Lilac Amirav (2016) Perfect 
Photon-to-Hydrogen Conversion Efficiency, Schulich Faculty 
of Chemistry, Technion−Israel Institute of Technology, Haifa 
32000, Israel, Nano Lett., 16: 1776–1781. 

13.	FolarinErogbogbo, Tao Lin, Phillip M. Tucciarone, Krystal 
M. LaJoie, Larry Lai, et al., (2013) Swihart, On-Demand 
Hydrogen Generation using Nanosilicon: Splitting Water 
without Light, Heat, or Electricity, Nano Lett., 13: 451–456. 

14.	https://actu.epfl .ch/news/champion-nano-rust-for-
producing-solar-hydrogen/


	Title
	Corresponding Author
	Abstract
	Introduction
	Figure 1
	Figure 2
	Figure 3
	References

