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Abstract: Graphene doped with heteroatoms such as nitro-
gen, boron, and phosphorous by replacing some of the
skeletal carbon atoms is emerging as an important class of
two-dimensional materials as it offers the much-needed
bandgap for optoelectronic applications and provides better
access for chemical functionalization at the heteroatom sites.
Covalent grafting of photosensitizers onto such doped
graphenes makes them extremely useful for light-induced
applications. Herein, we report the covalent functionalization
of N-doped graphene (NG) with two well-known electron
donor photosensitizers, namely, zinc porphyrin (ZnP) and zinc
phthalocyanine (ZnPc), using the simple click chemistry
approach. Covalent attachment of ZnP and ZnPc at the N-

sites of NG in NG� ZnP and NG� ZnPc hybrids was confirmed
by using a range of spectroscopic, thermogravimetric and
imaging techniques. Ground- and excited-state interactions in
NG� ZnP and NG� ZnPc were monitored by using spectral and
electrochemical techniques. Efficient quenching of photo-
sensitizer fluorescence in these hybrids was observed, and
the relatively easier oxidations of ZnP and ZnPc supported
excited-state charge-separation events. Photoinduced charge
separation in NG� ZnP and NG� ZnPc hybrids was confirmed
by using the ultrafast pump-probe technique. The measured
rate constants were of the order of 1010 s,� 1 thus indicating
ultrafast electron transfer phenomena.

Introduction

Graphene, a novel nanomaterial comprising a single sheet of
carbon atoms packed in a hexagonal lattice[1–4] has emerged as
one of the most actively researched materials for applications in

the areas of energy conversion and storage, electrocatalysis,
sensors and electronics.[5–11] Controlled chemical doping of
heteroatoms such as nitrogen, sulfur, and boron has provided a
means of tailoring the properties of graphene, to match those
of heteroatom-doped nanotubes, thereby broadening its
scope.

[12] Among the heteroatom-doped graphenes synthesized,
nitrogen-doped graphene (NG), which contains three common
bonding configurations within the carbon lattice, namely,
quaternary N, pyridinic N and pyrrolic N[13] exhibits properties
different from those of pristine graphene including bandgap
tuning.

For functionalization purposes, NG offers a significant
advantage as it can be conveniently functionalized at the
pyrrolic nitrogen sites using established chemical techniques.
Recently, we reported a chemical functionalization method that
involves the reaction of an alkyl halide at the pyrrolic N.[13] Two
donor-acceptor hybrids, namely, NG� C60 and NG-perylene
diimide (PDI), in which electron-deficient C60

[14] and PDI[15] serve
as electron acceptors, were successfully synthesized using this
approach. Subsequently, photoinduced charge separation lead-
ing to NG*+� C60

*� and NG*+� PDI*� states was confirmed using
time-resolved pump-probe techniques. In other words, NG is
acting as an electron donor in these systems.[14,15] However, a
literature search showed that the ability of NG to act as an
electron acceptor under light illumination conditions has yet to
be established. This becomes especially important for the
application of NG in light-energy and light-to-fuel conversion
and other catalytic applications.[16] With this in mind, in the
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was run under argon atmosphere. Experiments were done in a one-
compartment cell equipped with a platinum working microelec-
trode (∅=2 mm) and a platinum wire counter electrode. A scan
rate of 0.1 Vs� 1 was used. An Ag/AgNO3 electrode was used as
reference and checked against the ferrocene/ferrocenium couple
(Fc/Fc+) before and after each experiment.

Femtosecond transient absorption spectroscopy experiments were
carried out using an ultrafast femtosecond laser source (Libra) by
Coherent incorporating diode-pumped, mode locked Ti:Sapphire
laser (Vitesse) and diode-pumped intra cavity doubled Nd:YLF laser
(Evolution) to generate a compressed laser output of 1.45 W. For
optical detection, a Helios transient absorption spectrometer
coupled with femtosecond harmonics generator both provided by
Ultrafast Systems LLC was used. The source for the pump and
probe pulses were derived from the fundamental output of Libra
(Compressed output 1.45 W, pulse width 100 fs) at a repetition rate
of 1 kHz. 95% of the fundamental output of the laser was
introduced into a TOPAS-Prime-OPA system with 290–2600 nm
tuning range from Altos Photonics Inc., (Bozeman, MT), while the
rest of the output was used for generation of white light
continuum. Kinetic traces at appropriate wavelengths were
assembled from the time-resolved spectral data. Data analysis was
performed using Surface Xplorer software supplied by Ultrafast
Systems. All measurements were conducted in degassed solutions
at 298 K.
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