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f_l What is graphene?
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E Building block for
£_-j' 2D structure 3D graphite

JI—_ | - sp>-hybridized 1D nanotubes

I] " 0D fullerenes




Properties of graphene

Stable sheets without growing substrate

Quantum Hall

In-layer / out-

effect at room temperature

ayer conductivity ~ 1000 times

Ambipolar fiel

d effect
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= Ambipolar field effect

—iBand structure
—Jin graphene,
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' Graphene flake examples

& 20 um

—_ A few layer ﬂake optlcal Single layer graphene pree- standmg graphene

ﬁ: < interference mlcroscopy flake. AFM image. fjjm TEM | 1mage
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‘Surface electron structure
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Thickness measurement using
Raman spectroscopy

Graphene
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Raman spectra of graphene flakes with varied
thickness produced by mechanical exfoliation.




Uses of graphene

High speed logic devices
Thermally and electrically conductive composites
Sensors

Transparent electrodes



Electron mobility

(@)

SEM 1mage of a
suspended sheet.

Field-eftect
measurements indicate

mobility greater than
200,000 cm2/(V s).




Gra shene transistors
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_l(a) Single graphene sheet on Si02. SEM image.
— (b) Construction of a top-contact, back-gated device.
J— (¢) working device with a channel length of 7 um.
__JPhotogrqph optical, and SEM 1mage.
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Etched ribbons
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Lithographically created nanoribbons.
[ /I ratio up to 10’




Chemically derived nanoribbons

(a) ribbon stabilized 1n solution by m-stacking

L~ polymer agents.

(b) Spin-coated surface with ribbon widths 10 nm
and up. AFM mmage. |
1" (e)I /1 ratiosupto 10°
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Graphene gas sensors

Resistance response of chemically derived p-type
oraphene to electron withdrawers (NO2)
and electron donors (NH3).
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Single molecule adsorption sensor




Production of graphene

Mechanical exfoliation
slow, low yield
Chemical exfoliation in solution
modifies 2D crystal structure
Bottom-up synthesis from organic precursors
small fragments only
Growth on a substrate

polycrystallinity, uneven thickness



- Mechanical exfoliation process of

¥ graphite pillars
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= Graphite intercalation

=

= Intercalation and
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Chemically derived graphene

e R,

Graphite Grapﬁite Oxide | Chemically
derived
graphne

Conversion of graphite to graphene.
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E Chemical Vapour Deposition
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- - (a) the nickel catalyst | a)
£j (b) graphene film.
Ll'Optical miCroscopy.
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Epltaxml sﬂlcon carblde
" derlved graphene
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(a) Sﬁ_‘ll hexagonal crystalhtes SEM 1mage
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