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 CARBON sp3 HYBRIDIZATION

Carbon Allotropic Phases: Diamond
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DEMat [C] = 1s2 2s2 2p2

 CARBON sp3 HYBRIDIZATION

Blend (i.e. hybridise) the s and the three p orbitals...

Since we mixed 4 orbitals, we get a set of 4 sp3 orbitals

 Each sp3 hybrid contains a single unpaired electron

The sp3 ortbital looks like a distorted orbital with 

unequal lobes

The 4 sp3 hybrids points towards the corners of a 

tetrahedron.

Carbon Allotropic Phases: Diamond
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 CARBON ALLOTROPIC PHASES

DIAMOND

DIAMOND

3D TETRAHEDRAL NETWORK

CN = 4 (GROUP IV ELEMENT) 

COVALENT BONDS

http://newton.ex.ac.uk/research/qsystems/people/sque/diamond/structure/

Carbon Allotropic Phases: Diamond
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Carbon Allotropic Phases: Graphite

[C] = 1s2 2s2 2p2

 CARBON sp2 HYBRIDIZATION
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Blend (i.e. hybridise) the s and the two p orbitals...

Since we mixed 3orbitals, we get a set of 3 sp2 orbitals

The other p orbital remains unaffected

 Each sp2 hybrid contains a single unpaired electron

Carbon Allotropic Phases: Graphite

[C] = 1s2 2s2 2p2

 CARBON sp2 HYBRIDIZATION
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 CARBON ALLOTROPIC PHASES 

GRAPHITE

GRAPHITE 

2D HEXAGONAL LAYERED STRUCTURE

CN = 3

COVALENT BONDS (WITHIN  EACH  LAYER)

VAN DER WAALS (INTERLAYER FORCES)

Carbon Allotropic Phases: Graphite
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 CARBON ALLOTROPIC PHASES - 1980

GRAPHITE / DIAMOND

DIAMOND

3D TETRAHEDRAL NETWORK

CN = 4 (GROUP IV ELEMENT) 

COVALENT BONDS

GRAPHITE 

2D HEXAGONAL LAYERED STRUCTURE

CN = 3

COVALENT BONDS (WITHIN  EACH LAYER)

VAN DER WAALS (INTERLAYER FORCES)

http://newton.ex.ac.uk/research/qsystems/people/sque/diamond/structure/

Carbon Allotropic Phases
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 CARBON ALLOTROPIC PHASES - 1980

GRAPHITE / DIAMOND

Carbon Allotropic Phases



M. Clara Gonçalves

M
A

T
E

R
IA

IS
 N

A
N

O
E

S
T

R
U

T
U

R
A

D
O

S
 E

 N
A

N
O

T
E

C
N

O
L

O
G

IA
S

DEMat

Carbon Allotropic Phases
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 CARBON ALLOTROPIC PHASES - 1985

GRAPHITE / DIAMOND / CARBON NANOTUBES /FULLERENES

C60

SOCCER BALL SHAPE

Carbon Allotropic Phases: Fullerenes

C60 UP TO C120

IT IS POSSIBLE TO DRAW LOTS OF STRUCTURES  WITH FIVE AND SIX-MEMBERED RINGS

IN DIFFERENT POSITIONS AND SOMETIMES TOGETHER

C70

RUGBY BALL SHAPE

FIVE-MEMBERED RING

SIX-MEMBERED RING
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FULLERENES

C60 -- BUCKYBALL

C60 – FIRST SPHERICAL CARBON MOLECULE WITH C ARRANGED IN 

A SOCCER BALL SHAPE.

60 C ATOMS (C60), ARRANGED IN A NUMBER OF FIVE-MEMBERED 

RINGS ISOLATED BY SIX-MEMBERED RINGS.

Carbon Allotropic Phases: Fullerenes

 CARBON ALLOTROPIC PHASES

GRAPHITE / DIAMOND / CARBON NANOTUBES /FULLERENES
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FULLERENES

(R. Buckminster Fuller)

C60 (1985)

2-BILLION-YEAR-OLD- IMPACT 

CRATER SUDBURY, CANADA

FULLERENES

SUPERCONDUCTIVY (E.G. K3C60)

C60 – USED TO PRODUCE DIAMOND FILMS

C60(S)  - YELLOW

C60 (DISSOLVED BENZENE) - MAGENTA

Carbon Allotropic Phases: Fullerenes

 CARBON ALLOTROPIC PHASES 

GRAPHITE / DIAMOND / CARBON NANOTUBES /FULLERENES
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 CARBON ALLOTROPIC PHASES

GRAPHITE / DIAMOND / CARBON NANOTUBES /FULLERENES

FULLERENES

C60 (1985)

ATOMS CAN BE PLACED INSIDE

THE FULLERENE BALL –

ENDOHEDRAL.

