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What is graphene?

 Graphene is a material made from carbon

- It represents a conceptually new class of materials that
are only one atom thick, so-called two-dimensional (2D)
materials (they are called 2D because they extends in
only two dimensions: length and width)

- It has many different properties which make it potentially
useful

- It is expected to replace common materials (i.e. plastic,
silicon) on certain products as early as the next decade




Graphene sheets are building blocks
for other graphitic materials

stacked on top of each other they make
graphite (1 mm thick graphite contains

about 3 million layers of graphene)

rolled up they make a carbon nanotube

o t,"-;.-j.‘.- A cut and folded into a spherical shape
N o they make a fullerene




Properties of graphene

» Great semiconductor - electrons can move with
minimal resistance

» Extraordinarily strong — 100x stronger than steel

» Thermal conductor - heat can move 10x faster in
graphene than in copper

» Nearly transparent - 97.3% transparent due to it only
being one atom thick



Properties of graphene

» Flexible and malleable - attributed to its light weight
and thinness, can flex 20% without damage

» Potential to be cheap/affordable - carbon is
incredibly abundant on Earth

» Incredibly thin — one atom “thick”




The graphene’s exiraordinary properties

Atomic thickness
A single layer is only one atom thick

(therefare called "2D" or "two-dimensional™),

about 0.335 nanometers

Electron mobility

Transparency The highest electron mobility of all

Absorbs only 2.3% of reflecting ¢~

3 X > electronic materials with theoretical limit of
light; better than ITO

200,000 cm?/(V+s) (>100x higher than silicon)

Strength

Thermal conductivity Defect-free, monolayer graphene is the
1500-2500 W/mK at rcom strongest material ever tested"” with a
temperature;® ** higher strength of 42 N/m, which equates to an
than diamonds intrinsic strength of 130 GPa (>100x stronger
than the strongest steel)

Electrical resistivity

1x10* Q*m among the lowest Toughness and Stretchability
of any known material at Although graphene is relatively brittle,
room temperature it can be stretched by up to 25% - highly

(~35% less than copper) relevant for flexible electronics

N i
gy Stiffness
i L Experiments on defect-free graphene
>

\ e monolayer have yielded a Young’s modulus
through a sheet of graphene' J of ~1.0 TPa - one of the highest value of any

Impermeability
Even the smallest atom

(helium atom) cannot pass

’ material; about the same as diamond
High surface area
2630 m’/g "* — with less than 3 grams

you could cover an entire soccer field
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Based on the current knowledge on hazard of nanomaterials, a number of characteristics can
be identified that may be relevant for hazard assessment of graphene

—e Composition

Chemical composition is one of the most
important considerations for determining the
biological interactions and fate of graphene in
vivo. The surface chemistry and the dissolution of
the material will be determined by it, which will in
turn affect the cellular interactions, uptake, and
biodistribution.

Structural Form

Graphene is being explored in applications in which
qualitatively different physical form factors are
needed including thin-films, three-dimensional
constructs, and composites. In these cases,
biological interactions will fundamentally differ from
those of a well-dispersed 2D material in solution

~e Thickness

The biological response to a 2D geometry is
unique, and the physical interactions of
graphene with cells are expected to vary based
on their aspect ratio and mechanical properties
Thus, the characterization of lateral size and
thickness of 2D materials is critical,

l—‘Chemical Transformation

As layered materials are
chemically exfoliated, the
fundamental properties of
the material change
Similarly, biological

interactions with layered
materials vary as a function
of exfoliation state. Different

= exfoliation and preparation
E 8 methods could change the
= cytotoxicity.
S~
Soco”
o-offo-
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L Surface Functionalization

Generally, the surface functionalization of
graphene will dictate the dispersion stability,
the surface reactivity, and the degradation
behavior, all of which will contribute to the
overall toxicity of the material.



:(&:r ﬁ@!ﬁg- inst Coronavirus

..‘9595 ' pneumonia ovutbreak of coronavirus
@.@.ﬁ -19) is tearing global health systems

imed by surface proteic projections on
ojope enclosing single-stranded positive-

drug-resistant bacterial infections.




Graphene and Graphene Oxide: Biofunctionalization

(b)
« Graphene, graphene oxide

(GO), and graphene
derivates are promising
candidates in biotechnology
development

iIcal modification in
benefits graphene and
O by improving their
biocompatibility, solubility
and selectivity.

(a) Epitome of graphite forms, (b) Schematic image
representing the loading of doxorubicin (DOX) and
campthothecin (CPT) onto FA-modified GO.



Graphene and its derivatives have been reported to be functionalized with avidin—biotin,
peptides, NAs, proteins, aptamers, small molecules, bacteria, and cells through physical
adsorption or chemical conjugation. The functionalized graphene biosystems with the unique
properties have been used to build up biological platforms, biosensors, and biodevices
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Graphene materials interact with viruses

« In 2012, thin films of rGO-tungsten oxide were exploited for photo-inactivation of
bacteriophages under visible light irradiation.

« The large surface of graphene provides the highest ligand contact area for the
adsorption of negatively charged which can interact with virions’ positively charged
residues and block microorganisms.

- rGO sulfate derivatives demonstrated their antiviral activity against African swine
fever virus, orthopox virus and herpes virus strains.

cyclodextrins-functionalized sulfonated graphene to treat the respiratory
yncytial virus (RSV).

Polyglycerol sulfated graphene functionalized with fatty amine chains wrap and
Inactivate HSV-1.

(b) &

a. Main structure of
coronavirus
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Graphene texlile for pandemic spread conirol

 Graphene filters have been produced for capturing
particulates and bacteria to decrease the transmission
of nosocomial infections.

« The bacteria blocked on the filter are not able to
proliferate and by increasing filter temperature over 300
°C microorganisms along with molecules that can cause

diseases are destroyed.

e used also for sampling bioaerosols for
ctepization of transmission in hospital settings
exposure risk of workers in general.

« A textile screen-printed biosensor based on a GO
tranSduction film for the detection of environmental
exposure to viruses.

O films are also useful for creating breathable barrier
layers in fabrics.

rotective graphene facemasks could be recycled by
hotocatalysis or heat.

Sensors arrays implemented on textiles
and interfaced with flexible electronics
can report the location of positives and
identify sources of the outbreak.




Curcumin Functionalized Graphene Oxide against the viruses

« Curcumin, as a natural polyphenol,
IS Isolated from the rhizomes of the
perennial herb Curcuma longa and
holds various functions including
antioxidant, antifungal, antibacterial,
anti-inflammatory, and anti viral.

This polyphenolic compound has
gained significant attention due to a
varigty of biological activities and low
toXicity

he introduction of sulfonate groups
to the functionalized GO surface can
mimic the cell’'s surface and inhibit
RSV infection through a competitive
Inhibition mechanism.

The synergistic antiviral activity is
due to the nanomaterials themselves
and the drug curcumin
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Schematic representation of work principle. (A) The
synthesis of functional nanomaterial composite; (B)
the proposed inhibition mode of
nanomaterial composite against RSV infection
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Limitation and Challenges

The immediate use of graphene for tfreatment of COVID-19 is
unreadlistic. The only available in vivo test for virus treatment
demonstrated the efficacy of GO-hypericin in ducklings
infected with the Novel duck reovirus.

in vivo toxicity of graphene is still a matter of debate.

Graphene toxicity are made difficult due to the infinite
combinations of dose, surface chemisiry, exposure route
used for the evaluation.

Its instability and aggregation in solution are further problems,
given the mandatory stability required for drugs and vaccine
storage prior use
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