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SELECTED RESEARCH HIGHLIGHTS 

I am currently a Professor of Materials Physics and hold a prestigious Royal Society Fellowship. The main 
scope of his research is the novel synthesis and construction of application-oriented devices based on two-
dimensional (2D) crystals and their modifications. To a large extent, I am actively pursuing this modification 



of native 2D crystals and synthesized novel 2D materials, in order to explore new physical phenomena. A 
few selected research highlights are listed below.   

Graphene Optics: My work demonstrated that absorption of visible light by graphene is governed by 
fundamental physical constants: graphene absorbs 2.3% of light, which corresponds to just  times the fine 
structure constant (Nair et al. Science 320, 1308, 2008). 

Graphene Chemistry: I successfully synthesised and studied different physical and chemical properties of 
new graphene-based chemical derivatives, mainly hydrogenated (graphane, Elias & Nair et al. Science, 323, 
610, 2009) and fluorinated graphene (fluorographene, Nair et al. Small, 6, 2877, 2010).  

Atomic Structure of Graphene: I have contributed substantially to the investigation of the structural 
properties of free-standing graphene by using high resolution transmission electron microscopy and electron 
diffraction techniques. We have managed to obtain the first direct (i.e. real-space) visualisation of the atomic 
structure of graphene (Gass et al. Nature Nanotechnology, 3, 676, 2008). 

Magnetic properties: In its pristine state, graphene exhibits no sign of conventional magnetism. Yet, we 
found that when introducing defects in the graphene lattice (through ion bombardment or by chemical 
functionalisation with other nonmagnetic atoms like fluorine), graphene became magnetic (Nair et al. Nature 
Phys., 8, 199, 2012). We additionally demonstrated that controlled molecular doping of graphene leads to 
this defect-induced magnetism becoming tunable (Nair et al. Nature Commun. 4, 2010, 2013).  

Superpermeable graphene membranes: Another exciting discovery in my research was the observation of 
superpermeable water flow through helium leak-tight graphene based membranes. We have found that 
membranes made from graphene oxide, a chemical derivative of graphene, are impermeable to all gases and 
liquids. However, water permeates through them as quickly as if the membranes were not there at all. This 
work also attracted significant attention by media; including articles in scientific magazines (Nair et al. 
Science, 335, 442, 2012). I continued this controlled and scalable fabrication of graphene based membranes 
and as of now, it led to securing more than £7M research grant with the collaboration with large industrial 
companies (DSTL, Lockheed Martin, Bluestone Global Tech., amongst others). These collaborative efforts 
lead to another ground breaking research on graphene oxide membranes. My work demonstrates that vacuum 
tight graphene oxide membranes act as a molecular sieve, blocking all solutes with hydrated radii larger than 
4.5 angstroms if immersed in water (Joshi et al. Science, 343, 752, 2014).  

Graphene based barrier films: Our research demonstrates that it is possible to tightly close the 
superpermeable nanocapillaries in the graphene oxide membranes by using simple chemical treatments, 
which makes graphene films even stronger mechanically as well as completely impermeable to everything: 
gases, liquids or strong chemicals. For example, we demonstrate that glassware or copper plates covered 
with graphene paint can be used as containers for strongly corrosive acids (Su et al. Nature Commun.5, 
4843, 2014). 

Superconductivity in Graphene: Our research shows that graphene laminates doped with calcium exhibit 
robust superconductivity with a transition temperature governed by the electron transfer from the metal to 
graphene and by the Ca-layer confinement (J. Chapman et al. Scientific Reports 6, 23254, 2016).  

Van der Waals pressure: Molecules trapped between the layers of two-dimensional materials are thought to 
experience high pressure. Our research report measurements of this interfacial pressure by capturing 
pressure-sensitive molecules and studying their structural changes, and show that it can also induce novel 
chemical reaction (Vasu et al. Nature Commun. 7, 12168, 2016). 

Tunable ion sieving: Our latest research demonstrates that ion permeation and selectivity of graphene oxide 
membranes with sub-nm channels dramatically alters with the change in interlayer distance due to 
dehydration effects whereas permeation of water molecules remains largely unaffected. Our work shows a 
possible route to production of GO membranes with controllable interlayer spacing for desalination 
applications. (J. Abraham et al. Nature Nanotechnology 2017)    
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