
Pyrrolidine-functionalized fluorine-containing
graphene sheets †

Jing Dai, Yongjun Li,* Zhong Huang and Xiaoyu Huang*

A method to prepare high-quality pyrrolidine-functionalized fluorine-containing single- or few-layer

graphene sheets was presented. Natural graphite powder was firstly treated with sarcosine and penta-

fluorobenzaldehyde in ortho -dichlorobenzene (ODCB) via 1,3-dipolar cycloaddition to a�ord surface-

modified graphite. This surface-functionalized graphite was successively dispersed and exfoliated in

various solvents by bath sonication and a stable homogeneous dispersion of pyrrolidine-functionalized

graphene sheets was obtained after centrifugation. These fluorine-containing graphene sheets can be

dispersed in various solvents with a concentration up to 0.7 mg mL � 1.

Introduction
Graphene, a new one-atom thick carbon nanostructure with
sp2-hybirdized carbon atoms arranged in a honeycomb lattice,
has opened an exciting new field of two-dimensional nano-
materials in recent years because of its fascinating electronic
and mechanical properties.1 However, its extensive application
still depends on the convenient obtaining of high-quality
single- or few-layer graphene sheets and the good stabilization
of these sheets under various conditions.2 To date, two di�erent
approaches have been developed to generate graphene sheets,
one of which is bottom-up construction, for example, chemical
vapor deposition (CVD)3 and thermal decomposition of SiC; 4

the other is the top-down process, including mechanical exfo-
liation, 5 reduction of graphene oxide (GO),6,7 and solvent-based
exfoliation of graphite. 8…14Nevertheless, graphene sheets pre-
pared via these aforementioned methods suffer from three
major obstacles, manufacturing scalability, structural defects,
and dispersibility or stability for a long time, 15 that should
be overcome before exploring the promising applications of
graphene sheets in a cheap and practical mode. Thus, how to
meet these multiple criteria remains a great challenge, which
drives scientists to develop a more facile and effective method
for the preparation of high-quality graphene sheets with excel-
lent stability in a suspension.

From a chemical point of view, the strategy of liquid-phase
exfoliation of graphite provided great potential for its simplicity

of just sonicating pristine graphite in an organic solvent, and
more importantly, obtaining high-quality graphene sheets with
an undisrupted p-conjugated network in a massive scale.8,11

However, due to the inevitable agglomeration or even restacking
of exfoliated sheets to give graphite through van der Waals
interactions, the redispersibility or stability of graphene sheets
has still kept scientists obsessed.8,16,17Very recently, the success
of the covalent chemical modification of graphene sheets 18,19

paved a way to achieve functionalized graphene sheets with
permanent solution stability compared to those stabilized via
non-covalent interaction. Inspired by well-developed fullerene
and carbon nanotube chemistry, chemists have presented
several instances of functionalization of graphene sheets by radical
addition, 11,20 diazo-reaction,16 1,3-dipolar cycloaddition 21…23 or
Diels…Alder ••click•• chemistry.24 Via these methods, functionalized
graphene sheets were commonly prepared by the modification
of exfoliated graphene sheets under dispersion conditions. This
post-modification strategy permitted us to introduce more
chemical groups as far as possible, which imparted the sheets
good dispersibility. 16,17,20

These aforementioned results, combined with the e�cient
exfoliation of graphene sheets in suitable solvents,8,11,12encouraged
us to go one step further and develop a more facile and e�ective
method for the preparation of functionalized graphene sheets
while keeping the hexagonal lattice undisturbed as much
as possible. In this work, we o�ered a new pre-modification
plus liquid-phase exfoliation strategy to prepare pyrrolidine-
functionalized fluorine-containing graphene sheets, in which
graphite was first treated with appropriate substances under
relatively mild conditions to a�ord surface-functionalized graphite
followed by sonicating in an organic solvent and exfoliating
into single- or few-layer functionalized graphene sheets (FGS)
as shown in Scheme 1. Because the functional group was firstly
introduced onto the surface of graphite before exfoliation,
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