M@Cn –ex.,  La@C82, Y@C82

FULLERENES

C60 (1985)

ATOMS CAN BE PLACED OUTSIDE

THE FULLERENE BALL AS SALTS,  

FULLERENE GAIN e-

EXAHEDRAL.

MX
+ C60

n-

Carbon Allotropic Phases: Fullerenes
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 CARBON ALLOTROPIC PHASES

GRAPHITE / DIAMOND / CARBON NANOTUBES /FULLERENES

ADDITION OF ALKALI METALS AS SALTS

EXAHEDRAL POSITIONS

MX
+C60

n-

RESISTIVITY 

MINIMUM X = 3

SUPERCONDUCTING

FULLERENES

C60

BULK OR THIN FILMS OF PURE C60

SEMI-CONDUCTING

RESISTIVITY ~ 108 Wcm

ADDITION OF ALKALI METALS AS SALTS

EXAHEDRAL POSITIONS

MX
+C60

n-

FURTHER INCREASING THE ALKALI 

METAL STOICHIOMETRY

RESISTIVITY 

INSULATOR, X = 6

Carbon Allotropic Phases: Fullerenes



M. Clara Gonçalves

M
A

T
E

R
IA

IS
 N

A
N

O
E

S
T

R
U

T
U

R
A

D
O

S
 E

 N
A

N
O

T
E

C
N

O
L

O
G

IA
S

DEMat

 CARBON ALLOTROPIC PHASES

GRAPHITE / DIAMOND / CARBON NANOTUBES /FULLERENES

FULLERENES

OPTICAL PROPERTIES

WHEN MORE INTENSE LIGHT SHINES ON C60, LESS IT

TRANSMITTED.

C60 BECOMES A BETTER LIGHT LIMITER AT LONGER

WAVELENGTHS, BECAUSE THE ABSORPTION CROSS SECTIONS OF

THE GROUND STATE AND THE EXCITED STATE BOTH CHANGE

WITH WAVELENGTH, BUT IN OPPOSITE DIRECTIONS.

THIS MAY LEAD TO USING C60 FOR PROTECTION FROM LIGHT

RADIATION, BUT FIRST MATERIALS SCIENTISTS HAVE TO WORK

OUT A WAY TO PRODUCE STRONGER FILMS OF C60 AND TO KEEP

THEM FROM OXIDIZING.

Carbon Allotropic Phases: Fullerenes
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 CARBON NANOTUBES

ARMCHAIR / ZIG-ZAG / CHIRAL

Carbon Allotropic Phases: Nanotubes
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 CARBON NANOTUBES

ARMCHAIR / ZIG-ZAG / CHIRAL

Carbon Allotropic Phases: Nanotubes
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 CARBON NANOTUBES

ROLLING GRAPHENE SHEETS

Carbon Allotropic Phases: Nanotubes
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 CARBON NANOTUBES

ARMCHAIR / ZIG-ZAG / CHIRAL

Carbon Allotropic Phases: Nanotubes
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 CARBON NANOTUBES

Carbon Allotropic Phases: Nanotubes
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 CARBON NANOTUBE SYNTHESIS

Carbon Nanotubes / Fullerenes Synthesis
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Carbon Nanotubes / Fullerenes Synthesis
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 CARBON NANOTUBE SYNTHESIS

PLASMA ARCING

EVAPORATION

DEPOSITION

Carbon Nanotubes / Fullerenes Synthesis
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 CARBON NANOTUBE SYNTHESIS

DUAL-PULSED LASER VAPORISATION

Carbon Nanotubes / Fullerenes Synthesis



M. Clara Gonçalves

M
A

T
E

R
IA

IS
 N

A
N

O
E

S
T

R
U

T
U

R
A

D
O

S
 E

 N
A

N
O

T
E

C
N

O
L

O
G

IA
S

DEMat

 CARBON NANOTUBE SYNTHESIS

PLASMA ARCING

DUAL-PULSED LASER VAPORISATION

 UNCLEAR HOW TO SCALE UP NANOTUBE PRODUCTION TO 

THE INDUSTRIAL LEVEL

 VAPORIZATION METHODS GROW NANOTUBES IN HIGHLY 

TANGLED FORMS MIXED WITH UNWANTED FORMS OF 

CARBON OR METAL SPECIES.

 NANOTUBES ARE DIFFICULT TO PURIFY, MANIPULATE, AND 

ASSEMBLE FOR BUILDING NANOTUBE-DEVICE 

ARCHITECTURES.

Carbon Nanotubes / Fullerenes Synthesis
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 CARBON NANOTUBE SYNTHESIS

CVD

Carbon Nanotubes / Fullerenes Synthesis
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Applications

 CARBON IMAGING
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 CARBON NANOTUBE DISPLAYS

Applications
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Applications
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 Fe-Co FILLED CARBON NANOTUBES

Applications
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Applications
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