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Recently, the increasingly serious energy shortage and environmental pollution 
have aroused great attention around the world. Energy conversion and storage is 
perhaps one of the defining scientific challenges of our time. The development of 
environmentally friendly and clean fuels such as H2 and CH4 which are realistic 
substitutes for the traditional fossil fuels has been the subject of recent attention. 
Thus, it is a greatly scientific and societal challenge and an urgent need to store 
and use them efficiently as fuels with low cost and high safety. Environmental 
pollution caused by unreasonable use of fossil fuels and release or leak of toxic 
gases (such as benzene, NOx, SOx, CO, H2S, NH3, etc.) from various industries into 
the environment is another worldwide problem. Therefore, the effective sensing 
and adsorption removal of these harmful chemicals are very important both for 
environmental protection and for health issues.  
 
Porous materials have been widely used in energy and environmental fields due 
to their plentiful pore structures. Metal-organic frameworks (MOFs) are new kind 
of periodic porous materials through self-assembly of metal ions and organic 
“linker” groups, combining the properties of both organic and inorganic materials. 
One of the major drawbacks of these materials is their low hydrolytic stabilities, 
which precludes their use in real applications. We have recently discovered a new 
Technology that greatly increases the stability of MOFs and allows real-world 
applications, even under harsh conditions [1]. Such ultra-high stabilities are 
obtained by the incorporation of the highly hydrophobic carborane clusters into 
the MOF structures. The present research project deals with the further 
exploration of this new technology in Energy and Environmental applications.  
 
[1]   Gan, L. et al. A Highly Water-Stable meta-Carborane-Based Copper Metal–Organic 

Framework for Efficient High-Temperature Butanol Separation. J. Am. Chem. Soc. 142, 
8299–8311 (2020). 
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The main objective of the present work is to further study the properties of MOFs 
that incorporate carborane based linkers for environmental and energy 
applications. These MOFs, already prepared by our group, have so far been found 
potentially useful for biofuel [1] and gas separation, toxic phosphorous 
compounds’ capture from water [2], and more recently as porous electrode 
materials for supercapacitors [3]. 
 
The student will have the opportunity of working in a multidisciplinary team, 
which bridges the nanotechnology and material science, using chemistry as the 
synthetic tool. The student will synthesize the carborane linkers and the 
corresponding MOFs, following stablished procedures from our group. Those will 
be prepared by solvothermal methods and fully characterized. During this first 
step, the student will learn a very wide range of techniques, such as e.g., IR, NMR, 
UV-vis, powder and single crystal X-ray diffraction, SEM, TEM, TGA, gas sorption, 
etc. Applications to be tested will include the exploration in separation of mixtures 
of noble gases, the use of MOFs as nanoreactors for catalysis or as electrode 
materials for supercapacitors. For this later application, MOFs with electrical 
conductivity using “non-innocent” guest molecules will need to be synthesized. 
 
Basic organic/inorganic synthetic skills are required. Experience in electrochemistry is 
also desirable. 
 
[2] L. Gan, PhD Thesis, Design, Synthesis and Applications of V-shaped Polycarboxylate meta–

Carborane-Based Metal-Organic Frameworks, september 2020. 
[3] Z. Li, J. Fraile, C. Viñas, F. Teixidor, J. G. Planas, Submitted, 2020. 
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