Graphene: Electronic and
vibrational properties



Graphene

perfect two-dimensional crystal

single layer of carbon atoms
hexagonal lattice
unique properties
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Graphene

Andre Geim Konstantin Novoselov



Properties

surface mass

tensile strength
thermal conductivity
electrical resistivity

7.57 - 107 kg - m>
1.25 - 10! Pa
5000 W / (m - K)
31Q-m



Structure

direct lattice T A= aa0(1,0)
* A= 70(1,\@)
* |a;| =ay, = 0.246 nm
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Structure

reciprocal lattice

s
30.0




Structure

* carbon: 1s% 2s? 2p?
e four valence electrons
» 2s and 2p hybridize to form sp? orbitals
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Structure

* three 2sp? electrons -> o-bond
* one 2p electron -> 1t-bond

o bond 7t bond




Structure

direct lattice T A= aa0(1,0)
* A= 70(1,\@)
* |a;| =ay, = 0.246 nm
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Tight-Binding

= > 5> — 51 — (C_i1 - 26—1)2)
e(k) = z exp(ik - b)) :
j=1 bz — § (_26_1)1 —+ C_iz)

N =

|e(E)| = [3 + 2cos (I_c) (a, — &2)) + 2 COS(E - dy) + 2cos(k - d,)]

V3a a
=[3+2 cos(aoky) + 4 Cos< > & kx> cOS —Oky)]

gt = iy0|e(lz)| Yo tight-binding parameter



Band Structure
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band structure of graphene band structure along the
conduction and valence band along high-symmetry direction

the first Brillouin zone K-I-M-K’



Vibrational Properties
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optical in-plane vibrations



Vibrational Properties

800 ~
700 § Q.
6004 |

~ 500

'g 400

3 300

200 ~

100

0

% }?\ o
& < <
(0’?2\{"10 15 —-10 =5 ©

7 ke (nm™1)

out-of-plane phonon mods
gray: ZO (optical) and pink ZA (acoustic)



Vibrational Properties
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Vibrational Properties
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Frequency, cm™
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Reduced wave vector

all modes along the special symmetry points



