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The ‘graphene rush’ that started almost a decade ago is far from over. The dazzling properties of graphene have long warranted a number of applications in various domains of science and technology.
Harnessing the exceptional properties of graphene for practical applications however has proved to be a massive task. Apart from the challenges associated with the large-scale production of the
material, the intrinsic zero band gap, the inherently low reactivity and solubility of pristine graphene preclude its use in several high- as well as low-end applications. One of the potential solutions to
these problems is the surface functionalization of graphene using organic building blocks. The ‘surface-only’ nature of graphene allows the manipulation of its properties not only by covalent chemical
modification but also via non-covalent interactions with organic molecules. Significant amount of research efforts have been directed towards the development of functionalization protocols for
modifying the structural, electronic, and chemical properties of graphene. Here we present an overview of different experimental strategies aimed at achieving nanostructured
functionalization/chemical patterning of graphite/graphene substrates using covalent functionalization protocols.

Covalent	Modification	using	Diazonium	Chemistry
Electrochemical	(EC)	activation
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Concentration	dependent	covalent	modification	of	graphite	using	diazonium	chemistry.	(a-d)	NBD	and	(e-h)	
TBD.	It	can	be	readily	noticed	from	this	STM	data	that	efficiency	of	covalent	modification	is	superior	for	TBD

Tip-induced de-grafting of covalently modified
HOPG. Raman maps show that Upon de-grafting
the surface reverts back to pristine graphene.

Covalent	Modification	using	Self-Limiting	Diazonium	Chemistry
Chemical	activation
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Layer	thickness	~ 1	nm

Ascorbic	acid	mediated	diazonium	chemistry	provides	a	fast,	simple	and	efficient	way	of	covalent	functionalization	of	HOPG	where the	highly	
dense	covalent	monolayers	with	thickness	less	than	1	nm	could	be	formed	from	a	number	of different	diazonium	salts.
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Covalent	Chemical	Patterning	using	Diazonium	Chemistry	from	Micro- to	Nanometer	scale
……..and	from	monocomponent	to	multicomponent

+

Fairy	circles	in	the	Namibian	desert	(left,	diameter	2-10	m)	
and	those	on	HOPG	surface	(right,	diameter	45-130	nm	)	
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Polystyrene	beads Transfer	of	beads

Nanoimprint	chemical	patterning

Use	of	self-assembled	monolayers	as	templates	for	chemical	patterning

From	linear	templates……

…..to	porous	hexagonal	templates
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a)

Multicomponent	covalent	chemical	patterning	of	single	layer	graphene

Rodríguez	González	et	al.	ACS	Nano,	2021, 15,	10618

Chemical	mapping	of	bifunctional	graphene	surface	using	AFM-IR	

Raman	map ID/IG values AFM
Layer	thickness	~ 1	nm
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