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ABSTRACT
Two-dimensional graphene offers interesting electronic, thermal, and mechanical properties that are currently
being explored for advanced electronics, membranes, and composites. Here we synthesize and explore the
biological applications of nano-graphene oxide (NGO), i ingle-layer graphene oxide sheets down to a

Nano Res (2008) 1: 203-212
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few nanometers in lateral width. We develop functionalization chemistry in order to impart solubility an|
compatibility of NGO in biological environments. We obtain size separated pegylated NGO sheets that af
soluble in buffers and serum without agglomeration. The NGO sheets are found to be photoluminescent in th

LL4; was d by the absorbance peak at 490
(characteristic of DOX, after subtracting the
e of NGO-PEG at that wavelength) with a
i of 1.05%10° mol /{L-cm).

visible and infrared regions. The intrinsic photoluminescence (PL) of NGO is used for live cell imaging in
near-infrared (NIR) with little background. We found that simple physisorption via n-stacking can be used for
loading doxorubicin, a widely used cancer drug onto NGO functionalized with antibody for selective killing of
cancer cells in vitro. Owing to its small size, intrinsic optical properties, large specific surface area, low cost, and
useful non-covalent interactions with aromatic drug molecules, NGO is a promising new material for biological
and medical applications.

KEYWORDS
Graphene oxide, pegylation, size separation, cellular imaging, drug delivery

Introduction chemistry is needed to impart graphene with aqueous

lubility and bi patibility. GO and its chemically
converted derivatives form stable suspensions in
pure water but generally aggregate in salt or other
biological soluti [&]. Second, ph sheets
with suitable sizes are desired. Size control or size

The interesting physical properties of graphen, a
novel tom-thick two-dil

graph
carbon system, have led to much excitement in recent

years in material science and condensed-matter
physics [1-6]. Potential applications of graphene for
nanoelectronics [1, 3], sensors, and nanocomposites
4, 5] e acuvely pursued [6]. The biological suitably interface with biological systems in vitro or

separation on various length scales is necessary to

ppl of and graph oxide (GO)  invive. Graphene and GO samples obtained thus far
remain une:(p]unrd and wide-open, however. There are typically microns or larger in size. Lastly, little
are several p g for biological appli is known experimentally about the properties of
for a new mattrial, First, rational ionalization phene with molecular di ions, on the order of
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Raji and CEM cells were incubated with free
DOX, NGO-PEG/DOX, NGO-PEG/DOX + Rituxan
(unconjugated), and NGO-PEG-Rituxan/DOX at
DOX concentrations of 2 pmol/L or 10 ymol /L for
ashed twice with PBS before transferring

cell medium. After another 48 h incubation,
9&&_11 ity was rnmsumd by the MTS assay with a

‘romega).

3. Conclusions

In summary, multifunctional biocompatible nano-
graphene oxides with various physical sizes were
prepared in a scalable manner. Photoluminescence
of NGO from visible through infrared range was
revealed and used for cellular imaging. Anticancer
drugs were loaded onto NGO with high capacity,
and selectively transported into specific cancer cells
by antibody guided targeu.ng The novel graph.lln:
bined with mul
including biocompatibility, photoluminescence
and drug loading and delivery, suggest promising

pplications of graph ials in biological and
medical areas.
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When annealed at elevated temperatures under vacuum, silicon
carbide surfaces show a tendency towards graphitization. Using
the sensitivity of empty conduction-band states dispersion
towards the Structural quality of the overlayer, we have used
angular-resolved inverse photoemission spectroscopy (KRIPES)
to monitor the progressive formation of crystalline graphite on
6H-SIC{0001) surfaces. The KRIPES spectra obtained after
annealing at 1300 degrees C are characteristic of azimuthally
oriented, graphite multilayers of very good single-crystalline
quality. For lower annealing temperatures, the erdered interface
already presents most of the fingerprints of graphite as soon as
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